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PREFACE

The Meghnz, one of Bangladesh’ major rivers, flows through the eastern part of Bangladesh and
discharges into the Bay of Bengal.

Like other rivers in Bangiade~-  _ ,eghna erodes it banks in many points and this erosion has
assumed an alarming magnitude_since the severe fioods of 1987 and 1988. Conseqguently, a number of
locations requires prompt attention to prevent further damage or even events of a catastrophic nature.

This Final Report describes the surveys. studies. designs. cost estimating and economic evaluation
carried out during 1990-1982 as part of the Short Term Study (FAP-9B) for Meghna Bank Protection.

The Report consists of seven volumes comprising 2 Main Report and nine Annexes A to | Some
Annexes are accompanied by a series of APPENDICES containing detailed information or supporting
data relevant to them.

Vol | Main Report
Vol Il Annex A : Hydrology -
B: River Morphology and Geomorphology /
Vol 11l Annex C: Geotechnical Investigations
Vol IV Annex D : Scale Model Studies
E & Mathematical Mode! Studies
Vol V Annex _', : n:vér Bank Protection "~
Vol VI Annex F: Economics of Protection Works
Vol Vii Annex H: (not used)

l: Environmental Impact Assessment.
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The following sections deal with the main elements of the study.

River Morphology and Geo-morphology

3.

The upper and Lower Meghna river are two completely different rivers. The lower Meghna is, in
fact, the continuation of the Padma River.

Planform characteristics of the Upper Meghna have remained essentially the same over the last
decades. the overall trend of the plan form of the Lower Meghna is different from the Upper
Meghna River. In the Lower Meghna River major changes are taking place. The present
morphology at the confluence of the Padma and lower Meghna Rivers i= sych that the ‘width of
the cross-sections increase considerably before the confl'*  __, izading to a decrease of velocity
and consequently the generation of large chars. This chars influence the course of the channels.

It can be stated that the overall trend of the planform of the Lower Meghna near the confluence
is a continuous movement in eastern direction. This accomplished by continuous bank erosion
alongthe bend of the Lower Meghna river in the southern direction. The location of the bank
erosion varies depending on the channel pattern in the Padma River and seems to vary with a
periodicity of some 15 years. o '

Engineering

6.

After studying various alternative designs a selection was made for designs to be studied in
greater detail. The selection was based on various factors including the impact of the protection
works on the flow pattern, the area required to construct and maintain the protection works and
cost involved.

Bank protection works to be constructed along the Upper Meghna are in principle similar to
works constructed elsewhere in the world along meandering rivers of comparable magnitude.
Bank protection works to be constructed along the Lower Meghna and more specifically at
Chandpur are unique in view of the expected depth of scour holes and current velocities in this
large river. = e

On all three sites bank protection in principle will consist of a revetment placed onto a
geotechnically stable slope. T T

The slopes will be formed by either placing (hydraulic) fill followed by slope trimming by
dredgers or (at Chandpur) by placing containment bunds which are always filled with
hydraulically placed sand before the next containment is constructed.

By means of multicriteria analysis (MCA) the following slope protection alternatives were
analyzed for each case:

5 boulders or rock on geotextile;
- concrete cement blocks placed on a filter;
: concrete block mattresses;

- bound or grouted aggregates;

- wire or gabion mattresses filled with boulders; and

- fabric mattresses filled with sand or cement. =

CONCLUSIONS | 2



In order to fulfil the functicnal requirements, quality assurance, maintenance and construction
aspects, the revetment will consist of: q

/
- above water of open stone asphalt on a geolextlle -

2
. ool
- under water of a fascine mattress ballas!e_c_i with rock or boulders depending on the site:

at the toe of a falling aprcn of ”?ulders (rock for Chandpur) without a geotextile
h. ) o frn)
underneath. # rg' ﬂ:rdh ;,,émé&.}w

10. In modern design the Consultant tries to design river bank protection works having a minimum
capitalized cost (less investment). It therefore is emphasized that monitoring and maintenance
must be carried timely and to the required level of quality. It is suggested to consider the
possibility of for instance a locally based (i.e in Chandpur or Bhairab Bazar) Meghna River
Authority, founded by GOB through an ordinance. '

11 The financial construction cost of the works designed for the eight priority sites is as follows:
US $ million
Bhairab Bazar and Railway Bridge 15.3
Munshiganj 7.7
Chandpur:
(a) Short-Term ' ' 712
(b) Emergency 37.9
5 Roads & Highways Bridge ' 5.2
- Maniknagar — 20.5
- Eklashpur ' 265
- Haimchar 29.3

These costs are based on prices of mid-1991, the reference date for the economic study and include
no customs duties or levies and no allowance for escalation in prices.

12. The construction period for the project has been assessed as:
Package I Chandpur Town Protection
(Nutan and Puran Bazar) 27 months
Package Il Bhairab Bazar and Railway Bridge 15 months

Munshiganj Town

Package llI: Chandpur Town, I itan Bazar, 13 months
Emergency Works ‘

CONCLUSIONS / 3
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CONCLUSIONS

Introduction

1. This Final Report comprises the Consultants’ work in response of the revised Terms of
Reference which require Consultants to submit:

feasibility studies, detailed designs and tender documents for the priority sites:

- Bhairab Bazar_lan;j/:ﬁaiiway Bridge,

- Munshiganj,

- Chandn -

feasibility studies and tender documents for erosion protection at the sites:
Chandpur (Emergency protection works),

: Eklashpur,

B Haimchar.

pre-feasibility studies for erosion protection at the sites:

- Maniknagar, |

- Roads & Highways Bridge.

2, The documents presented include:

A main Report and eight Annexes (Ato G and l), comprising the (pre-) feasibility studies
and detailed designs,

Tender documents fnr *he aforementioned sites in five contract packages:

- Package I: Chandpur Town.

- Package I Bhairah Bazar and Munshigan;.

- Package |lI: Chandpur Town, Nutan Bazar, emergency works.
- Package IV: Eklashpur.

- Package V: Haimchar.

Each package consists of five volumes.

CONCLUSIONS / 1



Economics

13.

14.

-
o

17.

The evaluation method has been based so far as possible on the FPCO - Guidelines for Project
Assessment although other damage parameters than flooding had to be used.

In the without scenario the present day practice regarding river bank repair and maintenance
activities is continued including an increase of these costs in the future.

The benefits of the bank protection project comprise the following aspects:

- cutbacks in maintenance and repair costs,

- reduction in loss and damage in town areas, =
= reduced disruption of the economic activities,

- reduced damage of the agricultural sector, =
- social benefits,

: environmental benefits,

- secondary benefits.

The economic feasibility (and pre-feasibility) analysis showed the following results:

EIRR NPV at 12%
% in million Tk.

Bhairab Bazar Town and Railway Bridge 20.6 446.4
Bhairab Bazar Town only 19.8 369.7
Munshiganj Town ) 16.1 761
Chandpur Emergency Works 7.3 -992
Chandpur Town e -9bd
Ekiashpur 2.8 -293.0
Haimchar 1.7 -215.9
Maniknagar 0.2 -190.6
Roads & Highways Bridge 189.9 20741

It is however7doubtiul whether the presumed economic opportunity cost of capital is the
appropriate criterion for an investment decision in an infrastructure of this kind.

Although prelimary assessment of bank protection of the Lower Meghna from Eklashpur to
Haimchar gives an EIRR (6.7%) below the opportunity cost of capital, the assessed rate might
be considered as acceptable for this type of infra-structural works. A more detail study is
required to provide more substantiated conclusions for the river training works in the Lower Meghna.

CONCLUSIONS / 4
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18

Chandpur has derived its importance from its strategic location along the majar river Lower
Meghna. Many of its art** e related to its location near the river. Therefore, Chandpur
shuuld pot be cunsicered as an isolated threatened location, but rather as a first fixed point
along a more or less fixed alignment of. the Lower Padma and Lower Meghna. without/
Chandpur, or any other fortified (hard point) location along the Lower Meghna, it is difficult to
see which mechanism would stop the historical shitt of the Lower Meghna in eastward directiony
Any existing infrastructure would be destroyed in the process of shifting of the river. Apart from
the associated financial and economic losses, there would also be grave social consequences:
many people loosing their land would not be able to acquire new land and would be bound to
become landless and destitute.

Sensitivity Analysis

19,

- The most detrimental effect occurs when benefits decrease by 50%. In that case the EIRR

decreases to 3.7% (Chandpur).

The project is also sensitive to an increase in construction cost: by a 50% increase the EIRR
decreases to 4.6%.

Environmental Impact

21.

22.

23.

For each phase of the proiert ~!' Sossible negative environmental impacts have been identified

for the varicus £ ... acliviies. Most activities associated with river-bank protection have only
temporary, short-term™or small-scale impacts. This is due to the relatively limited area
concerned. Furthermore, most impacts are associated with construction activities and not with
the constructed works. The effects are therefore alco limited in time. River-bank protection does
not have a very intrusive nature: it strives to maintain a steady state at a certain location but
does not significantly alter the riverine and estuarine ecosystems. G, B

The Lower Meghna has one of the highest rural population densities in the world, and nearly all
cultivable land in Bangladesh is farmed. Agriculture is the backbone of the economy. Agricuitural
practices are adapted to flooding: as the floods recede, submerged areas become productive
land, especially for rice.

The socio-economic impact of infrastructure displacement depends on the attitude of the
affected population. Information on this issue is not available, but it is expected that minimization
of the inconvenience is advisable. The provision of pontoons as temparary landing facilities, and
the reorganization of market facilities in the vicinity, will compensate the temporary less of
landing and market facilities at Bhairab Bazar, Munshiganj and Chandpur. It is recommended
to develop a relocation scenario in cooperation with the local authorities. N

The nature of the protection works is such, that the contractor will minimize dredging activities.
The effect on flora and fauna at the .redging site can further be reduced by avoiding heavily
polluted sites. If dredging elsewhere is too costly, the effects on water quality and aquatic life
should be monitr~—-

It has been recommended that a long-term strategic plan be prepared for future development
in the areas protected. Ideally, a monitoring programme should study the changes in water and
soil quality, including the effect on aquatic organisms and fish, before the proposed works are
carried out (assessment of existing situation), directly after project implementation (assessment
of short-term impact), and after one vear (assessment of long-term impact). The monitoring
programme should run for at least a year to detect seasonal variations, and preferably several
years to detect annual changes.

CONCLUSIONS / 5



1. INTRODUCTION TO THE PROJECT
1.1 Bgckground

There are three major rivers in Bangladesh: the Ganges. the Brahmaput'ré and the Meghna. Originating
form Assam in India. the Meghna River flows _rough the eastern part of Bangladesh and discharges
..o the Bay of Bengal. The Meghna River drains an area of 77,000 km?, of which about 46,500 km’ is
jocated in pangladesh. T -, cunmioutors 1o the river upstream of Bhairab Bazar are the Boulai, the
gurma and the Kushiyara'rwers.-covering an area of 62.960 kmZ. The Ganges joins the Brahmaputra
near Aricha and thereafter takes the name of the Padma. The Padma joins the Meghna at Chandpur.
The Lower Meghna River conveys the mell and rain water form the Ganges and Jamuna basins,
combined in the padma River, and from the Upper Meghna basin to the sea. The total catchment area
is about 1.637.000 Km?. Maximum flows can be as high as 160.000 m®/s. The major contribution of the
discharge originates from the Jamuna River (annual average 19,642 m3/s) and the Ganges River (annual
average 10,874 m°/s).

The reach of the Meghna River from Bhairab Bazar to Haimchar is about 160 km in length. Width of the
river varies from 1 km to more than 10 km. The river channel is more or less well defined upstream of
its confluence with the Padma and is braided in the reach downstream of Chandpur. The river 1s
considerably deep all along and the depth ranges 1o 35 m in the bends. The river bed and banks consist
mainty of clayey-silt which is often loosely packed and 1s susceptible 10 liquefaction at some piaces. Of
the three major Mvers, the Meghna carries relatively less sediment. TMLE@h
during monsoon. The river banks are also subjected to heavy wave action at some points.

Like other rivers in Bangladesh, the Meghna erodes its banks in many points. Erosion at the Meghna
since the severe flood of 1988 has assumed alarming proportions at the following locations which require
prompt attention.

- The Railway bridge at Bhairab Bazar,

- Bhairaly pazar_ Township along the right bank;

Maniknagar; along the left bank, falling within the proposed Gumti; Phase !l Project;

- Meghna R & H Bridge:

- Eklashpur (near Meghna-Dhonagoda Project);

- Chandpur Town,

- Haimchar (adjacent to Chandpur lrrigation Project);
The Dhaleswari River, 8 tributary of Meghna, has been eroding its right bank at Munshigan] for quite
some time and has threatened the existence of Munshiganj Town.
1.2 Meghna River Bank Protection -Short term Study
The study of possible pank protection works at critical locations along the Meghna river c_qg\_mencgd
officially in §ggtempr_3.r___199ﬂ._wnen _BWDB, Bangladesh Water Development Board commissioned
HASKONING, Royal Dutch Consulting Engineers and Architects in association with DELFT HYDRAULICS

and BETS, Bangladesh Enaineerin~ and Technological Services, to carry out the Meghna River
Protec.on Short Term study, Ainanced under the Credit IDA BD-1870, Part D.



The objectives of the study are-

—

10 provide short term measures for Protection against erosion for 7 locations on the Meghna
river and one location on the Dhaleswari: '

a coherent and phased programme of works, aiming at the control of
€rosion on the defined stretches of the rivers Meghna and Dhaleswari. The Protection of the
locations indicateqd above should logically fit in thig

The Meghna River Bank Protection Short Term Study, is now one of the main Components of the Flood
Action Plan for Bangladesh (FAP-gB. MEGHNA LB PROTECTION PROJECT), as included in the Review
Report FPCO, December, 1990.

It has been recognised that during the Inception Phase, due to the i ~ aiid international Situation
from November 1990 to February 1991, delays were experienced, hampering the normal development
of the activities planned. Therefore, activities in the cr*ical path of the study were delayed (i.g,
hydrometric surveys, geotechnical investigatfons. mode| Investigations at RRI).

- 10 carry out a ful feasibility study, detailed designs and Prepare tender documents for bank
Protection works at the following locations:

Bhairab Bazar Township ang Railway Bridge:
- Munshiganj Town located on the Dhaleswari River;

- Chandpur Town;

Haimchar:
to carry out only a pre-feasfbflity study for bank Protection works at-
- Meghna Roads & Highways Rridge;
. Maniknagar, part of Gumyi Phase Il Project.
This Final Report submitted in accordance with the (Revised) Terms d‘ Reference comprises all

(pre-) feasibility studies carried out as well as the detailed designs for bank protection works at the three
locations mentioned above,



1.3 ontents of the R rt

The Final Report (i.e the Feasibility Study Report) is presented in an Executive Summary, a Main Report
and eight Annexes, A to G and 1. : ;

Chapter 2 of the Main ™~ _.. seis out the approacr: to the study; Chapter 3 deals with engineering
investigations, and site assessments which have been carried out to arrive at optimum bank protection
designs; Chapter 4 discusses project designs.

Chapters 5 and 6 deal with risk analysis, probabilistic design, construction methods and programmes
all having a direct bearing on the Project Designs. Chapter 7 presents the environmental impact
assessment made. Monitoring and maintenance for the various projects proposed are considered in
Chapter 8.

These projects are costed in Chapter 8. Finally, their economic feasibility is evaluated (Chapter 10).

Most of the chapters in the Main Report have one or more supporting Annexes. These Annexes are
presented in six volumes (Il to VII) and are listed at the beginning of this volume. Certain Annexes are
accompanied by a series of Appendices containing detailed information or supporting data relevant to
the corresponding Annex. :

s



2. APPROACH TO THE STUDY
2.1 Introduction

The objectives of this Short-Term Study are, according to the Revised Terms of Reference, (May 1991):

to provide short-term measures for protection against erosion for seven locations on the Meghna
river and one location on the Dhaleswari;

to gradually implement a coherent and phased programme of works, aimed at the control of
erosion on the defined stretrhes =1 the river Meghna and Dhaleswari. The protection of the

As described in Chapter 1 of this Main Report the Inception Phase as well as the delays experienced
due to reasons outside Clients' and Consultants' control resulted in a priority ranking for studies and
designs to be carried out. Because of budget and time constraints it was agreed that Consultants in the
first instance would concentrate on three sites. For these three priority sites not only full feasibility
studies but also detailed designs and tender documents would be produced.

For two other sites only feasibility studies would be made and tender documents prepared while, finally,
for two sites only pre-feasibility studies were carried out.

2.2 Scope of the Problem

The sites to be considered in the Short-term Study can be divided into two different groups: the sites
along the Upper Meghna and the Dhaleswari River (Bhairab Bazar, Maniknagar, Meghna Road and

«dighway Bridge and Munshiganj) and the sites along the Lower Meghna (Eklashpur, Chandpur and

ifaimchar). The distinction between the Upper Meghna and Lower Meghna is evident.

Although having some sections with a system of various channels, the Upper Meghna can be
characterized as a river mainly meandering wi..1in a rather well defined high water bed and discharges

" 10 20,000 m3/s. This means that bank protection works at each of the sites can be considered rather
independently as long as thr v - .. utinto a more general master plan for the whole Upper Meghna.

' The Lower Meghna is, in fact, the continuation of the Padma River with peak discharges of the order of

150,000 m3/s. The river system is not only characterized by a wide river bed of several kilometres in
which various channels develop in combination with large propagating sand bars, but also by a gradual
shifting of the whole Lower Meghna in eastward direction. This means that the erosion problems of
Eklashpur, Chandpur and Haimchar originate mainly from this eastward shifting and that permanent
solutions for these sites have to be considered in relation to each other. It also means that short-term
bank protection works for the different sites can only be justified as part of the total river training scheme
for the Lower Meghna and that short-term measures require a long term commitment.

From the above it follows that the solution of the erosion problems of the sites along the Upper Meghna
and the Dhaleswari River can be looked at rather dependenﬂy The sites along the Lower Meghna,
however, are dealt with-as-an‘integrated bank erosion problem of the Lower Meghna River System. In

this respect a few explanatory comments should be made.

Eklashpur, Chandpur and Haimchar are situated on the left bank of the Meghna River, downstream of
the confluence of the Padma (Ganges) and the Upper Meghna River. The erosion processes at the |eft
bank are clearly related to the geomorphological development of the Padma and the Lower Meghna in
combination with a severe wave afttack.



The Padma River is about six times larger than the Meghna River and has shifted its course in northeast
direction joining at present the Meghna River near Eklashpur instead of at Chandpur. As a consequence,
the erosive force has increased at Eklashpur and may become more severe in the future. The Lower
Meghna has been eroding the left bank for more than a decade, showing a gradual shifting to the East,
and has engulfed a vast area of land at a very high erosion rate.

A definitive long term solution should be based on the long term geomorphological development of the
riversystem and will reqmr-training works designed in agreement with the Meghna River
Long Term Strategic Plan. The World Bank advocates such long term measures for erosion protection
in agreement with the results of the Meghna River Strategic Plan for which the Terms of Reference will
be drafted within the framework of the present Short-term Study.

The long-term solution for Eklashpur, Chandpur and Haimchar would require the complete training of
the river system downstream of the confluence at a very high expense. The investment costs have
tentatively been estimated of being between 500 and 800 Crore.

For short-term measures to be effective and not only temporary, they should fit into such a long term
solution. The execution of short-term measures can therefore onlv h~ =" _iive if it is ilumediately
associated with a commitment for the implementation of the !_..y «erm river training strategic plan, fo.
which, as stated above, studies still have to be made.

2.3 Considerations for the Short-term Study

2.3.1 Iterative Approach

Feasibility studies for infrastructural projects in general are made in order to demonstrate the technical
feasibility and economic viability of a Project as well as its effects on socio-economics and environment.
As part of these studies it is normal, as a first step, to collect data and to visit project sites. A second
step is to carry out site investigations and other surveys and to define and carry out model testing
(mathematical and physical). A third step would be the development of alternative designs followed by
costing and benefit evaluation.

In the case of the three priority sites a fourth step- (detailed design.of selected alternative(s) and a fifth
step (tender documents) have been made.

Preferably all five steps should be made consecutively. However, in practice this would mean that 18-24
months would be required. In reality only 14 months were available (incl. the two months lost due to the
situation in Bangladesh in November 1990 - February 1891). -

This problem was partly solved by adoption of the priority ranking of sites (Section 1.2). There was,
however, still a serious budget and time constraint for this Short-Term Study of 8 (eight !) different sites
along Meghna and Dhaleswari.

The only solution in such case is the iterative approach: activities which should be carried out
consecutively have now been carried out parallel to each other. It implies that many assumptions had
to be made which at a later date had to be corrected. Such an approach may work or it may not work.
In this case it worked for a number of study features but it did not work for the scale model testing at
RRI. In fact, the Consultants were still eagerly awaiting the report on these studies at the time final
designs and tender documents on the basis of earlier assumptions had to be made.
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23.2 Balanced Study Required

y
4

Another aspect of a Feasibility Study was the need to produce a balanced study. "Balanced" in this
context means that all aspects whi-' - ¢ relevant to the Study should be studied to a degree which
matches therr relative impunance in the Study. This implies for instance that the environmental effects
must definitely be looked at but also that their importance in bank protection works does not warrant
a comprehensive and detailed study. In this case an environmental impact assessment (EIA) will do.

The Study recognizes activities which are highly interrelated and dependent on each other (like

geotechnical investigation and design) but also isolated activities which can wait until the designs have
been completed (like EIA, monitoring and maintenance and tender documents).

233 Lack of Data

Finally, it always should be borne in mind that there is a general scarcity of reliable and comprehensive
data about the river system in Bangladesh. This concerns especially the development of plan forms, geo-
morphology, river morphology and environmental data. Such data are also lacking on, for instance, geo-
technics but here, by carrying out-site investigations, the situation can be remedied in a short period.

It must also be emphasized that for a medium size river like the Upper Meghna, a lack of data can be
overcome by correlation of certain parameters with these of other similar rivers elsewhere.

Obviously, this principle can not be adhered tn for the Lower Meghna. Here, not only the lack of data

is very great but also this river is one of the largest (no. 3 after Amazona and Congo) in the World. This
..t warrants a careful approach.

2.4 Data, Technical Surv n 1 T

2.4.1 Data and Site \'isits

Apart from collection of easy accessible data in the initial (Inception) Phase the Consultants have made
a great effort to collect additional data by means of site visits, surveys, and model testing.

Site visits were already made during the Reconnaissance Mission (August-September 1990). These visits
provided a good introduction to the erosion problems at the various sites.

24.2 Surveys
It was felt that geotechnical, topographic, bathymetrical and hydrometric surveys would be required and
these have subsequently been carried out in close co-operatnon with the Morphology Division of BWDB.
These surveys served the following purposes:

input for hydrological and morphological studies;

provision boundary limits and bathymetry for scale model testing;

plan of local situation and departure point for structural bank protection designs.

An important feature of the surveys was the timing of the bathymetric and hydrometric surveys.

This timing is of interest because of seasonal variations in river discharge and bed level as well as for
a timely input of data for the mathematical and model testing.



243 Scale Model Testing

After review of the different bank erosion problems it was felt th=* .. inoael investigations would be
required as follows:

(i) For Bhairab Bazar some additional tests would be made in the distorted flow field model at RRI.
The model which had been used for the study of conditions upstream of the Railway Bridge was
extended in order to study possible bank protection works at Bhairab Bazar also.

(i) For Chandpur a local scour model has been defined and constructed and used to study existing
bank erosion and to propose sound shart-term solutions.

(iii) For Eklashpur a local scour madel was constructed in order to study the connection and the

interrelationship of an eroding retreating bank with isolated bank protection works in front. The
results of such a Study are also relevant to the situation at Haimchar.

’ -

244 Mathematical Model Testing

The purpose of mathematical modelling in this case was to provide boundary conditions for scale model
investigations. '

This mathematical modelling would be based on present (field meé.surernent) and future bed topography.

The latter in turn was arrived at through morphological analysis in-eombination with professional
judgement. ‘ o _

For these mathematical model simulations a 2-dimension=! depth averaged flow field model was used
(see Annex E for more details).

25 tudi

251 Geomorphological Analysis

The geomorphological study was made to obtain a better understanding (read: sufficient for study
purposes !) of the geomorphological behaviour of the Meghna River:

- to allow for the design of short-term bank protection works along the Meghna River;
- to enable the drafting of the ToR for the study to establish a Long-Term Strategic Plan.

Moreover, insight was obtained in the celerity of bank erosion processes which in turn determined
whether measures would be required at short notice or not.

The analysis was only made after collection of maps, satellite images, soundings, results from earlier
mentioned surveys, etc.
25.2 - - —Hydrological Studies

Purpose of the hydrological studies was to determine hydrological boundary conditions for the design
of the bank protection works.

These boundary conditions for each of the seven sites considered, included:

flood levels for various return periods,
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water level range along the sites during the dry season,
- maximum flow velocities near the bank protection, and
wind speed and direction and wave data.

For further details reference is made to Section 3.7 and to Annex A.

e Design Studies

The design studies started.with the collection of topographic and bathymetric data. On the basis of the
site visits alternative solutions for bank protection works were then formulated and analyzed.

in the design studies the results of geotechnical investigations, surveys, hydrological and
geomorphological studies are used as a basis for the design. Moreover, features like available construc-
tion materials, design standards (deterministic or probabilistic approach) construction methods and
available equipment play an important role.

The Consultants carried out separate sub-studies for each of these features. Though the bank protection
works as proposed for the sites on the Upper Meghna are not unique in size and degree of difficulty to
construct, such works have so far never been made in Bangladesh at such scale and based on such
high quality of construction as now envisaged.

Bank protection works along the Lower Meghna and especially at Chandpur are definitely unique
because of the necessity to carry out dredging and hydraulic fill operations as well as slope protection
works at great depths and in high currents.

The application of the probabilistic approach in the design yields the opportunity to assess risks of failure
of various alternative measures, building materials and construction methods. It also results in most
cases in economical designs as over-dimensir 1ing is avoided.

254 Envirarii..cinal Impact Assessment

More and more nowadays an environmental impact assessment (EIA) has become an essential pan-of
any study concerned with infraestructural works. Also for this Meghna short-term study an EIA has been
made for all works (i.e erosion protection projects) envisaged. As will be explained in Chapter 7 it is not
easy to carry out an EIA in Bangladesh as most of the information one would like to have is lacking and
can not be collected in the limited study period. On the other hand the impact on the environment of
the type of works envisaged is rather limited which compensates for the lack of data.

Two objectives were formulated in the Terms of Reference:

= evaluation of potential negative impacts which river bank protection may have on the
environment; and

- proposition of measures to prevent, lessen or compensate the identified environmental impacts.

For further details reference is made to Chapter 7 and Annex |.

2.55 Monitoring and Maintenance

~we T.O.R. explicitly require the Consultants to prepare a detailed description of requirements for
monitoring and maintenar~- = .._. as the institutional and budgeting implications invoived. For further

. details reference is made to Chapter 8 and to Annex G.



2.6 i nomi¢ Eval ti

For an eyaluation of the real penefits of the project, information on the present and future situation
without project implementation will have to be compared with the situation after implementation of the
various short-term pank protection works.

This means that 2 set of baseline data had to be collected at the start of the project. This information
can be subdivided into several categories including agro-economic data, social and demographic data,
data on annual recurrent operation and maintenance costs of existing embankments, annual or regularly
occurring infrastructural damages and losses becausé of bank erosion, €tc. Such information was
collected from official statistical sources.

During the inception phase and afterwards, no substantial information ‘on these subjects could be
collected and analyzed. It appeared, MOrecver that oificial statistics are generally lacking. It means that
the depth to which the socio—economic anaiysis could oe conducted was seriously limited and that a
comparatively large part of the available time had 10 be spent in collecting basic information and making
profess’tona\ guesses.

Based on the site visits and the information collected, @ general inventon’ ~- * " e made of the interests
affected by the erosion problems: bridges, agricultural land, houses, godowns, shops, mills, tactories,
small industries, bazars, ghats, schools, government buildings, flood embankments, irrigation
infrastructure, pump houses, etc. Subsequently, however, socio-economic values of these interests and
the damages experienced due to erosion problems were quantiﬁed.

To estimate key information such as the value of infrastructuré in the different towns, the value of
irrigated and non-irrigated land at the different sites, the costs involved in maintenance and operation
of the infrastructure of the irrigation districts, etc, use was made in so far as possible, of socio-economic
studies already carried-out by the Department of Geography of the Jahangirnagar University, Savar,
Dhaka. '

In agreement with the Terms of Reference and in line with the findings of the Inception Phase the costs
and benefits of the short-term bank protection works will be determined in global rather than in detailed
terms.

27 Tender D ment

The tender documents for bank protection works to be carried out at the five sites (see Section 1.2) have
pbeen drawn up on the basis of ICB (international competitive bidding) as laid down by the World Bank
in its Guidelines for Procurement and in its Sample Bidding Documents for Procurement of Works
(September 1985). - o

The Consultants were recently (1989-90) involved in the drafting of tender documents for the river
training works for the Jamuna Bridge. This has enabled hem to prepare the tender documents the
Meghna bank protection works in an efficient way. Especially the Specification and Bill of Quantities have
been drawn up pearing in min ¢ nature and magnitude of the river engineering works concerned.
Departure point has been the © o .struction of these works by large international contractors specialized
in hydraulic gngineering and coastal works.

2.8 Terms of Reference 1o Establish the Meghna River Long-Term Strategic Plan

Terms of Reference have been drawn up for the Meghna River Long Term strategic Plan, aiming at a
long-term development plan within which the short-term river bank protection warks will fit.
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(2) indicate the influence of the various FAP and other previous and future Projects along the Upper

(3) determine the influence of river training works on the natural planform development, allowing

Lower Meghna Rivers:

(4) assist in Providing boundary conditions for river training works to be designed along the Upper
and Lower Meghna Rivers;

(5) generate the boundary conditions for the mathematical ang Physical mode| studies to be carried
Out 1o generate thege and other boundary conditions x

(6) provide the morphological data required for the evaluation of alternative methods for controlling
the Upper ang Lower Meghna Rivers, like large scale dredging floating vanes, etc using the

(7) identify long-term measures against river bank erosion, their relative priority and their technical
and economic feasibilny; )

\8) identify river training sphn~ - suitable for the Permanent protection of the river banks:

9) Prepare an implementation schedule for a phased implementation of sych training schemes ang
other measures to be taken:

10



3. ENGINEERING INVESTIGATIONS AND SITE ASSESSMENTS

3.1 General

The data collection, site investigations, surveys, analysis and desk studies carried out as part of the
engineering feasibility Study and for preparation of detailed designs and tender documents for bank
protection works at selected locations had larjely to be undertaken as parallel activities, although mostly
interrelated with each other.

These various activities -~ .puried in detail in the Annexes A, B and C to this Main Report and are
summarized briefly in this Chapter to assist an overall appreciation and understanding of the
interrelationships.

3.2 Geology

The project area is located on the eastern flank of the Indian Platform, in the transition (or hinge) zone
between the continental shelf and the Bengal Basin. The Meghna flows across this zone towards the

" Bengal Basin on deep sediments which overlie pre-cambrian basement rock, The basin is bounded by
the Dauki fault in the north, and the Tripura folded belt in the east. Both features are part of the orogenic
belt of the Himalayas, with continuing tectonic movements causing severe earthquakes in the region.
Regional tectonics are believed to determine the course of many rivers in Bangladesh.

The entire project area lies within the delta that has been formed by the deposition of sediments carried
by the Meghna (7 sites) and Dhaleswari (Munshiganj). There is only mirior topographical relief within the
project area. '

The top layer in the project area is made up of fluvial deposits of recent to sub-recent origin. Very fine
textured soils comprise the bulk portion of the project area while the remainder is moderately fine, with
a high silt content and a mica admixture as ~rominent features. )

3.3 ismicit e

The Bengal Basin is located in a seismically very active region. This clearly has a major influence on
the design of the proposed river bank protection works.

The seismic events affecting Bangladesh were studied by a Committee of Experts on Earthquake Hazard
Minimisation which published a report entitied “Seismic Zone Map of Bangladesh and Outline of a Code
for Earthquake Resistant Design of Structures” the Committee recommended Bangladesh to be Sub-
divided into three zones |, Il and Ill (Fig. 3.1).

The project area is situated in Zones |l & lll,. These zones were classified with basic horizontal seismic
coefficients of 0.05 and 0.04 respectively. Considering source distance of major earthquakes of the past,
being well over 100 km from any of the sites, a value of 0.05 as the basic horizontal seismic coefficient
for slope stability will be adopted.

1
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24 Geotechnical dat»
3.4.1 General

During the initial stages of the project study, geotechnical data were collected from various organizations
for the Meghna River Study. These data related to projects executed by BWDB, R & H Directorate,
Bangladesh Railway etc., as part of development activities, investigations and feasibility studies. These
data were evaluated to allow specifications to be drawn up for additional in-depth investigations in
support of this study.

Conclusions of the Inception Report gave priority to 4 out of 8 locations for an in-depth geotechnical
evaluation. These locations are at Bhairab Bazar Railway Bridge, Bhairab Bazar Town, Munshiganj and
Chandpur.

The site investigation comprised sinking of 8 bore holes (2 bore holes per site, depths of 20-30m). in
conjunction with sampling and Standard Penetration Testing. Extracted undisturbed and disturbed
samples were tested in the laboratory for strength properties, classification, granulometry and chemical
composition.

Stand pipe piezometers were installed, to monitor ground water level movements in relation to river
levels.

Additional site information w~=- _ ..cu from the visual inspection of the endangered sites and the
analysis oi topographic and bathymetric surveys, in order to ascertain the nature of the events taking
place. This information served to better identify the failure mechanisms taking place and enabled
definition of geotechnical design criteria.

The overall assessment and choice of design parameters, to allow slope stability analyses to be carried

out, was supplemented by data concerning the geological features and earthquake criteria attributed to
the project area. )

Detailed analyses and review of data are presented in Annex C, Geotechnical Investigations.

342 Slope stability considerations

It has been recognized that exposed slopes, mainly developed at the outer bends of the river bed, are
most pron2 to the effects of the erosive action of currents. Wave attack may further aggravate the
erosion of surface layers.

The visible effects of receding river banks, however, mainly originate in the events taking place below
water level. Here alternating effects of inwardly and outwardly directed water fiow perpendicular to the
slope surface, in conjunction with the erosive 7 stion of the current, contribute to temporary stability and
unbalance respectively (Fig. 3.2).

The latter p~enomencn ¢. . .. conditions of oversteep slopes and critical conditions where siope angles
of 1:1.5 and 1:1 can just be sustained. Applying slope protection, without changing slope angles, will
only suppress some of the erosion phenomena, while the slope itself will remain in a critical state, i.e
having a safety factor of n = 1. This overall slope stability behaviour is being referred to as macro slope
stability

Remedial works pursuing long lasting protection, should cater for flattening of slope angles and
reduction of the effects of alternating flow patterns as well as for wave attack. The reduction of the slops
anale will result in a reduction of the developed shear stresses, as origin of slope stability, with regard
to the ulumate shear resistance, which parameters have been derived from laboratory tests. The ratio
hetween those two shear stress parameters is denoted as the “safety factor” '
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Slope protection will serve to control the effects of currents, wave attack and alternating flow patterns,
to ensure that an overall stable slope angle will remain intact. This siope stability condition is being
referred to as micro slope stability.

Stable slopes can be defined, via introduction of a saisty factor, by limiting the magnitude of the
developed shear stress during a permanent loading condition. When allowing for the effects of e.g.
earthquake loading, as an incidental short term event. scme elasto-plastic deformations are regarded
acceptable. This means that a lower factor of safety can be accepted. Safety factors and loading
conditions reflecting international design recommendations are presented in the next paragraph.

Safety factors have to be taken into account for the overall slope and structural elements forming part
of that slope, i.e. the slope protection and underlying layers. The effect of earthquake loading, causing
the slope to move in relation to its base, will mainly result in displacements of the whole slope body. The
slope protection will form an integral part « * this body. Consequently, no seismic loading needs to be
allowed for when designing the slope protection.

Slope siubility anaiyses wil have to satisty the following safety factors:

n=15: for permanent loading (including effects of ground watar flow), governing macro and
micro-stability,
n=11: when allowing for the effect of earthquake loading as well but for macro-stability only.

The encountered layering per location served, when possible, to establish the likely course of failure.
Conseguently, specific layering may affect details of remedial works as well. It can be concluded that:

(i) The consistency of layering in general warrants the conclusion that the engineering
characteristics of present sites have been explored sufficiently,

(i) The evidence of 3 distinct layers within a stretch of 120km allows general design parameters 10
be established for each of\them.

The layer designation, neither defining sequence nor thickness, is presented below. Based on bore logs
and laboratory tests layers can be classified accordingly (Fig. 3.3 and 3.4).

Table 3.1 - LAYER DESIGNATION FOR MILACEOUS SAND AND SILT

Composition (%)
Laver Descrniption P sitt ol
I FINE SAND, with silt | 60-95 5-40 -
Il SILT, with f. sand and clay- : 5-40 60-80 2-10
I SILT, with f. sand and clay L 5-10 70-80 10-20

There is a general trend
sandy at greater depth. One
(1)) to a depth of approx. 30m. A similar, more iso

Bazar. at the location of the bank slide.
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35 Geomorphology

In the past (i.e. before 1780) the Brahmaputra River joined the Meghna at Bhairab Bazar, so the Meghna
carried also the discharge of the Brahmaputra. The actual discharge is therefore less than before the
major avulsion of the Brahmaputra.

In this respect it should be pointed out that the Upper and the Lower Meghna river are two completely
different rivers. In the past, when the Brahmaputra River still followed its old (Old Brahmaputra River)
course, the Lower Meghna River could be viewed as the downstream reach nf tha Upper Meg*na River.
This was the more so, because the Ganges River at that time ha~ _ _.,,crent outlet to the Bay of Bengal.
Nowadays, however, the Upper Meghna is just a smaller tributary to the Ganges/Jamuna-Padma-Lower
Meghna Rivers system, Hence, very often in this Report, t e Upper and the Lower Meghna have been
treated separately. Even more, for an understanding of the processes in the Lower Meghna one sheculd
include an analysis of the river processes in the Padma River, rather than consider the Upper Meghna

in this respect. This explains why often the lower reach of the Padma River has been included in the
analysis too.

The Upper Meghna fiows through probably, structurally, the most active par of the Bengal Basin,
notably the Sylhet depression. This Sylhet basin has subsided about 10 metres within the last several
hundred years. This subsidence may be a combination of compaction together with tectonic activity

is in fact an area which is inundated by the backwaters of the Ganges and the Jamuna. Because of the
high water levels in these rivers, the floods from the Syihet area do not have sufficient slope to be rapidly
evacuated to the bay of Bengal. This "impeded drainage" causes the floodwaters to accumulate in the
deeply flooded area, causing silting up, and so create an enormous basin which only gradually drains

into the Meghna. The prevailing morphological action in this upper catchment area is sedimentation
rather than erosion.

An interesting fact of the Upper Meghna is that branches of the river which are relatively unimportant
in the sense that they carry little water in comparison with the main channel, not seem to change over
the years as shown in Figure 3.5. For example at a certain point ~~- ___, wiany channels. Only one
channel carries a great deal of the total conveyance. The relatuve importance of this channel is great.
The other, relative unimportant, channels do not seem tc be filled up with sediment in a period of 8
years, although one expects that the velocity in these small channels will not be high. The depth of these
small channels is about 2 m. and seems to stay about 2 m.

The Lower Meghna is, in fact, the continuation of the Padma River with peak discharges in the order of
150.000 m3/s. The river system is characterized by a wide river bed of several Kilometres in which
various channels develop in combination with large propagating sand bars (locally called chars). Going
downstream, the Padma increases its width just before the confluence with the upper Meghna. Together
with this increase in width, the dimensions of the chars in the floodplain of the Padma increase. The

subject to tidal influence. During' low fiows in the Lower Meghna River the tidal range near the
confluence with the Upper Meghna is about 0.4 m.

To get a clear view of the morphological changes of the Lower Meghna the satellite “thick" images of
the available years were compared with each other. To do this the different Images have to be on the
same scale and water levels have to be approximately equal. Applying the procedure described in Annex
B Section B.3.4, ensured that these conditions were approximately fulfilled.
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In this study the available ("historical") data were collected and some surveys were done to do additional
measurements. The collected data consisted of maps, sateliite images, soundings, sediment transport
data in addition to the hydrological data. Additional measurements were carried out during surveys in
February and September of 1991. During these surveys mainly soundings were made for use in the
physical and mathematical modelling, but these data were also useful for the present Study as they
provided quite detailed information. Also bed samples were taken during these surveys and the samples
were analyzed at RRI (River Research Institute in Faridpur). Due to a number of reasons this data
collection phase extended to September 1991.

Satellite images did not reveal significant changes. Changes which were visible on the different images
were very small, too small to ascribe them to erosion or sedimentation processes rather than differences
in scale of the different satellite images. Erosion of the river bank does occur at the Upper Meghna, but
Is so small that studies on the basis of the available data reveal no clear picture of the extent of erosion
and sedimentation.

3.6 River Morphology =

The technical study of the river morphology was required to improve the understanding of riverine
processes in Bangladesh' major rivers in general and in t' 2 Meghna River in particular.

Two main issues have a direct bearing on the design of the proposed bank protection projects :
future planform development of the river at and near the various bank protection sites.
- maximum scour that may occur at the foundation level of the bank protection works.

Though some major bridges and bank protection works have been constructed in the past on the
Meghna River the designs for these works were in general not based on extensive surveys and
measurements.

This is understandable as :

- data collection in developing countries does not always have high priority and is usually carried
out over a short period only as part of a study for a specific project;

- data collection on a large river especially when it is a very wide river with various channels in
combination with large propagating sand bars as the Lower Meghna is particularly cumbersome,
difficult and expensive. n

Because of time and budget constraints is was not possible fui uus Short-Term Study to organise anc
execute an elaborate programme of surveys and measi'rements. If that had been possible a better
understanding of scour development (specially at Chanapur) and planform development would have
resulted. Nevertheless, Consultants are satisfied that sufficient data have been collected and analyzed
to allow forecasting of riverine processes (partly as a consequence of implementation of proposed bank
protection works) with a reasonable degree of accuracy.

Possible overall trends of the planform changes of the Upper Meghna River were studied on the basis
of maps, satellite images and BWDB cross-sections. Satellite images are available since 1973, whereas
the available BWDB cross-sections cover only the last 10 years. Only the maps cover a much longer
period, but the large time intervals between the maps and their inaccuracy make the interpretation more
difficult.

Use was made of all the available information, notably old maps, satellite images, BWDB soundings,
BIWTA sounding charts and other informaticn. Also quite extensively use was made of the resuits of a

study carried out fairly recently by Galay (1980), which attempted to analyze the changes in the Lower
Meghna River too.



Comparison of the available maps reveals definite changes. When the course of the Upper Meghna in
1960 is compared with the course in 1776, e decrease in size of the river channel is clearly visible
=urthermore it can be noticed that the number of parallel channels has decreased significantly.
Nevertheless the presr~' __pel Meghna course is approximately corresponding with previous
Brahmaputra channels: This is-slightly amazing as it was noted that in a braided river like the Jamuna
River the channel pattern changes quickly while it is not certain that the major avulsion of the
Brahmaputra River occurred in a very short time and immediately after the preparation of Rennell's map.
Therefore some doubt is present as to the foregoing conclusion. Furthermore it should be realized that
the comparison between these two maps is not reliable as a result of the limited accuracy of the Ren-
nell's map (not being based on aerial photography).

Comparison of the other available maps (1860, 1953 and 1960) does reveal changes in the Upper
* .2ghna course (see Annex B Figure B.5.2). Near the confluence Dhaleswari - Upper Meghna the some
major changes can be identified clearly:

(1) In the Dhaleswari River upstream of the confluence with the Lakhya River the evolution of a
cutoff can be followed: between 1860 and 1953 the bend radius of the bend just upstream of
the Lakhya junction decreases, resulting in a cut off; in 1960 the old channel has been
abandoned.

(2) The bends of the channel just upstream of the Dhaleswari - Upper Meghna confluence become
more pronounced, as the bend radii become smaller.

Other changes have also occurred but the iccuracy of the maps does not allow to draw definitive
conclusions. Analysis of the available cross-sections showed that planform properties and location of
the river banks have not chan~~-" ... Four cross sections are analyzed in a more extensive way. In
one of the cross sections, (M#14), a shifting of the 50 % conveyance point was significant. This shifting,
however, was not of a systematic nature: the 50 % conveyance point moved in either of the two possible
directions (to the right or to the left bank). Other available cross-sections were also analyzed and it
appeared that location, width and depth remained the same (Figure 3.6).

For easy reference the following observations regarding the channel and bar system in the
Padma/Meghna River system are repeated here:

- Plan form characteristics of th» Upper Meghna have remained essentially the same over the last
decades. Special mention should be made of the confluence of Dhaleswari and Upper Meghna.
Here the Dhaleswari shows a tendency of gradual widening during the last 15 years.

The overall trend of the planform movement of the Lower Meghna River is different from the
Upper Meghna River, where changes of the planform are minor only, in the Lower Meghna River
major changes are taking place. .

The present morphology at the confiuence of the Padma and Lower Meghna Rivers is such that
the width of the cross-sections increases considerably before the confluence, leading to a
decrease of stream velocity and consequently the generation of large chars. These chars
influence the course of the channels Erosion on the upstream end and sedimentation on the
downstream end of the chars result in the downstream movement of the chars through the
Padma River, into the dire~ti~= _i the confluence. Figure 3.7 shows the major changes due to
tr> flood 1974 | Zwiay 1980)

Because it was found that these bank line changes are closely related to the movement of the system
of channels and bars in the combined Padma/Lower Maghna system, the whole system from Mawa
along the Padma River down to Haimchar in the South was considered.

At the confluence the three rivers (the Padma, Upper Meghna and Lower Meghna Rivers) are

determining the conditions. The discharge of the Upper Meghna River is relatively small in comparison
1o the other rivers, but its influence is not negligible. Chars entering the mouth of the Upper Meghna
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River are being eroded by this river. In other words, a char in the Padma River can not block the Upper
Meghna, hence there will always be a northern channel. This in contrast to what happens at the southern
side, where a char can block the southern channel. This forces the river to convey the total discharge
through one channel, which is located at the northern side and causes erosion near Eklashpur.
Upstream of this char another char usually develops at the northern side, forcing the channel to flow
more to the south and thus eroding the char which is present at the southern side of the floodplain. This
process is going on until a cutoff takes place. The width of the channel at Chandpur is decreasing as
a result of sedimentation on the right bank of the river, and the Lower Meghna River is becoming deeper.

From the above combined analysis of satellite images, old maps, soundings and cross sections the

following conclusions may be drawn: '

(1) chars migrate in the Padma River until they reach the * -wwiisiream the contluence, then
the migration stops, and the char is being eroded:

(2) the position of a char, upstream of the confluence. is being taken in by the next char within a
period of some 15 years;

(3) there has been a considerable amount of erosion at the left bank of the Padma and the Lower
Meghna between 1952 and 1990:

- the erosion at the left bank near Eklashpur amounts about 3.25 km,
- the erosion at the left bank near Chandpur amounts about 2.75 km.

(4) in the period 1952-1990 the erosion of the left bank near Eklashpur has not been constant: in
certain years erosion is not noticeable, while in other years the erosion rate is very large;

(5) the width and depth of the channel at Chandpur are correlated to and depend on the number
of channels upstream and their angle of approach:;

(6) the banks of the lowest reach of the Jpper Meghna remain at the same location, no herizontal
erosion is noticeable between 1982 and 1990;

(7) due to stabilization of the left bank at Chandpur after 10~ _ _,ion is noticeaole on the
available satellite images:

(8) erosion in vertical direction has continued after 1980, as was deduced from the comparison of
the cross-sections at the Chandpur site.

Concluding it can be stated that the overall trend of the planform of the Lower Meghna near the
contiuence of the Padma River with the Upper Meghna River is a continuous movement in eastern
direction. This is accomplished by continuous bank erosion along the long bend of the Lower Meghna
river in southern direction. The location of the bank erosion varies depending cn the channel pattern in
the Padma River and seems to vary with a periodicity of some 15 years. It may well be that the cutoff
of the channel south of Chandpur is the way the Lower Meghna River is trying to cope with the
continuous movement of the upper reach in eastern direction. The changes of the upstream channel of
Chandpur are presented in a simplified form in Figure 3.8.
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3.6.1 Scour Process

Local phenomena (like bends, confluences, constrictions, etc.) may cause large scour depths in alluvial
rivers. These scour holes may threaten the bank protection works already present or to be constructed
in the future. This Chapter analyses the various types of scour that occur in the Upper Meghna and the
Lower Meghna Rivers. The main purpose of this analysis is to provide tools to estimate the maximum
scour depth for the different proposed bank protection works. The tools can be used to generate design
conditions, The results of the present analysis. in combination with predictions of the future planform of

the river near the sites to be protected, will be used to generate these design boundary conditions in
Annex G.

A distinction can be made between general scour and scour that occurs more locally. General scour
Is the reaction of the river on changes in its boundary conditions, like aggradation or degradation owing
1o accelerated soil erosion, sea level rise, cutoffs of bends etc.

- General scour (i.e. lowering of the bed level due to changes and developments in the
catchment) will most probably only occur on a limited scale. Based on experience obtained with
a large 1-dimensional model for the Jamuna Bridge Phase Il Studies the Consultants estimate
for the Upper and Lower Meghna an averall negligible effect and some aggradation respectively

(Fig. 3.9).
Table 3.2 POSSIBLE GENERAL SCOUR (AGGRALAIION) AS CAUSED BY OUTWARL
CONTROLS
Possible cause Effect on
Upper Meghna Lower Meghna
Shifting of Brahmaputra R. possible aggradation no effect
Sinking away of Hoar area scour negligible effect
Accelerated soil erosion no effect no effect
rlood embankments possibly scour possibly scour
Sea level rise aggradation aggradation
Diversion of water slight aggradation negligible effect

Constriction scour occurs if the width of an alluvial river is constricted over a substantial length.
This may inter alia be caused by bank protection works. The effect of the constriction will be
that the depth increases and usually the siope in the constricted river reach decreases.
Equations developed earlier for the Jamuna River can also be used to calculate constriction
scour in the Upper Meghna. For Bhairab Bazar this type of scour will be in the order of 2.5 m.

Quter bend scour is the type of scour that develops in the ot~ = ~= of river ber 4s. On the
basis of soundings made in the recent past it could .. __.cluded that in the Upper Meghr-
River this type of scour is approximately 2 times smaller than would follow form the theory. Far
Bhairab Bazar 27.5 m was found.

Confluence scour in general is less important for bank protection works as it usually occurs
away from river banks.

Protrusion scour is due to protrusions causing major scour holes. Chandpur, an the Lower

Meghna is only exampie of such protrusion scour but because of its magnitude here, its effect

is extreme. Near Chandpur the deepest scour holes are found upstream of the protrusion. This

distinguishes protrusion scour also from local scour, the Iatter normally being found downstream

of structures. For Chandpur 60.0 (m -PWD) was found as a combination of outer bend scour
_ and protrusion scour.
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Red form scour is related to the possibility of deep troughs being formed downstream of the
crests of bed forms. Field observations learnt that bed forms are almost absent on Upper and
Lower Meghna or disappear during floods. For the Upper and Lower Meghna this type of scour
can be neglected.

Local scour is the scour caused by rman-made structures. in bank protection works local scour
near groynes, guide bunds, protrusions and along revetments is of interest.

At Bhairab Bazar this type of scour in combination with the other types will give a total scour
in the order of 42 m.

Befare making an estimate of the future conditions at the Chandpur site, it seems appropriate
to review the local conditions and to provide somic data on measured scour depths in the past.
Chandpur is located where the Dnakatia River enters into the Lower Meghna River. The part of
Chandpur North of the confluence is called Nutan Bazar, while the Southern part near the river
is called Puran Bazar. The different components of the total scour observed at Chandpur were
analyzed, and an overview is provided in Tabie 3.3. From this Table it can be concluded that
the mechanisms that cause scour are not constant in time, but that over the years the total
scour depth is composed of the different types of scour in different proportions. At Chandpur,
by combining outer bend scour and protrusion scour the local scour, during a 1:100 years flood
is expected to be about 63 m - PWD.

TABLE B.3.3 TYPES OF SCOUR ACTIVE AT CHANDPUR OVER THE YEARS

Year Types of scour active ')

Nutan Bazar Puran Bazar

GS BS CFS PS LS GS CS BS CFSs PS LS
1364 small no no yes no small no no no no yes
1958 small yes no yes no mall  no no no no yes
1970 small yes no yes no small no no no no yes
1971 small no no no no small  no no no no ?
1875 small ves yes yes no small no no no no yes
1976 small ves no yes no small no no no no yes
1977 small  yes no no ne small no no yes no yes
1983 small yes no yes yes small no no no no yes
1684 small no no yes no small no no no no ves
1986 small yes no yes no small  no no no no yes
1989 small no no yes no small yes no no no yes
1990 small no yes yes no small vyes no yes no yes
1991 small no yes yes no small yes no yes no yes

Explanation of abbreviations: ~ GS = general scour
CS = constriction scour
BS = outer bend scour
CFS = confluence scour
PS = protrusion scour
LS = local scour
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3.7 Hydrol

Knowledge of the hydrology of the Meghna river and its catchment is essential for the development of
designs. Parameters like : .

- Flood levels having return peri'c':ds upto 100 years;

- water level range;

- hydraulic head difference across the bank protection;
maximum flow velocities near the bank protection;

are determined for eacn. or the selected sites.

These parameters in turn are used to calculate ;

- scour depths in front of the bank protection works;
size of units to be used for revetments, or groynes;

- flood levels and duration curves for water levels and discharges in relation to construction
periods (Fig. 3.10 and 3.11)

top level of bank protection works.
In Table 3.3 flood levels at the protection sites for 50 and 100 years return periods are given.

Table 3.3 FLOOD LEVELS AT THE PROTECTION SITES FOR 50 AND
100 YEARS RETURN PERIODS

Return Period
Site
Chainage 50 years " 100 years

— km u/s d/s " u/s d/s
Bhairab Bazar 7.5-9.0 7.66 7.62 7.83 7.79
Maniknagar 31.0-37.0 7.220 L "TA0 7.39 7.27
Meghna R & H Bridge 88.0 - 88.0 B.42 6.42 6.59 6.59
Munshiganj (Dhaleswari) 8.0-4.0 6.41 6.32 6.60 6.51
Eklashpur 114.0 - 123.0 5.80 5.58 +5.93 5.69
Chandpur 134.0 - 137.0 5.31 5.25 5.40 5.32
Haimchar 147.0 - 154.5 5.02 4.86 5.09 4.91

All levels are in m+PWD

Table 3.4 presents the standard low (SLW) and standard high (SHW) water levels for the various sites.
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Table 3.4 STANDARD LOW AND STANDARD HIGH WATER LEVELS AND
95 AND 5% EXCEEDANCE LEVELS EXTREMES

Station Name Code SLW SHW 95 % 5%
Bhairab Bazar 273 0.71 8.57 1.16 (1.31) 7.44 (6.50)
Nabinagar 298 0.65 7.63 1.09 7.08
Narsingdi 1650 0.62 7.11 0.88 ' 6.71
Baidyar Bazar 275 059 6.49 0.92 6.12
Meghna ferry ghat 2755 0.73 6.34 1.03 (1.22) . 5.96 (5.38)
Satnal 276 0.55 6.04 0.90 5.60
Chandpur 1640 0.19 516 . 055(1.02) 4.59 (4.22)
Nilkamal 277.3 0.73 4.79 095  _ 4.09.

For detailed information on flow velocities under different circu........wes reference is made to Annex A,

3.8 Climatology
3.8.1 Wind

In Bangladesh two wind systems generate extreme high wind velocities leading to the design wind
speeds for the determination of design waves: -

- 'Nor-Wester' thunderstorm squalls, and

- cyclones

High wind speeds in Bangladesh are most commonly associated with the 'Nor-Wester' thunderstorm
squalls, generally occurring within the season April - June, though also possible between March and
September. The classic pattern is a rapid rise in speed accompanied by a swing in direction, followed
by a progressive decay over about half an hour. There is, however, a range of variation; the higher
speeds are probably associated with shorter durations. However, more complex events, particularly at
the lower speed levels, do also occur.

Very high winds may also occur as a result of the incursion inland of tropical cvclones from the Bay of
Bengal, although these are rare events. Cyclonic storms occurint=-  _ «iu past monsoon period (i.e.
April-May and October-November), with a general direction of the tracks South-East to South. The
average number of cyclones affecting any part of Banglad: ;h is about three in any ten-year period, and
each such cyclone will only cause very high winds over a small fraction of this area.
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3.8.2 Climate

Bangladesh has a typical tropical monsoon climate. Three basic types of weather can be distinguished:
the cool season form November till February;
the hot season from March till May and;
the rai;w season from June till September.

The rainfall varies from 20 mm/month to 900 mm/month. The maximum rainfall occurs in the months
of July and August.

The mavimum temper .. vawwes vary from 25-C upto 33°C whereas the minimum values vary
between 15°C and 25-C. TheTelative humidity varies between 75 % and 90 %.

3.9 Topographical and Hydrographic Surveys

The project sites along the Upper Meghna en Lower Meghna have been the subject of mapping during
both the dry and fiood season of 1991,

Up to date mapping of ground surface and river channels is essential for:

- a good Linderstanding of hydrological and morphological processes and likely changes following
construction of the protection;

- the selection of horizontal alignments of protection works and river training works;
- lay out of protection works and river training works;

- bed topography for both physical and mathematical modelling;

- costing of the works at the various project sites.

During the period Janua~' 1°~" | ~ugust 1991 the following surveys have been undertaken and data
collecteq: Sh ¢ -

topographic surveys (longitudinal profiles, cross sections) of the alignment of approaches and
existing protection works and the existing infrastructure at Bhairab Bazar, Munshigan]j and
Chandpur;

- hydrographic surveys to asses the various morphological phenomena including bed sampling,
velocity measurements and the preparation of cross sections for Upper Meghna, Bhairab Bazar,
and Lower Meghna, from Mawa to Haimchar. Surveys have been carried out during the dry
season, January to February 1991 and during the flood season, August 1991.

Landsat and SPOT imageries for the Upper and Lower Meghna. These were used for the
Geomorphological Study and various other design purposes.

No separate Annex has been dedicated to the aforementioned surveys as the results have been used

throughout the project for technical studies. These studies are reported upon in the Annexes and the
surveys as such do not warrant specific separate reporting.

.33

ae



3.10 Local Materials

3.10.1 General

In view of the magnitude of the proposed bank protection works no detailed investigations were required
to assess the availability in terms of guality and quantity of local construction materials. In this respect
t should also be noted that the Consultants took part in the extensive materials survey carried out in
relation to the design and future construction of the Jamuna Multipurpose Bridge. They are therefore well
aware of the nature and availability of local construction materials.

Below, some comments are made about the local materials of which significant quantities will be
required for the envisaged bank pratection works.

Other local materials like bricks, bullah, reed, bamboo, jute sticks after extraction of the fibres, jute

(gunny) bags, rope will be required as well but they do not require specific attention in the context of
this Feasibility Report.

3.10.2 Sand

Delivery of sand for the production of concrete will not be a problem. Often a mixture of 'local’ sand and
Svinet sand is used to arrive at the proper grading.

All sand in Bangladesh has a rather high mica content, while often a high percentage of fines (diameter
less than 0.063 mm) is present.

3.10:3 Boulders

Boulders are widely available in Sylhet and. to a lesser extent, in the Rangpur area. Most of the supply
is likely to come from Sylhet, where boulder collection is a seasonal activity. Experience in the past has
learnt that when orders are timely placed a quantity of 100,000 m3 of boulders can be delivered to site
in approximately 6 manths, but not without certain problems. Such large orders do disturb the market
equilibrium and force prices upward. Boulders can be used for protection of both the upper and lower
parts of the slope (single boulders, gabion mattresses, sack gabions).

3.10.4 Cement

Cement is availabie from sources in Bangladesh. The quantity of this cement is limited, however. Cement
would be necessary for production of concrete blocks or cement blocks

3.10.5 Rock

The only places were suitable rock is found at (near) surface level is in the Chittagong Hill Tracts and
West Bengal: but problems may occur with supply and transport. The existing infrastructure and security
situation will probably make it difficult to obtain large quantities of rock in a short time from this area:
the only way is to import it from, for instance, India or Malaysia or neighbouring countries. Rock from
India would have to be transported by train. From Malaysia, from existing quarries, the required
gradings could easily be obtained and transported by barge to Bangladesh.

3.10.6 Bitumen

Bitumen is produced in Chittagong (East Refineries) and can be used for the production of open stone
asphalt.
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4. PROJECT DESIGNS

4.1 General -

The sites which have been considered in this Short-Term Study can be divided into two groups, those
along Upper Meghna.and Dhaleswari and those along the Lower Meghna:

Upper Meghna - Bhairab Bazar *)
and Dhaleswari
- Maniknagar
Meghna Roads and Highways Bridge
Munshiganj *)
Lower Meghna - Eklashpur
Chandpur *)

Haimchar

*) priority sites

Although the Upper Me~h~- " __ sume stretches with a system of various channels it still can be
characterized as a mainly meandering river having a rather well defined high water bed and having peak
discharges up to 20,000 m*/s. ' '

The Lower Meghna conveys the discharges of Upper Meghna and Padma. Peak discharges aie in the
order of 170,000 m®/s and the erosion processes along its left bank (where the three aforementioned
sites are situated) are related to geo-morphological development of both Padma and Upper Meghna but
also to wave attack.

Bank protection works at sites along the Upper Meghna will not have a significant impact on the river
regime as a whole. The situation is, however, different along the Lower Meghna. Here, the river has been
eroding the left bank for more than a decade which has resulted in a gradual shifting of this bank to the
easl. As a consequence thereof erosion forces are corfsiderable at all three sites mentioned above. Any
successful effort to stop erosion at one or more sites will have an effect, either positive or negative, on
the erosion pattern and magnitude upstream and downstream of this (these) site(s). As aiready stated
in Chapter 2, in the absence of a Long Term Strategic Plan for bank protection along the Lower Meghna
such effects will have to be accepted if the sites have to be protected in the very near future.

As explained in Chapter 1 detailed designs for bank protection works have been prepared for three
priority sites only (marked in the table above with an asterisk). For the other 4 sites feasibility level or
pre-feasibility level designs were made. Ac~ ardingly, in this Chapter more design details are presented

for the three priority sites than for the others. '

The locaiions of all seven sites are shown on the map preceding this report.

4.2 Design Alternatives

421 Approach

The general design approach has been elaborated upon in Chapter 2. As part of this approach
alternative solutions for bank protection works at the various sites have to be genearated, evaluated and
a preliminary selection made. Subsequently, the selected alternatives are considered in greater detail

35



and dimensioned on the basis of known constraints (boundary limits), design loading, construction
materials etc.

In this Section the alternative solutions which in principle are available for bank protection works at
individual sites are discussed and a first selection made.

422 Bhairab Bazar

At Bhairab Bazar protection works are required for Bhaira. Bazar Town (right bank) and for the Railway
Bridge which crosses the Upper Meghna at this location, just upstream of the Town (Fig. 474). Deep
scouring near the right bank both upstream and downstream of the Railway Bridge has resulted in stee
(instable) underwater slopes and bank slides.

Recently, Bangladesh Railway has carried out protection works to prevent development of unacceptable
scour holes near the bridge piers.

Any solution considered should basically satisfy two criteria:

- to prevent geotechnical instability of land areas near Bhairab Bazar Town and Ferry
Ghat;

- to prevent development of scour holes near the piers of the Railway Bridge.

Consequently, seven alternative solutions were formulated which can be summarized as follows:

(1) maintain present conditions;
(2) overall revetment along existing (right) bank and between pigfs:
(3) ditto but along an advanced right bank and between piers;

(4) groyne u/s Railway Bridge:

5 series of groynes u/s Railway Bridge;
(6) short groyne u/s Railway Bridge, sill between piers, guide bund along bank u/s of bridge;
(7) bed protection at Railway Bridge, sill between piers and guide bund as (6).

The basic difference between a revetment (alternatives 1, 2, 3) and groynes is that by constructing a
revetment one accepts scour and high current velocities immediately in front of the revetment at the right
bank whiie a groyne or groynes will divert the flow from the attacked bank and thus preclude erosion
due to high currents and scour. However, a groyne (or groynes) create a problem somewhere else (here

at the piers of the Railway Bridge and at the left bank) which in turn requires new protection measures
(bank protection, sill),

After due consideration, taking into account the results of scale model testing, it was decided 1o select
alternatives (2) and (3) for further elaboratior:.

423 - Maniknagar o =

In the case of Maniknagar (Fig. 4.2) the erosion along 16 km lenygin of a large outer river bend threaten.
to encroach onto the future alignment for the flood embankment. The latter would be part of the Gumti
Phase Il, Irrigation Project. At present the (left) bank line is at a distance of 300 m of the {future)
embankment and the average annual erosion, though different from place to place, may well have
reached the alignment within the next decade.
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Four alternative “solutions” have been considered:

(1) maintain bank line in outer bend by protec;lion works i.e. either a continuous revetment or a
series of groynes;

(2) deviate the river flow frorn the left bank by creating a channel along the right bank;

(3) construct the projected flood embankment for Gumti Phase Il 'Project at a retired alignment;

(4) after due consideration alternative (2) was rejected as it would hamper navigation. !t was also

considered that alternative (3) would require more detailed study or studies as part of Gumti
Phase Il designs. Consequently, oniy alternatives (2) and (4) were retained as solutions to be
studied at pre-feasibility leve!

424 Meghna Roads and Highways Bridge

The left bank abutment of the R&H Bridge is located at an eroding bend (Fig. 4.3). Erosion during the

last five years amounted to 40-50 m p.a. This erosion is due to shifting of the main channel to the left

bank.

Moreover, construction of the Bridge together with flow concentration has led to constriction scour in

the river bed under the Bridge. A deep scour hole now located left of the former ferry ghat approaches
piers numbers 8 and 9@ which in due course may endanger the Bridge' integrity.

Possible protection works may result either in a short term or in a long term solution of the erosion
problems.

Short term in this connection means protection of the bridge’ substructure (piers, abmménts) without
trying to contral the river flow.

Alternative solutions in this respect are:
(1) bed protection around the piers by neans of stone dumping:

(2) extended bank nrate~*" . eft abutment by placing sheetpiles; concrete filled mattresses and
gabion dumping. —

Long term solutions would imply river training i.e. preventing further erosion u/s and d/s of the Bridge
which erosion could be followed by outflanking.

Within the context of this Short Term Study only pre-feasibility designs will be prepared tfor long-term
solution as it is felt that short-term measures are (still) the responsibility of the bridge contractor.

In this respect the following alternative solutions were reviewed:

(1) protection of ferry ghat and vortex areas;

(2) ditto but also groyne of 200 m length upstream of Bridge;
(3) spurdyke which guides the flow lines.

4.25 Munshiganj

Munshiganj Town is situated at the right bar'- of the Dhaleswari river near its confluence with the Upper
Meghna.
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The situation is in so far different from sites discussed in the preceding sections that at Munshiganj (a)
erosion occurs at both banks and (b) this erosion is due 1@ wave attack during high river stages and not
to bank parts sliding into deeply scoured river channels (Fig. 4.4). There is in fact a foreshore in front
of the river bank' Consequently, for any proposed protection measures the purposﬂémlﬂ‘ﬁé."

(i) o prevent development of scour in front of foreshore,
(ii) 1o prevent erosion due to wave attack,

Based on the principle of an overall revetment three alternative solutions were formulated:

(i) a design based on BWDB designs;

(ii) protection of foreshore at existing bank line;

(ifi) protection on re-constructed embankment.

Finally. a combination of alternatives (2) and (3) was selected for the final ~~- _- . As much as possible
the existing embankment is used and by means of cut and fill = _...avle slope is created on to which

the revetment can be made.

4286 Eklashpur

Eklashpur is situated at the left bank of the Lower Meghna, near the confluence of Padma and Meghna
(Fig. 4.2). Erosion has gone on for more than a decade and is due both to current and wave action.

Because of the local impact of both Padma and Meghna rivers the geo-morphological situation is
complex and without an in-depth overall study of the geo-morphology of the Padma and Meghna rivers
it is impossible to forecast with reasonable accuracy what will happen during the next decades. To
overcome this problem a range of alternative solutions was defined which show an increasing degree
of intervention in the existing erosion and flow pattern,

In all cases the aim is to prevent local collapse of the flood embankment surrounding the Meghna
Dhonagoda Irrigation Project.

The alternative solutions considered arg:

) protection of existing embankment by means of a deeply founded revetment;
(2) construction of a retired embankment, for the time beinn -us fevetment;
(3) a banana shaped guide bund protecting a bank Ii » stretch in addition to the stretch of river

bank defended according to BWDB design;

(4) a groyne placed under an angle with the embankment' axis (length 600 m, location 2 km u/s
of Eklashpur).

The selection finally made was apart from cost and other considerations based as extensive scale model|
testing carried out (Annex D).

427 Chandpur

The Chandpur township consisting of Puran Bazar and Nutan Bazar is located at the left bank of the
Lower Meghna (Fig. 4.6). The town is bisected by the Dakatia river.
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The left bank of the Meghna u/s and-d/s of Chandpur has been eroding continuously for the past 20
years. Emergency works have been carried out in the past and are being carried out today to protect
Chandpur against the erosive forces of the L wer Meghna. . :

Inese emergency works had thr=-  4s in common:

- the designs were not to the standard required for this very difficult situation:

construction was not carried out in such manner that the under water protection could fulfill its
task; '

- construction elements were placed on eroding, oversteep and, thus, unstable slopes.

The conclusions as well as the reasons behind it are presented in greater detail in Annex G, Section
G.2.2.3.1. Here it suffices to state that the emergency measures so far have had a very limited life time.

Any design and construction concept for a durable protection of Chandpur Town should be based on
the following principles:

slopes must be stable under various conditions;

- protective elements and corresponding filter layers must be able to withstand erosive forces of
currents and, to a lesser degree, wave attack:

- provision must be made for scour denths in excess of the river depth prevailing at the time of
construction;

- construction mu-' __ according to the ciesigns made by using the right kind of equipment,
approved and suitable working methods and quality control. y

The oversteep underwater slopes, the remains of various pratective layers placed haphazardly in the past

as well as the expected future increase in scour depth preclude the implementation of a simple cheap
solution.

These considerations as well as-many others (see Annex G, Section G.2.2.3.1) have prompted the
Consultants to analyze the following alternative solutions for a durable protection of Chandpur Town:

(1) protective layers on existing siopes improving on present slope angles by cut and fill:

(2) advanced protection concept which involves the construction of a new bank line, at some
distance from the present bank line at Nutan Bazar, or Puran Bazar or both;

(3) series of 2 groynes in front of Nutan Bazar:
(4) groyne u/s of Chandpur;
(5) submerged sand sausages placed in upstream direction u/s of Chandpur.

Some of these solutions (e.g. (4), (5)) can be considered as long term solutions having a "regional”
effect. The other solutions are ~* ____al nature, do not require additional comprehensive river studies
and can be implemented in the_near future. As it was felt that Chandpur is most benefitted by a quick
solution alternative (2) i.e. advanced protection of Nutan Bazar was selected for further elaboration. This
protection will also protect Puran Bazar against scour.

In addition at Puran Bazar in any case measures have to be taken against wave attack.
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After the aforementioned alternative solutions had been formulated the Consultants were asked to
consider also "emergency measures" for Chandpur Town. In fact this would concern measures whcih
could be implemented within one dry season (1991-1992). The warious aspects involved in such
measures are discussed in Chapter G.3 of Annex G in greater detail **_ _ Jertails in this Main Report
can be found in Section 4.5.7.

428 Haimchar

Haimchar is situated about 20 km south of. Chandpur Town at the left bank of the Lower Meghna (Fig.
4.7).\The river width is approx. 10 km and since 1929 ongoing erosion of the left bank has been
“feported. At present the rate of erosion is about 200 m p.a. This has led to the construction of retired
flood embankments protecting the Chandpur Irngatlon Prcnect Not only scour but aiso wave artack is
(causing the erosion. .- o

The following alternative solutions have been formulated:

(1 a revetment protecting the existing bank;
(2) a retired embankment protectad by a deeply founded revetment;
(3) groynes u/s of Haimchar which should deviate the flow from Haimchar.

Considerations for further selection will be presented in Section 4.5.8.

4.3 Design Data
4.3.1 General

The design data required for the design of the bank protection works have been established on the basis
of:

(i) field observations and measurements;
(ii) analyses of same as presented in Annexes A, B and C;
(iii) physical and mathematical modelling (Annexes D, E).

Part of the design data was already presented in Chapter 3, other significant design data are presented

below in order to give an impression of the scope of the problems. For complete information reference
is made to the relevant Annexes.

43.2 Hydrologic Dat

Water levels for various return periods were already tabled in Section 3.7. Dtscharges and current
velocities are presented in Tables 4.1 and 4.2. -
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Table 4.1: DISCHARGES UPPER AND LOWER tAEGHNA (in m3/s)
. _ >y
Return period Upper Meghna Lower Meghna
(years) ’ -
Bhairab Bazar | Maniknagar | R&H Bridge
10 16.500 *) *] * 137,000
25 18,000 ) *) 151,000
50 19,200 19,700 19,700 161,800
100 20.300 20,720 20,900 172,250 -

*) values not determined.

Table 4.2: ¥ MAXIMUM CURRENT VELOCITIES ON UPPER AND LOWER MEGHNA (m/s)
Return periég Upper Meghna Lower Meghna
ears -
(years) Bhairab | Manik- | Munshi- | R&H | Chand- | EKlash- | Haim-
Bazar nagar | ganj Bridge | pur pur char
10 1.46 %) *) *) - 252 ) *)
25 1567 %) k) ) 2.76 *) *)
50 1.67 1.26 1.74 1.31 2.93 *) *
100 1.75 1.32 1.84 1.36 3.10 1.90 1.90
™) values not determined.
4.3.3 technical Data and Characteristi

In Section 3.4 the composition of three distinct layers has already been given (Table 3.1).

From Arnnex C design cata are summarized below concerning shear strength, piezometric head ~

differences, permeability and grain sizes.
(a) hear stren arameters

Triaxial tests, consolidated-undrained, were carried out to establish shear strength parameters.
Anisotropic consolidation (K = 0.44), allowing for the prevailing normally consolidated in-situ stress
conditions, was adopted for specimen preparation. Taking into account that slope stability analysis must
be based on long term behaviour shear strength parameters were szlected. The results are presented
in Table 4.3.
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Table 4.3: SHEAR STRENGTH PARAMETERS FOR LONG TERM LOADING

Layer Description o'(%) c'(kN/m?)
| Fine sand, with silt 27 -
Il Silt, with sand & some clay 25 -
1] Silt, with clay & some sand 20 10

The separate analysis of the stability of the protective layer, assumed to be infinite, should take due
account of the composition of underlying layers:

- when coarse backfil has been used an angle of internal friction of ¢' = 30° is used,
otherwise an angle of internal friction of 25" should be 2=~ " o,

when geotextile is installed, having a friction?! resistance most likely not exceeding 25°, this
layer may become a slope angle governing construction element.

(b) Piezometric head difference and ground water gradient in slope

Based on the readings during the month of April 1991 the following approximate differences between
piezometric head and river level have been monitored:

- Bhairab Bazar H=35m
Meghna R&H Bridge H=35m
Munshiganj H=275m

The differences in piezometric heads will result in the development of outwardly directed ground water
flow, defined via its gradient.

In a natural “critical* unprotected slope the gradient perpendicular to the slope "i* may become 1 at the
free water level, causing collapse of the layers above.

In a design slope (1:3.5) with open protection, such as boulders, gradients will be reduced dramatically.
The design gradient will be on average 0.04.

(c) Permeability
The following characteristic values have been derived:

K soil in 10° m/s

Bhairab Bazar 3.51
Munshiganj 3.49
R&H Bridge 0.016
Chandpur-Nutan Bazar 0.060
Chandpur-Puran Bazar 0.016
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(d) - Grain sizes
The following characteristic val'~ "_. Ug, from borings were determined:
. Do in 10° m (um)
Bhairab Bazar 60
Munshiganj 40
R&H Bridge 80
Chandpur 90
4.3.4 Waves

Waves at the site would either be generated by wind or by ships. Data on wind waves were not
available. Based on wind data from the meteorological stations Dhaka and Chandpur, predictions of the
wind waves have been made. Waves generated by ships have also been considered.

The data were retrieved from the Hydrological Study, Annex A. The available data comprise monthly
maximum wind speed data of the stations Comilla and Dhaka.

For wave attack a dominant wind direction of NE has been considered with a duration of 15 minutes.
Wind velocities are listed in Table 4.4. For the fetch length it is considered that maximum wind velocities
will occur from April till June, hence the fetch length in that case will be 2,000 m for sites on the Upper
Meghna and 7,000 m for sites on the Lower Meghna. For the water depth average value of 10 to 30 m
are selected. With Bretschneiders f~rmula for wave generation a significant wave height has been
calculated for various ' _ ., penods (Tables 4.4 and 4.5).

Table 4.4: WIND AND WAVE CHARACTERISTICS UPPER MEGHNA

Return Wind velocity  Significant wave Wave period
period (m/s) heights H, (m) T, (s)

(years)

1 15.20 0.54 2.68
10 20.40 0.76 : 312 .
100 25.60 0.28 x 3.51

Table 4.5: WIND AND WAVE CHARACTERISTICS LOWER MEGHNA (CHANDPUR).

Return period Wind velocity  Significant wave Wave period
(years) (m/s) heights H, \.n) T, (s)

1 8 0.42 2.55
10 16 B B 0.96 3.7
100 20 1.25 418

>
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For cognpleteness sake it is recalled that ship traffic on the Upper and Lower Meghna may induce wave
action. However, these waves will not be higher than 0.50 m and are of minor importance if compared
to wind induced waves. S 5 ¥ Z2l

4.4 Design Considerations and Parameters

441 Study Obijectives

#s elaborated upon in Chapter 2 the objectives of the Study are:

(i) to provide short term measures for protection against erosion at seven locations along
Upper and Lower Meghna and one location on the Dhaleswari:

(ii) to gradually implement erosion control on the rivers Meghina and ‘Dhaleswari (i.e. river
training). o
442 Causes of Erosion

Bank erosion is caused by one or more of the following reasons:

= scour near the exposed bank resulting in an oversteep geotechnically unstable bank slope
which in turn will lead to slides; (in many cases the slides are prompted by rapidiy falling
water levels in the rivers which lead to ground water flows increasing the instability)

= wave attack;

- removal of soil particles from the underwater bank slom~ ..y CUrTENLS.

443 Protection Measures

In principle there are two methods to prevent erosion of the exposed bank:

- to accept the "environmental" loads (scour, waves, currents) and to protect the bank
against these attacks by introducing gentle siopes lined with erosion resistant material;

- to divert the major part of the aforementioned attack from the exposed bank by means of
groynes or other measures; the attack in this context is mainly the attack caused by
shifting river channels. It is obvious that such groynes will themselves be subject to the
environmental loads.

It will depend on the magnitude of the bank protection works (i.e. length of bank line protected, shape

and length of guide bund, length and number of groynes) whether one may speak of a local measure
or of river training.

The local measure will only protect the site concerned (for instance Bhairab Bazar Township) but in the
long term may (note: not necessarily will) lead to further erosion upstream and downstream of the

protected site and even to outflanking. However, this measure is clearty in line with objective (i) as given
above. |

River training is a more comprehensive way of keeping erosion at bay: In this case not only the attacked
site is protected against further erosion but also the area. u/s and d/s of this location and in the long
term the river will not shift its banks or outflank the protection works.



~iver training is obviously in line with objective (i) but especially on the Lower Meghna it will require
much more study before the required expe~sive works can be defined and designed.

gummarizing, the designs presente- =i Je mainly short-term measures having a local impact only. They

may eith~~ be based o1 . _.puaiiCe of the local attack and will then counter this attack (revetment, lining
of the bank, guide bund) of om diversion of the scour-inducing river-channel (groyne(s)).

444 Modelling of the Meghna River

Apart from site investigations and assessment (Chapter 3) and design data (Chapter 4, Section 4.3) the
various alternative solutions for different locations as formulated in Section 4.2 of this Chapter must be
based on results of mathematical and/or physical (scale) model testing.

The mathematical modelling carried out within the context of this Study (reported upon in Annex E)
provided the boundary limits for the scale modelling. Upstream boundaries of the 2-D mathematical
mode! have been located at Mawa and Nilkamal. In general. the procedure for schematization implies
the determination of the mode! boundaries. The modelled area was exceptionally large {about 70 km in
length from Mawa 10 Haimchar) for this kind of 2D-hydrodynamic model simulations. Boundary
conditions, consequently. could have no effect on the computed flow fields in the areas covered by the
physical scale models. The upstream boundaries were on purpose |ocated at Mawa and Satnal, where
the rivers forms only one channel; hence, avoiding the need to specify a detailed flow direction and
distribution at this location. Nevertheless, a flow distribution according to the Chézy-equation was
imposed as upstream boundary condition. Flow distribution in the Padma immediately downstream of
Mawa did not adjust substantially, and the 1. posed boundary condition was therefore accepted. From
geo-morphological considerations, the worst case (future development) was selected for schematization
of the river channel in the 2.M _.. 1ne boundary layout and bed topography is shown in Figure 4.1.

The scale models have been constructed and tested in the River Research Institute in Faridpur. The
scale modelling should provide the following data:

- magnitude of local scour due to the presence of & hydraulic structure (revetment, groynes,
guide bund):

- maximum current velocities near the structure

- technical (i.e. river engineering) feasibility of a proposed solution as well as its
morphological consequences (it any). '

Various possible alternatives for river bank protection as well as for the location (layout), underwater
slope, alignment of the protection works, etc, were tested in the physical hydraulic models. Scale
modelling was carried out for three locations:
g Bhairab Bazar

Chandpur

Eklashpur

The scalr ratio, distrcl - wawtOf and the dimension of the models are mentionned in Annex D and
Appendix D/1. -

For Bhairab Bazar a distorted scale model was constructed to study the flow field from 3 km upstream
of the Railway Bridge near Bhairab Bazar up to 2 km downstream of this Railway Bridge. Three
alternative solutions to reduce the bank erosion at Bhairab Bazar town along the right bank of the Upper
Meghna River were studied. These alternatives are: a continuous bank protection downstream of the
Railway Bridge along the right bank, a sil between the first three piers of the railway bridge and a
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In order to study the local scour process in front of Chandp., . pan of the Lower Meghna River ne.
Chandpur with 3 length of about 5 km and a width of about 1.5 km was modelled at a length scale of
1.in 150. The non-distorted scale model has one mew.n upstream inflow boundary, a small inflow
boundary representing the flow over the char along the left bank upstream of Chandpur, a smal| Inflow
from the Dakatia river and one outflow boundary some kilometres eownstream of Chandpur.

For Eklashpur, a part of the Lower Meghna River from the confluence of the Padma River with the Upper
Meghna River to a few Kilometres downstream of Eklashpur and a width of about 1.5 km was modelled
ata length scale of 1 in 150. The non-distorted model has either three or four inflow boundaries and one

outflow boundary with different tailgates. The discharge distribution along the inflow boundaries was
obtained from the mathematical model study.

4.4.5 Other Design Considerationg

Apart from ‘environmental" loads and boundary conditions like scour, waves and current velocities and
the impact of Proposed hydraulic Structures on the flow pattern and morphology, the design should take
into account such issues as:

site specific constraints;

- risk analysis and related probabilities of failure of the sita specrific protection ‘vorks as a
whole and of its cemponents:

- origin, characteristics, availability and cost f construction materials;

The risk analysis and related failure probabilities will be the subject of a separate chapter as jts
application is a relatively new feature in river engineering projects,
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Obviously, not each solution to protect a particular site against erosion satisfies non-quantifiable criteria
in the same way.

By introducing the concept of multi criteria analysis (MCA) for final selection of a project design for
Bhairab Bazar, a basis for final selection other than in monetary terms is presented. Such an analysis
has also been considered for other sites but ultimately were not required as the selection process In
those cases was rther straight forward.

4.5 Desians for Protection Works at Selected Sites
451 General

Bearing in mind all data and considerations presented in the foregoing Chapters and in the Sections of
this Chapter designs will now be discussed for the alternative solutions selected for further consideration
in Section 4.2 of this Chapter.

45.2 Bhairab Bazar
(a) Alternatives

In Section 4.2.2 it was stated that after due consideration two alternatives, out of seven presented, were
selected for further elaboration:

(2) overall protection along existing (right) bank,

(3) ditto, but now along advanced bank.
"Advanced” in this respect means fill placing on the existing slopes. On the sloping part of this fill a
revetment will be placed. This will provide adeqlﬂ”@m_nw@e during construction, it will enable a

smooth bank line to be canstructed and, finally, it will add a valuable reclaimed area to the township at
large.

(b) Scour depth

The choice of these alternatives for further elaboration implies that maximum scour to be expected in
front of the new 1,689 m long bank line is a major point of departure for the design.

In Annexes B, D and G to this Report it is demonstrated that scour will hn - - —possd of;

. constriction scour ' 28. m
- bend scour 27m
- local scour 15. m

The local scour seems to be dominant over all other forms of scour. However, the extent of local scour
is to a certain degree dependent on the initial depth which in turn depends on the two other forms of
scour. For a deterministic design the value of 42 m below water level (at a 1:100 years flood) can be
accepted. This is a depth of 33.19 m - PWD. A scour depth determined in a probabilistic manner will be
given in Chapter 5.

(c) metry of bank protection

Fill is placed in front of the existing protection by hydraulic means or otherwise. During the construction
season current velocities will be low (in the order of 0.2 m/s). The aim is to have slopes after fill placing
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which are as steep as possible (1-7 i« 2xpected). It is however also possible to construct successively
a number of containm- . _uius (Fig. 4.8) and fill the compartments with dredged sand.

After trimming of the fill to a slope of 1:3:5 the revetments can be placed.

In the case of alternative (2) the elevation of the top of the bank protection will be between 2 m + PWD
and 7.5 m + PWD. The advanced bank protection (alternative (3)) has an elevation of 7.80 m + PWD
i.e. the level of 1:100 years flood.

(d) Design parameters

For the design of the bank protection important design parameters are current velocity, wave-height,

geotechnical characteristics and stability of the fill mass.

The current velocity ﬁsed in the design of the revetment has been determined in the scale model test
(Annex E) for a 1:100 year flood. This implies a discharge of 22,000 m®/s and a current velocity (in the
vertical over the bank) of 1.85 m/s. For the wave height a value of 0.98 m was calculated (Table 4.4)
(frequency 1:100 years).

Extensive slope stability analysis (Annex C) showed for a 1:3.5 slope at Bhairab Bazar safety values of
1.55 and 1.14. The latter is found when seismic activity is taken into account. Minimum acceptable
values were 1.50 and 1.10 respectively. Ti : selected slope angle of 1:3.5 does also meet the micro-

stability requirements. Stamlrry of an infinite slope will be governed by an angle of internal friction of ¢’
= 27°.

(e) I rotection alternativ

For the protection of a soil mass one may select either a "closed” or an “open" revetment. Because of
rapidly falling water levels in the river causing ground water flow towards the river, a closed revetment
is not preferred. Therefore only "open” structures will be considered.

The Consultants have carried out an extensive review of possible open revetment structures. In this
review a distinction was made between:

- protection above water,
- protection under water: sloping part,
- protection under water: falling apron section,

By means of a multi-criteria analysis (MCA) the following slope protection aiternatmes were analyzed for
each case: -

- boulders or rock on geotextile:
- concrete cement blorke ~laced on a filter;
- concrete block mattresses;
- bound or grouted aggregates;
wire or gabion mattresses filled with boulders;

fabric mattresses filled with sand or cement.
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The MCA was based on four criteria:

= functional requirements:;
quality assurance
maintenance
construction aspects

For protection above water it was found that open stone asphalt was best suited to withstand wave

attack and that it also satisfied the other criteria provided certain conditions (e.g. an experienced
contractor) were met.

For protection under water boulders on a fascine mattress was selected.

Finally, for the falling apron section: boulders having a proper grading without underlying geotextile
would be applied.

For all details on the MCA reference is made to Section G.1.5.2 of Annex G to this Report as well as 1o
Appendix G/1.

() Dimensioning of revetment elements

In first instance dimensioning of revetment elements has been based on a deterministic design method.
Later on a probabilistic design method will be applied to optimize the designs (Chapter 5).

The formulas used have been developed in tne the Netherlands after extensive research, model and
prototype tests and applied in the large Delta Project and Rotterdam's Harbour Europoort. More recently
they have been used for the design of the river training works for the proposed-Jamuna Bridge.

Dimensioning of revetment elements above water must be based on currents as well as on wave attack
while dimensioning of under water revetment elements cen be solely based on current velocities.

Based on the deterministic design method the following dimensions resulted:

- open stone asphalt from 3 m + PWD up to 7.80 m + PWD (top) having a layer thickness
of 0.15 m on a filter of synthetic woven fabric.

» boulders from 3 m + PWD down to (on average) 25m-PWD having a D,, = 0.15 m and a
layer thickness of 0.30 m. The boulders are dumped on a fascine mattress consisting of
a composite geotextile with a framework of bamboo poles and reed fascines (note that this
type of mattresses was successfully applied in Bangladesh for the Feni Dam closure in
1985).

At the toe of the slope revetment a faliing apron is applied to anticipate future scour to the calculated
maximum depth.

The principle of the falling apron is well known in the sub-continent and it was successiully applied at
the Hardinge Bridge. It will also be applied in the river training works for the Jamuna Bridge. For this
falling apron a grading of boulders has to be selected which contains a sufficient quantity of rock
suitable to individually resist the current forces.

-

For more details on the above reference is made to Annex G =7 ..... neport.

The two alternative designs developed are presented on . igs. 4.9 and 4.10.
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453 Maniknagar

In Section 4.2.3 it was concluded 1hat)g-|1y two alternative solutions out of four solutions formulated

warranted further consideration with the context of this Short Term Study:

(1) maintain bank line in outer be~4 by protection works ie. either a continuous revetment or
a series of groynes;

(4) do nothiiyg i 11e near future,
For (1) pre-feasibility level designs have been made (see Figure G.1.5.7 in Annex G).
However, bearing in mind that (i) the erosion rate is reach the embankment. of the Dhonagoda Irrination

Project only after, say, 45 years and (ii) the low value of the benefits, the Consultants propose to do
nothing in the near future at Maniknagar. :

4.5.4 Meahna Roads and Highways Bridge

In Section 4.2.4 it was suggested that short term solutions required to project the bridge press, its
abutments and approaches are the responsibility of the bridge contractor.

Three alternative long-term solutions were suggested:

(1) protection of ferry ghat and vortex areas;

(2) ditto but also groyne of 200 m length upstream of Bridge:

(3) spurdyke which guides the fic.v lines.

Though the effects on the - .5 of a groyne and a spurdyke are hard to predict without further

detailed study it must also be_realized that protective measures are urgently required for the Meghna
Roads & Highways Bridge. On the basis of (i) more favourable cost and (i) the future geo-morphological
development (Annex B) the alternative of the spurdyke consisting of sand cement stone was selected.

The core of sand cement stone will be protected by an armour layer of concrete blocks. The layer

thickness of (D=0.25) m cubes will be 0.50 m. Also here a falling apron will be required as the scour
depth could be 10 m in relation to the actual depth of 20 m (see Annex B for further deiails).

4.5.5 Munshiganj
(a) Selected alternative

In Section 4.2.5 it was stated that after due consideration a combination of alternatives (2) and (3) was
selected. This means in practice that as much as possible the existing embankment is used and by
means of cut and fill a suitable slope is created on to which the revetment is placed (Fig. 4.11).

(b) Boundary limits
The boundary limits are practically the sam- as for Bhairab Bazar. It implies that scour depth, current

velocities, geotechnical considerations and wave attack are the same as for Bhairab Bazar (see Section—
1.5.2).
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(c) Design of revetment

On the basis of (b) above it was decided to have a revetment uesign for Munshiganj which is equal to
that of Bhairab Bazar. Local topographic/bathymetric feati'-es may be slightly different but these do not
change the calculations performed earlier for Bhairab Bazar.

456 Eklashpur
(a) Alternatives

In Section 4.2.6 four alternative solutions were presented which show an increasing degree of
intervention in the existing erosion and flow pattern:

(1) protection of existing embankment by means of a deeply founded revetment;
(2) construction of a retired embankment, for the time being without revetment;
(3) a banana shaped guide bund protecting a bank line stretch in addition to the stretch of

river bank defended according to BWDB design;

(4) a groyne placed under an angle with the embankment' axis (length 600 m, location 2 km
u/s of Eklashpur).

After design drawings were made for the various alternativez |, ..ex G, Figures G.2.5.3, G.2.5.4)

preliminary cost estimates have been prepared taking into account that phasing of construction is
possible.

It was felt that Eklashpur is most benefitted by ‘a solution that can be implemented relatively quick and
is, of course, economically feasible. Accordingly alternative (1) was selected for further elaboration.

(b) Design and dimensigning

As the maximum current velocity (1.9 m/s according to physical madel tests, see Annex D) and the
maximum scour depths to be expected (10 m according to the aforementioned tests) at Eklashpur are
similar to those at Bhairab Bazar the same structural design of the revetment could be applied for
Eklashpur. The only difference with Bhairab Bazar is a heavier wave attack. Therefore the open stone
asphalt layer in the zone of wave attack will have a thickness of 0.20 m at Eklashpur.

It is possible to construct the protection works partly in the dry by excavating a trench. For further
details reference is made to Figures G.2.5.5 and G.2.5.6 of Annex G.

The protection as being carried out by BWDB is improved upon by extending the lower part by a
boulder mattress and a falling apron section.

457 Chandpur
(a) Alternative selected

in Section 4.2.7 various alternative solutions to protect Chandpur against erosion by wave attack and
current attack were discussed. An advanced protection of Nutan Bazar was selected for further
elaboration. In addition it was stated that this protection will also protect Puran Bazar against scour,

though to a lesser extent, and that this last location in any case needed a protection against wave
attack.
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As already mentioned in Section 4.2.7 GOB felt the need for a design of emergency works at Chandpur.
Emergency designs for the protection of the most critical areas are, however, generally not the result
of an optimisation of functional requirements, costs and benefits.

As discussed in Section 4.2.7 the Consultants had already selected and designed short term measures
for the protection of Chandpur. Consequently, the most convenient approach for the lay-out of the
emergency designs, was to design a structure which is part of the proposed short term measures and.
which can be integrated into the lay-out of the short term measures.

(b) Scour depth

Scour depths to be expected in front of a bank protection at Chandpur are unigue in the sense that
there are only a few river banks in the world which border channeis having a scour depth of 69 m (63
m -PWD). This figure is the combined result of two types of scour: outer bend scour and protrusion
scour. More details are presented in Annexes B, D and G.

c) Geometry of bank protentinn

Protection of Nutan Bazar will be by means of a banana shaped (in plan) bank protection which provides
a 25 m wide berm. This berm has its top at 540 m + PWD (water level 1:100 years flood 5.36 m +
PWD).

Emergency works at the same location would be similar in geometry but much shorter in developed
length as the emergency works would mainly protect the Mosque and the Railway Station at Nutan
Bazar. Figures 4.13 and 4.14 show the proposed protection works at Nutan Bazar and the emergency
warks respectively.

Other considerations are similar as to those presented for Bhairab Bazar (Section 4.5.2, paragraph (c)).

(d) Design Parameters

Current velocities foliow from the scale model testing (Annex D) carried out for various alternative
solutions at Chandpur. The maximum flow velocities found for the advanced protection in front of Nutan
Bazar:

at Nutan Bazar 3.5 m/s
at Puran Bazar 1.5 n/s

Secause of the protection works =* ' _,, Bazar the current is diverted from the Puran Bazar Bank which
explains :'.e lower vaiu. .wund 10r the current velocity.

Extensive slope stabiiity calculations (Annex C) showed for a 1:3.5 slope at Chandpur safety values of
1.68 - 1.76 and 1.22 - 1.27 depending on the location. Requirements (safety factors) were 1.5 and 1.1
respectively. The lower values take seismic activity into account. Also here a slope of 1:3.5 does satisfy
micro-stability requirements and the angle of internal friction is ¢'=27° for stability of an infinite slope.

(e) Slope protection alternatives

The considerations about open and closed type revetments as given for Bhairab Bazar (Section 4.5.2
paragraph (e)) apply also here. Also slope protection alternatives and criteria tested in a MCA and as
given for Bhairab Bazar do apply. The situation at Chandpur is however different from that ai Bhairab
Bazar: greater scour depth, large current velocities, greater exposure to wave attack. Consequentiy, the
MCA shows that rock is to be preferred for the revetment rather than boulaers:

protection above water: stone asphalt on a geotextile;
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protection under water: rock on a fascine mattress;
falling apron: rock having a proper grading without underlying geotextile.
For further details reference is made to Section G.2.5.3.2 of Annex G of this Report.

(f) Dimensioning of revetment elements

Also here firstly a deterministic design method has been applied. The outcome of the calculation was
as follows:

- open stone asphait from 2.50 rn + PWD up to 540 m - PWD (top) having a layer
thickness of 0.20 m on a filter of synthetic woven fabric;

- rock from 2.50 m + PWD down to an average bed leve! ~*~7 ... wD havinga L., = 0.35
m and a layer thickness of 0.70 m. The rock-is placed onto a fascine mattress by using
special stone placing equipment. Compos™ion of fascine mattress is” similar to that
proposed for Bhairab Bazar.

At the toe of the siope revetment a falliing apron is applied.

For further details reference is made to Annex G and to Fig. 4.12.

458 Haimchar

In Section 4.2.8 three alternative solutions were selected for further consideration for bank protection
at Haimechar:

(1) a revetment protecting the existing bank;
(2) a retired embankment protected by a deeply founded revetment;
(3) groynes u/s of Haimechar which should deviate the flow from Haimchar.

The situation is in so far similar to that at Eklashpur that also here construction of works can be phased.
After due consideration it was concluded that a combination of alternatives 1\ ~nd (2} is most Seneficial
for Haimchar.

Design, dimensioning and construction methods of the pr _tection works are similar to those envisaged

for Eklashpur but at Haimchar future scour depths will be 13 m -PWD in the present geo-morphological
situation.

As this situation is, however, expected to improve in future i.e. the erosion proves will decreased a scour
depths at 10 m -PWD was taken for the design of the falling apron (to be placed in the drawing as for
Eklashpur at the bottom of a trench at 7 m -PWD).

Other boundary conditions like flow velocities (1.9 m/s) and wave height (1.25 m) are the same as for
Haimchar.

For lay-out and a typical cross-section reference is made to Annex G, Figures G.2.5.15 and G.2.5.16.
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4.6 Analysis and Final Selection of Project Designs for Bhairab Bazar
4.6.1 General

For the sites of Bhairab Bazar two alternative designs were selected for further elaboration. As the details
of the design and its estimated construction costs and benefits are now known it is possible to make
the final selection.

As stated on Section 4.4.5 such selection is only necessary for Bhairab Bazar. For the other sites only
one design was selected for further elaboration.
46.2 Bhairab Bazar

It is recalled that two alternative solutions were identified as suitable for short term protection works at
Bhairab Bazar.

These alternatives were:

(2) overall protection along existing right bank and between bridge piers;
(3) ditto, but su.1i= works now advanced in order to create a smooth bank line and a reclaimed °

area immediately behind the bank line.

Selection must take place on the basis of quantifiable (costs, benefits) as well as on non-guantifiable
effects. The latter concern structural, construction, environmental and social aspects.’

When such a diversity of effects has to be judged it is difficult to make an objective choice.

By carrying out a multi criteria analysis (*CA) it is possible to obtain more insight in the relative
importance of individual effects for each alternative. For the technique to be applied in making a MCA
reference is made to Annex G, Section G.1.8 and Appendix G/1. Here, only the two tables (4.6 and 4.7)
for alternatives (2) and (3) respectively are presented in order to show: what primary and secondary
criteria have been used (columns 1, 3), the weightings of primary and secondary criteria (columns 2, 4
respectively), the suitability in points (column5) and the final score (column 6)..

Reference is made in this respect to the foregoing Sections of this Chapter as well as to Chapters 8 and 10
respectively.
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Table 46 CALCULATION OF SCORE FOR ALTERNATIVE |, BHAIRAB BAZAR
Primary criteria Z (%) | Secondary criteria X (%) Y W
Flexibility 24 Settlements 20 2 .60

Scour 40 2 19.20

Geotechnical 40 1 960

Durability 20 Erosion 40 3 24.00
Climate 30 2 12.00

Chemicals o 3 I 9.00

Biologic 15 2 6.00

Construction 18 Duration 40 2 14.40
Availability 20 0 0.00

Quality contral 40 1 7.20

Maintenance 13 Monitoring 40 1 5.20
Duration 20 2 5.20

Replacement 40 1 5.20

Environment 12 Pollution 40 2 9.60
Impact 50 1 6.00

geometry/colour 10 1 1.20

Human Factors 13 Vandalism 10 2 2.60
Social impact €0 0 0.00

Mishaps 3n 3.90
TOTAL 149.90

wnere:

X = weight of secondary criteria in %

Y

suitability of alternative in paints
Y =0 satisfies requirements almost not at all, to poorly

Y =1 satisfies requirements poorly to sufficiently
Y =2 satisfies requirements sufficiently to reasonably

Y =3 satisfies requirements reasonably to well
= weight of primary criteria in %

N
[

56



Table 4.7  CALCULATION NF ~~ _xE FOR ALTERNATIVE Il, BHAIRAB BAZAR

Primary criteria “| Z (%] | Secondary criteria X (%) Y .. W
Flexibility 24 Settlements 20 2 9.60
Scour 40 2 19.20
Geotechnical 40 3 28.80
Durability 20 Erosion 40 3 24.00
Climate 30 2 12.00
Chemicals 15 3 8.00
Biologic 15 2 6.00
Construclion- 18 Duration 40 3 21.60
Availability 20 3 10.80
Quality control 40 3 21.60
Maintenance 13 Monitorirn 40 2 1040
Duration 20 2 5.20
__ | Replacement 40 2 10.40
Environment 12 | Poliution 40 2 9.60
Impact 50 2 12.00
geometry/colour 10 1 1.20
Human Factors 13 Vandalism 10 2 2.60
Social impact 60 3 23.40
Mishaps 30 1 3.90
TOTAL 241.30
where:

X = weight of secondary criteria in %

Y = suitability of alternative in points
Y=0 satisfies requirements almost not at all, to poorly
Y=1 satisfies requirements poorly to sufficiently
Y=2 satisfies requirements sufficiently to reasonably
Y=3 satisfies requirements reasonably to well

Z = weight of primary criteria in %

The final result is shown in Table 4.8.
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Table 4.8: FINAL SELECTION SOLUTION FOR BHAIRAB BAZAR ON BASIS OF MCA, COST AND

BENEFITS
Alternative MCA  Costin Benefit in IRR — MCA - MCA x
Score million million gost T
usSs usSs

(2) ‘normal" bank 149.9 13.9 o 10.8

protection
(3) advanced bank 241.3 15.7 15.4

protection
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5. RISK ANALYSIS AND PROBABILISTIC DESIGN
5.1 General

Until recently civil and hydraulic engineering projects were designed on a purely deterministic basis. This
meant that a certain safety factor was applied, a design load selected without regard to the economic
consequences of these choices or to the possibilities of failure which existed. In many cases this meant

that a structure was over designed in one aspect and was therefore too costly but also that it had a '

good chance to collapse because anotner aspect (e.g. lack of maintenance) was neglected.

This omission was first felt in the ofishore industry and by the designers of airplanes and space craft.
It was then that risk analysis and related pr 1babilistic design methods were introduced.

Following the successful applicati~= ", uffshore projects and commercial aviation the risk analysis was
introduc=d in the Nethic..anus in large hydraulic engineering projects, i.e. the multi billion Eastern Scneldt
Storm Surge Barrier. -

it should be emphasized that introduction was only possible because of high capacity computers and
related software becoming available in the seventies.

The procedures and calculation methods developed in the Netherlands for risk analysis and probabilistic
design of hydraulic engineering projects were for the first time applied at a large scale in Bangladesh
for the design of the river training works for the Jamuna Bridge.

Also for the bank protection works at three priority sites along the Meghna River a ris!: analysis has been
carried out. '

As the application of this method is not yet standard a general introduction is presented below followed
by some figures as calculated for the bank protection works. Details on the risk analysis performed can
be found in Annex G, Sections G.1.5.4 and G.2.5.5.

5.2 Introduction into the Risk Analysis of Bank Protection Works
5.21 Objectives and Definitions
The objections of the riel ~~ |, 5.5 are:

- to define an a'cc,;eptable probability of failure of the bank protection;

- 1o identify and quantify th-e hazards _Of the bank protection;

- to integrate the design of the bank protections into other infrastructural works.

The three main elements in a risk analysis are hazard, mechanism and consequences. A risk analysis

starts with an inventory of the hazards and mechanisms. A mechanism is defined as the manner in which
the structure responds to a hazard as shown in the following scheme.
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preparing an iaventory :
of hazards

formulating the failure
mechanism

calculating the failure
probabilities :
i

quantifiving the
conseguences

]

risk = probability =x
conseguence

Figure 5.1 Elements of risk analysis

A combination of hazards and mechanisms leads, with a particular probability. to failure or collapse of
the structure or of its components parts.

Finally, the consequences of failure or collanse must be considered. In the event of failure of a bank
protection as a whole.the relevant damage characteristics, structural damage and duration of load must
be estimated. The probability of failure multiplied by the damage or loss constitutes the risk. For an
optimal design it is essential to weigh the risk against the cost of constructing a heavier structure.

3.2.2 Failure Modes

Bank protection along the Meghna River is constructed to protect the population and the economic
values against floods and shifts of the alignment of the river. Absolute safety is in principle impossible
to realize. Therefore it is much better to speak about the probability of failure of a certain protection
system. In Table 5.1 some possible modes of failure have been listed. All possible causes of failure have
to be analyzed and consequences determined. The so-called fault tree is ~ =~ 23 tool for this purpose.
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1able 5.1 POSSIBLE CAUSES OF FAILURE OF BANK PROTECTION

Possible failures to be anat - _

Bank instability

Toe scour

Transition between parts or systems

over topping

excessive movemen! of armour under current attack
excessive movement of armour under wave attack
settiement

loss of sub layer material through armour

loss of subsoil through geotextile filter

loss of grouting or binder materials

deterioration of geotextile filters

failure of cables

failure of pins or other connections

abrasion

corrosion of wire

chemical action

bed lowering by dredging or maintenance

plant growth

cattle

vandalism

An overall fault tree for = - ... Liutection is presented in Figure 5.2. In the following the design will be
restricted to the following failure modes, whicn will be analyzed thereafter: '

- geotechnical failure

micro instability
macro instability

- failure of the slope protection

instability of top layers
instability of fi'ter layers

The risk analysis is based on the fault tree presented in Figure 5.3. The specific sites of Bhairab Bazar
and Munshiganj have been considerec when this fault tree was prepared.

The fault tree is an essential part of the probabilistic design Approach which, as a rule, can only be
applied quantitatively at the design stage.-The said fault tree is a scheme in which events and their
consequences, or errors and their causes, which contribute to the failure, are arranged clearly.

523 Acceptable Probability of Failure

An acceptable probabuiny of failure for bank protection works is determined on the basis of Fig. 5.2. The
graph displayed in this figure shows generally accepted risk levels for various structyres and activities.

In view of the type of protection, magnitude of loads, cost of repair works and commercial interests
involved an acceptable failure probability has been determined:

- for bank protection works at toth Bhairab Bazar and Munshiganj: 0.5 x 10,

- for bank protection works at Chandpur: 0.25 x 10*,
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On this basis failure probabilities can then be distributed over the various branches (iLe.
events/consequences or errors/causes) of the fault trees (Figures 5.3 and 5.4).

This will not be discussed in detail. Two examples may suffice:

In slope stability calculations it was found that the safety factor is quite high if a slope 1:3.5 is
applied. Therefore the probability of failure will be quite low: 0.125 x _1{_1“"’;

far maintenance (or better: lack of maintenance) howr . ... railure to monitor and maintair
sound engineering judgement results in a high probability of failure: 2.0 x 10™.

Obviously such a high probability can only be counter acted upon by introducing a low
probability of failure for the chance that the erosion protection layer fails or local slope damage
occurs (see Fault tree, Fig. 5.3).

5.3 Probabilistic Calculaticns

53.1 General

No details will be presented here about the probabilistic calculations in which for instance Gumbel
extreme value type distribution or Gauss distributions are used as well as other related parameters and
methods common to statistical calculations.

Calculations by means of the probabilistic design methods can be found in Annex G Sections G.1.5.5
and G.2.5.6 and also in Appendices G/4 and G/5.

Three design loads have been used for testing (Ly means of the probabilistic method) the probability
of failure of the protective layer designed earlier (see for instance Section 4.5.2 (f) of Chapter 4). These
are: == . =

= scour depth

- current attack

- wave attack

5.3.2 Probabilistic Calculations for Bhairab Bazar and Munshiganj

For Bhairab Bazar and Munshiganj, Tables 5.2, 5.3 and 5.4 present the results for scour, current attack
and wave attack respectively.

't is shown that for:

- a scour depth of low,

- the design slope,

= slope diameter selected, and

=1 layer thickness of stone asphalt (0.15 m)

the probability a scour depth of 10 m, the design slopes, stc:.c w.aineter selected and layer thicknec-
of stone asphalt of 0.15 m the probability of failure is nowhere higher than the acceptabie ones following
from the fault tree.
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Table 5.2 RESULTS PROBABILISTIC CALCULATIONS EXPECTED SCOUR DEPTHS
Scour level referred to initial Probability of failure (- Acceptable brobabil'rty of
bed level (m) ) failure (-)
-19.00 9.39 10-2 1.20 10-1
Table 5.3 ¢ RESULTS OF PROBABILISTIC CALCULATIONS FOR CURRENT ATTACK AT
BHAIRAB BAZAR e
Section Slope | u(D50) (m) o(D50) Probability of fai- Acceptable proba-
(m) lure (1/year) bility of failure (1/y-
_ ' ear)
Falling 1:2 0.12 0.012 1.489*10-2 3.12*10-2
apron =
Lower part 1:35 0.06 0.006 2.42*10-2 3.12*10-2
Upper part 1:3.5 0.06 0.006 5.33*10-3 6.25*10-3
Table 5.4 RESULTS PROBABILISTIC CALCULATIONS WAVES (OPEN STONE ASPHALT)
Slope «(D50) (m) o(D50) (m) Probability of "Acceptable
failure probability of
(1/year) failure (1/year)
1:35 0.15 0.015 1.05*10-1 1.5%10-1
5.3.3 Probabilistic Calculations for ndpur

Similar calculations were done for the bank p->tection works designed for Chandpur. Tables 5.5, 5.6 and

5.7 refer.

Table 5.5

RESULTZ . .wUBABILISTIC CALCULATIONS EXPECTED SCOUR DEPTHS

Scour level referred to
initial bed level (m)

Probability of failure (-)

Acceptable probability of

failure (-)

-15.00

1.0*10-2

6.00 10-2

The value presented i << _,.,

open stone asphalt is . 1.5"10-1L
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Table 5.6 RESULTS OF PROBABILISTIC CALCU! ATIONS RESISTANCE AGAINST CURRENT
ATTACK
Section Slope u(D50) (m) =(D50) Probability of fai- Acceptable
(m) lure (1/year) probability of
failure (1/year)
Falling S i 0.35 0.035 B.0*10-3 1.5610-2
apron
Lower part 1585 0.35 0.035 8.9*10-3 1.56™10-2
Upper pait 1:3.5 0.35 0.035 1.5*10-3 3.13%10-3
Table 5.7 RESULTS PROBABILISTIC CALCULATIONS W/ VES (OPEN STONE ASPHALT)
Slope «(D50) (m) o(D50) (mj) Probability of “Acceptable
failure probability of
(1/year) failure (1/year)
1:3.5 0.20 0.020 B.75%10-2 1.5*10-1

2

open stone asphalt is 1.5%10-1
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G = . CONSTRUCTION METHODS AND PROGRAMME

6.1 General -

It is a known and accepted fact that the mighty rivers in Bangladesh in most cases during the past have
continued their morphological processes without being hindered by the works of mankind.

Only in a few cases (major bridges, a few towns) mankind has been able to more or less successfully
train a river at a local scale

Thanks to more detailed knowledge obtained recently about the morphological processes in Bangladesh'
rivers, development of advanced design methods in the Netherlands and, last but not least, modern
construction methods and equipment developed in offshore construction it is now possible to reslst bank
erosion by Bangladesh’ mtghty rivers.

Morphology and design have been discussed in other chapters and, in more detalil, in various Annexes.

*The importance of construction methods and related programmes for the proposed bank protection

- works along Upper and Lower Meghna is emphasized by dedicating a separate chapter to it.

6.2 Protection Works along Upper Meghna ' ~

6.2.1 = Experience Required

The sites along the Upper Meghna for which final designs have been prepared are: Bhairab Bazar and
Munshiganj. Two vital elements in the construction of new embankments or revetments at these sites
are: dredging and protection of slopes under water. The works have more in common: both should be
carried out in a relatively short time, mainly around the dry season. Preparations should be made in the
time preceding the dry season.

The inter-relation bete- < various construction activities is very critical. For instance the re-dredging
of a slope at Bhairab Bazarshould be followed immediately by the installation of slope protection
mattresses. It is cbvious that such a prbject can only successfully be completed by contractors who not
only have experience with all the elements of the wecrk, but also have the capability to plan and
coordinate all those elements.

There are no contractors in Bangladesh who have all the resources and experience to complete the
works on their own, even when they would join-forces. It is therefore inevitable that the works will be
executed under the responsibility and control of a foreign contractor with ample working experience in
similar works and with adequate equipment at hand or at his disposal.

Yet for the designs of the new embankments and slope protection works every effort has been made

to use as much local resources as possible. Also Bangladeshi contractors will have ample opportunity
to participate in the construction works, mainly in the capacity of suppliers and sub-contractors.

6.2.2 Dredaing and reclamation

(a) Bhair: r

To store his materials and to prepare slope ,.rotection mattresses, the Contractor requires an adequate
work area. Inspection of the site has revealed that there are no suitable areas available at the right bank.
On the other hand there 2n~- _ __ ue space at the left bank, just upstream of an area not so long ago
reclaimed for Petro Bangla. The Contractor's work area would have to be reclaimed with hydraulic fil
from the river. Filling can be done using a cutter suction dredger.
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The soil for the advanced protection at Bhairab is foreseen as hv=== "_ ... vus fis ‘4 be placed by
a cutter suction dredger, or by a small trailing suction hopper dredger. The under waler slope of the
hydraulic fill might nct be steeper than 1:7, which is too ge tle for the slope protection (too large an area
to be protected) and would reduce the cross sectional area of the Upper Meghna too much. Therefore
the underwater slopes will have to be re-dredged, as short as possibie prior to the placing of the fascine
mattresses. Only a well controlled cutter suction dredger is suitable for shaping the under water slopes.
As it is very costly to mobilise two different dredgers for the relatively small quantity of dredging work,
it is likely that the contractor will also use a cutter suction dredger for the other dredging activities.

(b) Munshiganj

For Munshiganj there are few options other than to abtain the required quantity of earth fill by dredging.
in view of the relatively high level of river bed adjacent to the bank, the fill may have to be placed initially
in one or more soil storage areas, from where it can be transported to its final destination using dry earth
maoving equipment. In this case the need to re-dredge too gentle slopes, which would result from under
water disposal of dredged soil, can be avoided, thus also avoiding the need to have a dredger on site
far a very long time. B

623 Slope protection mattresses

Generally, slope protection mattresses consist of a geotextile fabric_ with a cover of boulders. For
bringing the geotextile in place it will be necessary to prepare mattresse< =~ "junching ram.u. Bamboo
fascines have to be fixed to the geotextile to arrive at sufficic.i uuoyancy (necessary during transpor
and flexibility, without folding, etc. during the sinking of the mattress. Experience with the Feni River
Closure Dam has learned that the sinking can successfully be carried out making use of almost
exclusiveiy local resources, including labour, provided the management thereof is very strong.

6.2.4 Falling apron
Boulders for the falling apron can be applied using the same equipment and labour resources which will

be required for the dumping of boulders on the slope protection mattresses.

6.2.5 n stone halt

Open stone asphalt is a material which has probably nct been used before in Bangladesh. Yet it can be
made using fairly standard asphalt production plant, which is probably available in Bangladesh, and
almost exclusively local materials. The skills of making the upper part of revetments using this material
can probably be transferred to Bangladeshi contractors in the course of the project.

6.2.6 Containment bunds
Construction of an “advanced" protection in front of, for instan~  _..aua0 Bazar and Chandpur, making

use of hydraulically placed fill under water, and using a “safe” slope gradient of 1:3.5 may lead to posi-
construction settlements in case of liquefaction caused .y an earthquake. Attention should be given to
this phenomenon in the risk analysis (see Annex G). Should iiquefaction occur then this may theoretically
lead to a mass flow. However case histories of mass flows, particularly in the Netherlands (where loosely
packed fine sands abound in the southern provinces), indicate that such mass flows only occur when
steep slopes (say 1:1.5) over a substantial height are present along the length of an earth structure, like

a- dike or dam. The proposed slope gradient for the Meghna project (1:3.5) would appear to be
sufficiently conservative in this respect.

For the construction, under water, of the containment bunds, highly sophisticated equipment will be
required. Two types of floating equipment come hereby to mind: a stone dumper with highly controlled

81



sideways dumping or a work-ship equipped with a fall pipe; the end of the fall pipe may need to be
provided with a remotely controlled vehicle. Yet use of such equipment may be the only acceptable
possibility to achieve the required accuracy and to minimize the use of granular material. Use of less
accurate equipment can easily lead tc a substantially larger quantity of coarse material being required.

For placing of the bulk of the hydraulic fill use can be made of a cutter suction dredger or a self trailing
suction hopper dredger. In the latter case a small cutter suction dredger will still be required to place
hydraulic fill in the upper part of the new embankment, unless the hopper dredger would be provided
with a facility to pump fill material ashore.

6.3 Protection Works along Lower fMeghna

6.3.1 Chandpur Protection Works

The proposed protection works at Chandpur are rather unique. To the Consultant's knowledge no
reclamation and subsequent protection warks have ever been carried out in a riverine environment in
which such large depths and high current velocities occur. However the current velocities are not always
high: during the low flow season the |.ower Meghna is predominantly a tidal river. Current reversal
occurs to a point upstre=~ _.,.anapur. So by definition four times every day there will be a slack water
period which can, and should-be used for making fast progress with the works. Moreover the maximum
current velocities in the dry season do not exceed 0.5 mi/s near Chandpur.

Reclamation of the advanced protection will have to be done using containment bunds, behind which
the hydraulic fill has to be placed. The whole operation can only be carried out in stages. The thickness
of each layer will probably be about 3m, in order to reduce the quantity of coarse granular material
required for the construction of the containment bunds. This height should however not be prescribed
in the contract; it will only be used for cost estimating purposes.

In view of the large quantities of materials involved for the containment bunds; the rock on the fascine
mattresses and in the falling apron, and the relatively short construction window (say from November
till May) almost all materials will have to be produced and stockpiled near the works site. As no
sufficiently large area is available in or around Chandpur, it is envisaged that the contractor creates his
own work area by reclaiming it from the river.

The reclamation of the contractor's work area and the stockpiling of materials will probably take the

better part of a year, which has been refiected in the tentative work programme as indicated in Figure
6.2.

6.3.2 Containment bunds

The conwainment bunas nave only one function: to contain the hydraulic fill which would otherwise fiow
out at a toc gentle gradient. Re-dredging at such depths is not considered to be a viable option. The
achieve its purpose the material of the containment bund should be coarse granular material. Basically
' many materials could satisfy the performance requirements, like rock, boulders, bricks, etc. Most of such
materials will be rather costly. A cheaper solution may be found when using sand cement blocks.

While this material is probably not very durable, this is not a problem: after the construction of the
protective revetments (fascine mattress with rgck) a certain degree of disintegration is acceptable.

Sand cement blocks are perceived to be made from dredged sand, mixed with cement. A possible
production method may include the use of equipment which is normally used for cement stabilisation
in road construction. After mixing a layer of say 0.3m and a degree of hardening the mix can be cut and
after complete hardening the then formed blocks could be removed from the underground with a wheel-
loader or similar equipment. After removal the next layer can be treated in a similar fashion by the mixing
equipment.
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The contractor should however be free to select his own type of materials for the containment bunds
which satisfy the requirements.

For placing tne sand cement blocks, or other materials. in the containment bunds, ships or pontoons
equipped with a fall pipe will be required. At the end of the fall pipe a so-called "remotely operated
vehicle" is attached, which “holds” the end of the fall pipe into position. Other methods, like the use of
a stone dump barge, will probably not lead to a sufficient accuracy in view of the large water depths.

Fall pipe ships are frequently used in the offshore industry for covering of pipe lines on the seabed with
rock. The depth at which such fall pipes are used is up to 100m. For Chandpur the use of a ship would
appear to be too costly. Instead one or more pontoons with a fall pipe may be used. The supply of rock

to the funnel of the fall pipe could be by towed barges. which are loaded at the work area cum
stockyard. — -

6.3.3 Dredaqing and reclamation -

In order to reduce losses of fill during placing as much as possible, it is attractive to use the coarsest
possible sand, though at Chandpur one is not likely to find sand with Dy, > .25 mm. The best source
may be many kilometres from Chandpur. As there is no need for later re-dredging it is opportune to
assume that a trailing suctiun hopper dredger, with self discharging provisions, is used, rather than a

suction or cutter suction dredger. A trailing hopper dredger also diminishes hindrance to navic ation on
the Lower Meghna.

6.3.4 Fascine mattresses with rock

The slope protection matresses consist of a geotextile fabric with a cover of rock. In view of the
absence of a sufficient quantity of large sized boulders in Bangladesh, rock has been proposed. Other
alternatives, like the use of concrete blocks, have extensively been researched for the Jamuna Bridge
project, but a cover of rock had advantages, including costs, over other alternatives. For estimating
purposes it will be assumed that rock will be imported from Malaysia, where a multitude of suitable

quarries exist from where the rock could te obtained. Other sources of rock need however not be
excluded.

For bringing the geotextile in place it will be necessary to prepare mattr~~"2g ond laun~hing ramp.
Bamboo fascines have to be fixed to the geotextile to arrve . oudicient buoyancy (necessary durir?
transport) and flexibility, without folding, etc. during the sinking of the mattress. Contrary to the river
bank protection works at Bhairab Bazar and Munshigar, for mattress sinking operations in Chandpur,
sophisticated equipment and positioning methods are indispensable. The use of computer controlled
stone dumping barges is likely to lead to the desired resuit. If necessary this can be combined with fall

pipe equipment should it appear that certain sections of the mattresses had not received a sufficient
cover.

The same equipment can be used for the placing of rock in the falling aprons.
6.4 Construction Schedules

A

Construction schedules for the bank protection works at the three priority sites are presented in the form
of barcharts:

- Fig 6.1 Construction Programmes for Bhairab Bazar and Munshiganj;
. Fig 6.2 Construction programme Chandpur, Nutan Bazar.

the construction programmes are based on a contract award by (at the earliest) June 1993. Fill placing,
re-dredging and placing fascine mattresses shall take place during the dry season. The construction of
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the works at Bhairab Bazar and
duration of 15 months and those f

'works have to be complete hré-

-« 1993 flood season. A dur.
.been foreseen (Annex G, Figure G.3.7.1).

Munshiganj will be part

of one contract. These works will have a
or Chandpur (Nutan Baz

ar and Puran Bazar) of 27 months,
dpur Nutan Bazar should start atready by May 1992 f the
ation of these works of 13 months has
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7. ENVIRONMENTAL IMPACT ASSESSMENT
74 | Introduction

The Government of Bangladesh and the World Bank are concerned about the effects the proposed
Meghna river-bank protection works would have on the environment and therefore requested the
preparation of an Environmental Impact Assessment. The present environmental assessment was
conducted in accordance with the World Bank Operational Directive 4.00, Annex A: Environmental

Assessment (1989), and the draft Guidelines for Environmental Impact Assessment of the Bangladesh
Flood Action Plan (1991).

Environmental assessment is a flexible procedure which may vary in scope, depth and analytical
technigues, depending on the nr~*- _ Tne detail and sophistication of the study should be in proportion
with the uxpected impacis. | he scop2 of the present Environmental Impact Assessment is limited. Two
objectives were formulated in the Terms of Reference:

- evaluation of potential negative impacts which river-bank protection may have on the environment;
and

- proposition of measures which prevent, lessen, or compensate the identified environmental
impacts.

7.2 Study methodology

The Study has been conducted on the basis of a work plan consisting of four phases:
In order to obtain a concise report which covers all significant environmental issues, a four-phased work
plan has been adopted:

Phase 1: Analysis of the proposed project activities.

Phase 2: Description of the existing environment and autonomous development relevant to the
project.

Phase 3: Evaluati~~ -’ Luwenually negative environmental impacts.

Phase 4: Flecorlnmenda‘t-i_On of preventive, mitigative or compensatory measures.

The necessary information was obtained from a number of sources:

- interim report and technical documen&ts on project design;

- site visits to the projeét locations and other areas which may be affected by the project;
- environmental and socio-economic survey of the project locations;

- consultation of Bangladeshi officials and project experts;

- review of literature on existing environmental conditions, possible environmental impacts of the
project activities, and alternatives for mitigation.
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7.3 Physical Environment
T3 General

Apart from climate, topography, geoclogy, geo-morphology and hydrology which are discussed elsewhere
in this Report the following parameters are of interest.

7.3.2 Water guality

The water and sediment quality of the Meghna depends on it's pollution load and the fate of the
chemicals in the aquatic environment. Data on the Meghna concerning pollution load and transport and
transformation mechanisms are unavailable at present.

Industrial pollution is rather localized in Bangladesh: indUstry is primarily concentrated in five centres,
but small-scale industry is found in most towns. Chromium, cadmium and mercury are highly toxic
wastes discharged by tanneries and paint factories. Boats and oil termmals cause paollution with oil and
oil products. Drainage from irrigated areas may contain residues ~* - _-Li=inicals. Vector eradication
programmes pollute with pesticides. The Ganges, the most poliuted river of India, also contributes to
water pollution in Bangladesh.

Organic pollution is expected to be largest near the towns and industrial plants where domestic and
agro-industrial wastes are often discharged untreated. The biological oxygen demand (BOD) changes
according to site and season.

The self-purification capacity of the Meghna is quite large, especially in the monsoon season. Due to the
fast flow and large quantity of water discharged, poliutants are quickly transported and diluted. Water
quality varies seasonally: as river flows are drastically reduced during the dry season, the concentration
of pollutants increases.

Many pollutants bind with the finest fraction of suspended sediments, and are deposited with the
sediment further downstream. However, contamination decreases closer to sea due to mobilization and
mixing with clean sea sediments. Pollutants are also retained in the interstitial water of the sediment.
Through chemical exchange or re-suspension, these pollutants may re-enter the aquatic ecosystem.

Some pollutants are taken up in the food-chain and subsequently broken down to other chemical
compounds and/or stored. Storage in aquatic organisms may lead to bioaccumulation, depending on

the type of pollutant and organisms. Examples are heavy metal salts and halogenated hydrecarbons
(pesticides).

The remaining pollutants decompose, e.g. under influence c! iiyii, or are eventually transferred to a sink
(e.g. ocean).

7.33 Fl nd Faun

During the rainy season, half of Bangladesh can be considered a wetland. This includes the Meghna and
tributaries, and their cultivated floodplain with shallow freshwater lakes and marshes.

The floral composition of the floodplains bordering the Meghna is relatively uniform, with a seasonal
variation in dominant species. The natural aquatic vegetation has for the most part been replaced with
cultivated species, as the Meghna is bordered by extensively cultivated floodplains. The former wetland
forests have been almost completely destroyed. The Lower Meghna flows between many uninhabited
permanent and temporary islands having some remaining swamp vegetation, but in the project area

most are cultivated. Detailed data on the compaosition of the aquatic ecosystem in the Meghna are
lacking.



“The wetlands support a variety of wildlife. The fish and prawn fauna are discussed in 7.4.4. Wetland
species in the Meghna include: g

- amphibia: several species of frogs, some endangered;

reptiles, such as the Gharial (Gavialis gangeticus: endangered, some individuals in the Lower
Meghna), two endangered monitor lizards species (Varanus bengalis and V. flaviscence), various
turtle and tortoise species, and six species of freshwater snakes;

" 2 mammals include the Ganges River Dolphin (Platanista gangeticus), other dolphins and whales
which visit irregularly, and two otter species

Bangladesh harbours a wide variety of resident and migratory wetland bird species. Migratory birds
generally visit in the period September to March. Of the recorded about 150 species of waterfowl in
Bangladesh, almost 80 are regularly spotted. In a census of the Lower Meghna waterfowl|, 38 species
were identified, including seven rare or endangered species. The populations in Bangladesh decline due
to agricultural development, urbanisation, industrialisation, etc. Large numbers are eaten bv the local
population.

Detailed data on the bottom flora and fauna are lacking. The river bed is not a very rich ecosystem as

a result of the continuon= t===- . ur sediments, smothering sedentary bottom dwellers, and lack o
light.

7.4 Cultural environment

7.41 Land-use

About 80% of land in Bangladesh is farmed: infrastructure in towns and villages occupies relatively E
little land and the pressure on the land is high due to the exceptionally dense population. The averanj?“* -
farm size is quite small, under 1 hectare, and half of the population is landless. Many of these have lost
their land in the past due to river-bank erosion.

Optimal use of water resources for agriculture presents a major problem in Bangladesh. Excessive
flooding limits agricultural development and damages crops, livestock and infrastructure. In the dry
season, the amount of water for irrigation is limited.

Land and large water bodies are often owned by the government. The margins of waters are leased by
the government for rice cultivetion on an annual basis. Private low-lying areas are almost exclusively
used for rice cultivation, while potatoes and other vegetables are grown on the higher lands near the
villages. .

The main ac.t‘ivities in the floodplain~ ~r_ fisfming and rice cultivation which are both discussed below.
7.4.2 Agriculture

Agriculture is the backbone of the economy: it provides employment for 60% of the population, accounts
for 45% of the Gross National Product and 60% of merchandise exports (World Bank, 1990).

The alluvial soils in the project area are low in nitrogen and phosphate, rich in calcium, magnesium and
potassium, and alkaline (pH 7.0-8.5). They are enriched with heavy silt deposits by overbank flooding
of the Meghna. Agricultural practices are adapted to flooding: submerged areas become productive land
as the floods recede. The principal crops in the floodplains are rice, jute, beans, and lentils. The
commonest fruits and vegetables are papaya, pineapple, potatoes, and cabbage.
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Rice is the main crop, grown on about 80% of the cropped area. Bangladesh is both the largest
producer and one oi the largest imponters of rice in the world. The yield of rice per ha is relatively low,
indicating a limited application of modern technology.

High yielding varieties are grown on the about three million ha of irrigated lands (1987). About 5% of the
total area planted is treated with pesticides, mainly on high yielding varieties. This accounts for 90 % of
pesticides used, almost all insecticides. The total usage was about 3,700 metric tons per year in 1986-
1987 (Hamid, 1991). The project area contains the Meghna-Dhonagoda and Chandpur irrigation projects
in which pesticides presumably are used. but detailed data on the type of pesticides used in the project
area and it's catchment areas are lacking.

The distribution of fertilizer in Bangladesh was about 2.000,000 metric tr~~ in 1988-89. Ahout three
quarters of this is used for rice production, predominantly *=. ... yielding varieties in irrigated rice
culture.

Jute and jute-based procucts supply most of the expart earnings. It is a main floodplain crop and
accounts for 5% of cropped area. It is predominantly grown during the monsoon season.

Livestock production is relatively unimpaortant in the project area. Cattle and buffalo play an important
role as draft animals. Livestock breeding is hampered by the lack of grassland: they graze in the
wetlands during the dry season,

7.4.3 Water-use

The elaborate network of rivers and canals provides a major transport and communication system.
Steamers and |=uinches are the cheapest, often quickest, and most comiortable means of transport. All
project ites are served by water transport means.

Chandpur is an inland river port and a stop on the Dhaka-Chittagong route. Munshiganj is a stop on the
Dhaka-Chandpur route. Bhairab Bazar is a main river port connected with Narayanganj. Because a
minimum depth is required for year-round navigation these routes are periodically dredged at shoals.

A major use of water is irrigation, as it offers opportunities to increase agricultural production. The
extensive wetlands, in particular the rivers, provide a year-rour - -~ w water,

The domestic water supply within the municipalities is g nerally poor. A considerable number of people
has access to river water only for bathing, washing, drinking water, etc. The same river is also used for
domestic and industrial waste disposal.

7.4.4 Fishery

Fish is a staple food in Bangladesh, providing 80% of the per capita animal protein in the daily diet (Al
1990). Even though fishery is mostly artisanal, it is the second most important economic activity:
Bangladesh exports fish and fish products. Fishery provides full-time employment for an estimated 2
million people. About three-quarters of rural households fishes occasionally.

River fishing is practised under a governmental lease/auction system: the lease holder may sub-lease
sections or collect rent from fishermen. Indiscriminate harvesting of fish and prawn is induced by this
system, and leads increasingly to overfishing. i - i

260 species of freshwater fish and 20 species of freshwater prawn have been identified, but the catches
in the rivers are dominated by hilsa and a variety of major carp and freshwater prawn species. River
fishing takes place most of the year but peaks in the cold season, between November and February.
Only hilsa catches a peak during the monsoon season.



Hilsa represents about 40% of the total catch. It is sensitive to water quality and only found in relatively
clean water. The adult hilsa migrates between the sea and spawning grounds in the estuary. The
juveniles disperse upstream from the estuaiy to the nurseries. The Lower Meghna is a very important
nursery ground and accounts for about 70% of the total fish catch, which amounts to 62,000 ton (1988).

Giant freshwater prawn (Macrebrachium rosenbergii) breeds in the estuary, after which the juveniles
migrate upstream and into their nursery in the floodplain by crawling. Prawn accounts for 3% of the
annual Meghna catch. : .

The major carps are Rohu (Labeo rohita), Catla (Catla catia), and Mrigal (Cirrhinus mrigala). They breed
and spawn in the clear, oxygenated water of the hilly areas (e.g. Sylhet and Assam). Both adults and
juveniles then disperse downstream over the floodplain. They present less than 1% of the annual catch
of the Meghna.

7.4.5 Socio-economic features

The Lower Meghna has one of the highest population pressures in Bangladesh, which is already the
most densely populated rural country in the world. The population density was estimated at 576 persons
per square kilometre in 1890. The high annual population growth rate (2.4 in 1989) is a major constraint
to development.

80% of the population lives below the poverty line. Their socio-economic situation is characierized by
a low income, increasing landlessness, illiteracy, malnutrition, vulnerability to natural disasters and
dependency on foreign capital, imported fc :d and raw materials.

Rural employment is found larme" " _guculture and fisheries. In the towns, employment is mostly found
as paid worker, folioweu oy unskilled labourer and then entrepreneur. Wages are often supplemented
by agricultural and fishery activities.

The mostly small-scale industrial sector in Bangladesh is at a low level of development. Industries are
sited preferentially both near the towns and along waterways. In the projéct area they are concentrated
in the Dhaka and Narayanganj area.

The major industry is jute twine and carpet backing, which produces large quantities of organic waste,
Leather tanneries are one of the main sources of pollution, discharging the extremely toxic hexavalent
chromium in the Buriganga near Dhaka. Heavy industry is centred mainly around Tongi north of Dhaka.
Chemical industries include paper and pulp industries, fertilizer factories, and distilleries.

Intermediate and light manufacturing is scattered across the country. Most industries discharge wastes

without treatment into open water: the Zia Fertilizer Factory near Bhairab Bazar is one of the exceptions.
Data on the poliution load from industries in the project area are lacking.
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Table 7.1 OVERVIEW OF INDUSTRIAL ACTIVITIES IN THE PROJECT AREAS

Type of Industry BB Mn RH Mg Ep Cp Hc

Textile, Apparel and Leather 8 117 o 3

Chemical Industry 9 1

Food, Beverages and Tobacco 65 42 a1

Machinery and Equipment 37

Paper and Paper Products 11

Metal Industry

Non-metallic and Mineral 8 21

Products

Wood and Woaod Products 6 6 2 1

Others (Handicrafts etc.) 9 2 9 1 31 1

Total ‘| 151 2 |-0 7 1 149 2
Sources: Site visits, and literature on two sites:

BB: 'Bhairab Past and Present’ Bhairab Municipality, 1990.
Cp: Chandpur Chamber of Commerce and Industries, 1991.

The towr:s in the project area have open drains which discharge into the river. The sewage systems are
often limited in size, and poorly constructed and maintained. Water often accumulates in the drains due
to congestion. Solid waste is collected regularly, but the capacity is often insufficient. Surplus waste piles
up and is washed into the river by the rains. Waste in rural settlements is disposed of indiscriminately.
Drainage is sometimes impeded by the existing river-bank protection works. .

Housing in the rural project areas often consists of huts cong:iucicu with natural materials. After erosic.
of houses at Eklashpur and Haimchar, large numbers of the local population have taken shelter on the
embankments. Municipal housing is mostly constructeu by using bricks, but squatters in huts occupy
the eroded banks at Chandpur. The market stalls in Bhairab Bazar are also constructed with natural
materials.

7.5 Autonomous development
7.5.1 General

This Section on the autonomous development describes the future without project situation, taking into
account proposed and anticipated future developments.

The Government has declared 1950 "Year of Environment", and 1991-1999 "Decade of Environment”. The
presently small Department of Environment will expand considerably in the near future. It's capacity is
strengthened for national environmental monitoring, pollution control and environmental management,
including Environmental Impact Assessment. A revised law, the Bangladesh Environment Preservation
Ordinance, National Environmental Quality Standards, and Guidelines for EIA of flood control are in the
making.

The number of industries will increase in future, with comparatively moreemphasis on non-agrn-industrial
activities. Environmental degradation from discharge of industri~' . uumestic wastes will diminish i
they are collected and treated adequately. One of the objectives of the Industrial Policy 1991 is to
control environmental pollution by forcing industries to ‘ake adequate precautionary measures. The

' For Munshiganj, data are available only on industry in the erosion-prone zone. Source:
consultant's survey.
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Department of Environment is identifying polluting industries in a nation-wide survey. The "National
Environmental Monitoring and Pollution Conrtrol Project” runs from 1989-1992,

An increase in agricultural prodiirtin~ i= necessary to make Bangladesh self-sufficient. Intensified use
of the eristing lands ic *~ _ .,.an solution. An increase in irrigation, high yielding varieties, pesticide and
fertilizer use is expected. The Planned monitoring of pesticides and the ban on harmful agro-chemicals
will, however, not decrease the impact significantly.

Fisheries production will continue to decrease steadily due to the reduction, modification and
degradation of the aquatic environment, and because of overfishing. E.g. the lateral fish migration into
the inundated floodplain is hampered by extensive flood control and drainage projects, leading to a
decline of floodplain fisheries. Therefore, the Government of Bangladesh plans to enhance aguaculture
activities.

7.52 Project-related activities

At present, various activities are undertaken or planned to protect the river-banks at most sites. In the
without project situation these activities will continue. as most do not present a long-term solution to
river-bank erosion.

In the long-term, river-bank protection may be followed by river training, which aims to stabilize river
morphological patterns. This has significant socio-economic benefits, as the risk of loss of infrastructure,
life and property due to river-bank erosion is minimized. River training works will more or less stabilize
the main morphological development, but -hifting of minor channels and chars will probably not be
influenced to a large extent. Therefore, the overall effect on the riverine and estuarine environment is
limited. )

Plans for flood control, such as the Flood Action Plan, will lead to construction of more embankments
and increase the need for river-bank protection and river training. This will have far-reaching effects orr
the natural environment, due to the interference with natural flooding patterns.

Dredging for navigation purposes wil continue, as the sediment load of the rivers will not decrease.

7.6 Environmental Impacts
7.6.1 General

The emphasis of an environmental impact assessment lies on the identification of negative effects of a
project because unprecedented adverse impacts decrease the success of a project in economic, social
and environmental terms. Therefore, EIA identifies negative impacts at an early stage to enable
incorporation of mitigative measures in the project design, and evaluation of environmental costs and
overall project benefits by decision-makers.

Beneficial impacts are usually not assessed in detail as they are often the objective of a project and do
not require mitigation. In this case, the aim ~f protection of eroding river-banks at the selected sites is
to safeguard municipal infrastructure and agricultural lands. This has significant socio-economic benefits:
among others, employment onn~=- “|_s are secured and created; transport is assured; risk of ioss of
life and property is uo..cased; and erosion of agricultural lands is reduced, preventing increased
landiessness. ' -

A major constraint for the present environmental impaci assessment is the general lack of quantitative
or qualitative data on the environment of the Meghna, in particular of the aquatic ecosystem. This forces
a qualitative assessment of the proposed project.
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A second constraint is that in the present environmental study for two sites pre-feasibility and for two
others only feasibility studies were conducted. No final decision has been made for these four sites as
to which alternative will be ultimately selected for construction. Thus, the description of environmental
impacts concentrates on the proposed protection works at Bhairab Bazar, Munshiganj and Chandpur.

7.6.2 Possible impacts

The possible impacts are discussed in chronological order for all project sites. Only where necessary
are impacts specified per location. Table 7.2 presents an overview of possible environmental impacts
and potentially significant effects.

7.6.2.1 General impacts

The use of mechanized equipment in all phases of the project will temporarily have some negative
effects: air pollution frorn exhaust fumes, soil and water poliution from oil spills, noise and vibration, and

accident risks. The impact is short-term. but the extent depends on the equipment used and its physical
condition. -

Table 7.2 OVERVIEW OF MAIN EFFECTS OF PROPOSED PROJECTS ACTIVITIES
[ Activities Possible effects Significant effects
General
1 equipment 1 pollution, accidents 1 -
2 labour force 2  pollution, social impacts — | 2 . socioeconomic benefit
Pre-construction
1 land clearing 1 loss of land 1 -
2  infrastructure 2  social impacts 2  potential adverse social
displacement impact if unplanned

3  potential adverse impact if

3 dredging 3  ecosystem change, pollution, the dredged sand is heavily
transport disruption polluted
4 loss of land, impeded drainage, 4 -
poliution
4  work areas 5  poliution
5 =
5  construction material
Construction
1 hydraulic fill 1 pollution, transport disruption 1 -
2  pollution, transport disruption
2  slope re-dredging 2
Post-construction
1 river-bank protection 1 ecosystem change, loss of land 1 socioeconomic benefits
2  wrap-up 2  pollution 2 _-
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Most of the labour force (up to an estimated 500 - 1000 people per site) will be recruited locan;r,
presenting an economic benefit. Import of labourers requires the establishment of labour camps, which
may have short-term adverse environmental and socio-economic impacts. Labour camps may cause
water and soil pollution with domestic wastes, an increase in infectious disease incidence, and disruption
of social, cultural and economic patterns. The impact is short-term, the extent of the impact depends
largely on the planning and management of the camps.

7.6.2.2 Pre-construction phase
(a) Site preparation
Land must be cleared for =~ __...,ps, work areas and project sites. In Bhairab Bazar, Munshiganj and

Chandpur this leads to-a loss-of land used for draw-down agriculture. In the rural areas, land clearing
may lead to a loss of agricultural lands or natural vegetation and thus fauna habitat. The effect is
negligible due to the relatively small area needed for working space.

To enable earth filling. the landing facilities for the oil terminal, launch and cargo ghats in Bhairab Bazar
will temporarily have to be shifted. Of the about 70 market stalls along the waterfront, some may have
to be relocated temporarily. The ferry ghat at Munshiganj and loading/unloading operations at the cold
stores and industries must be moved temporarily. At Chandpur, unloading at the fish market and use
of the launch ghat may be hampered. These temporary relocations may cause resistance by the tocal
population and are potentially significant impacts (see Section 1.4.3.1).

(b) Dredaing

Dredging will temporarily alter the river bed but, due to sediment transport, the dredged material is
quickly replaced. The dredging also destroys the sedentary aquatic life at the site, but the bottom flora
and fauna is relatively poor. The effect is short-term: the chemical and physical characteristics of the
dredged site remain the same and it will rapidly be recolonized after the operations are finished.

The increased turbidity due to dredging in the Lower Meghna has negligible environmental impacts, as
the natural sediment load of the river is relat’ ‘ely high. The Dhaleswari at Munshiganj receives water from
the Jamuna River, and therefore presumably has rather high sediment loads, which minimizes the effect
of increased turbidity. Indigen~~ Luatic life is adapted to these conditions. The Upper Meghna,
howeve., has a low seunneiit I0ad. Incteased turbidity will have short-term effects on aquatic life as the
penetration of light is reduced locally.

Spawning and migration of the major fish and shrimps species will not be affected by increased
sedimentation (Figure 1.2.4). Dredging will mostly take place in the dry season, when most species do
not spawn. The giant freshwater prawn does spawn, but is not affected as it spawns in brackish water
in the estuary. Hilsa and giant freshwater prawn migrate in the dry season, but only in the Lower Meghna
where dredging is relatively insignificant. Dredging in the wet season will be limited: some is necessary
to reclaim land at Chandpur and Bhairab Bazar. This may theoretically affect fish migration, e.g. at
Bhairab Bazar, spawning and juvenile migration of major carps. However, migration of fish species will
in general not be hampered as the rivers are very wide, especially in the monsoon season.

As dredged material is predominantly anaerobic, suspension of these sediments may temporarily lower
dissolved oxygen levels at the dredging site. The dissolved oxygen content varies during the year and
differs from site to site. It will especially be low near drainage sites of agro-industries. If areas with a low
dissolved oxygen content are dredged, the dissolved oxygen levels may fall to a level which is lethal to
fish. The respiration of sedentary organisms near the dredging site may temporarily be affected, but
mobile organisms such as fish can avoid the disturbed area. Detailed data on the conditions of the soil
and the dissolved oxygen levels of the water are not available at present, but the information available
indicates that the decrease in water guality might significantly affect fish (see Section 1.4.3.2).
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Dredging releases pollutants from sediment and interst al water into the already polluted water. Much
will be deposited downstream by (re)suspended sediments. High levels of industrial or agro-chemical
wastes do probably not occur in the project area. The effect of resuspension of pollutants depends
largely on the selected site, as industrial pollution is rather localized. The impact may be significant if
the dredged material is heavily poliuted (see Section 7.6.3).

Dredging activities may hinder navigation, depending on the selected site and the planning of activities.

(c) Work areas

If land is reclaimed in Bhairab Bazar and Chandpur, this leads to a loss of land used for draw-down
agriculture. The area, however, is of little importance as a seasonal bird and fisheries habitat because
larger and undisturbed areas are available in the vicinity. The effect is negligible because the amount
of land needed is very small.

Reclaimed land, storage facilities and access roads may impede surface water drainage if not properly
planned and executed.

Disposal of discarded construction materials may cause some pollution. The extent of the effect depends
largely on the execution of the activities, but should be minor undernormal circumstances.

(d) Construction materials

The quantity of construction materials required, such as boulders, is quite large. The transport of material
by boat may cause water and air poliution, and hindrance to navigation. The transport of soil by road
at Munshiganj may cause air pollution. The transfer and storage of material at the work space may cause
poliution due to dust. However, the necessary quantity or material and related transport and transfer
activities do probably not significantly differ from the without project scenario when river-bank protection
activities must be conducted regularly.

The use of open stone asphalt and bitumen has only very limited environmental impacts. Preparation
of asphalt and bitumen causes some short-term air paliution. After incorporation into the works, asphalt
and bitumen wear very slightly from daily use, but the effect is insignificant as it is a very long-term
decomposition process in a large wolume of water. Open stone asphalt is widely used elsewhere where
stringent environmental regulations are maintained.

The slow decomposition of bamboo and reed will not detectably deoxygenate the water. The use of
geotextile is not anticipated to have adverse effects: the material has passed the stringent Dutch
environmental regulations and is widely used. Construction of containment bunds with cement, sand,
gravel and water will temporarily cause sorae air pollution with dust.

7.6.2.3 Construction phase

(@) Hydraulic fill

The existing flora and fauna is disturbed and sedentary organisms are smothered by hydraulic fill. The
effect is negligible as the extent of habitat destroyed is very small. Moreover, the existing flora and fauna
is relatively poor, and is already locally affected by water pollution near the towns.

A temporary decrease in water quality may occur if the hydraulic fill is polluted. The effect depends on
the pollution load of the dredged material. The present river-bank soils near the towns are likely to be
more contaminated than the dredged material due to local drainage of domestic and industrial water,
Theoretically, clean hydraulic fill may adsorb/absorb more pollutants than the former river-bank material,
thus decreasing water pollution temporarily.



Hydraulic fill transported by truck may temporarily hinder road transport at Munshiganj, if not adequately
planned.

(b) | re-dredgin

At Bhairab Bazar, a temporary decrease in water quality may occur if the hydraulic fill is polluted. The
effect depends on the pollution load of the re-dredged material.

Re-dredging activities may hinder navigation, depending on the selected site and the planning of
activities.

7.6.2.4 Post-construction phase

(a) River-bank protection

In Maniknagar and Haimchar, the river-bank material is changed from fine sand to boulders, bamboo,
and reed. The river-banks of the other sites have already been strengthened with boulders, bricks, or
cement blocks. The stones covered with algae and some aquatic vegetation attract certain types of fish
and discourage others " '! ¢ aiea to be protected is quite small in comparison to the total length of
river-bank, the overalt effect witl be insignificant.

River-bank protection with revetments does not change erosion patterns downstream. The advanced
revetments decrease the width of the river, and increase the flow velocities in the outer bend up to about
5% of high discharges. The constriction may theoretically cause a limited backwater effect upstream and
a diminished overbank flow downstream. The effects of constriction are marginal as the rivers are very
wide.

(b) Wrap-up

Demolition of storage facilities, labour camps and reclaimed areas may temporarily cause some air,
water and soil pollution.

763 Potentially significant effects

In the following section background information is presented for a further assessment of the extent of
the impacts identified as potentially significant.

7.6.3.1 Infrastructure displaceme it

River-bank protection will provi~- . iricant socio-economic benefits to the population of Bhairab Bazar,
Munshiganj and Chanapur. However, it will also give some temporary inconvenience to activities along
the waterfront:

- In Bhairab Bazar, landing facilities for the oil terminal, launch and cargo ghats will have to shift
temporarily. Several market stalls may have to be re-located temporarily to enable earth filling.

The ferry ghat at Munshiganj will be moved temporarily; loading /unloading operations at the cold
store and industries will temporarily have to be shifted.

At Chandpur, unloading at the fish market near the railway station will have to be shifted.
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The provision of alternative landing facilities will modify the eftect to a great extent.

These displacements may cause resistance by the local population. Cooperation of the local population
is necessary: vandalism or other forms of resistance may damage the newly constructed protection or
delay the construction schedule.

The risk of public resistance is at present not clear. The affected population faces short-term cOsts
versus long-term benefits, such as protection from river-bank erosion, and extension of the market on
the advanced revetment. Therefore. if the inconveniences are limited due to proper re-location planning,
the project will probably be perceived as beneficial to the local population’s interests and the socio-
economic effect wil be minimal.

T.6:8:2 Water quality deterioration

The extent of the impact of dredging depends on the pollution load of the dredged material. Two types
of pollution may be involved: organic pollution and toxic chemicals. The soil and water quality of the
Meghna has not been guantified, but some assumptions can be made:

Upstream of Bhairab Bazar there are a few pollution sources (pulp and paper industry, agro-
chemicals used for tea), but the concentration of their pollutants will be insignificant when they
reach the town. The waste water of the Zia fertilizer factory is treated before discharge. Organic
pallution from agro-industries and domestic wastes is likely along the waterfront, but hydraulic fill
will not be dredged nearby. Further downstream, the dissolved oxygen content will be higher, as
the discharge from the Old Brahmaputra dilutes the pollution.

Pollution by toxic chemicals is not considerable. Only pollution from the Jamuna Oil Terminal poses
< small risk if material is dredged downstream, above the confluence with the Old Brahmaputra.

Munshiganj accommodates a considerable number of agro-industries. Furthermore, the Dhaleswari
receives water from the Dhaka and Narayanganj industrial areas, and the Dhaka sewerage system.
Organic pollution lowers the dissolved oxygen content. A very low dissclved oxygen content,
combined with dredging of anaerobic sediments, may locally affect respiration of aquatic life,
leading to fish kill in extreme cases. The extent of the impact depends on the water and soil quality
at the dredging site. -

The Dhaleswari receives the waters of the Buriganga, wr' . polluted with chromium from th~
tanneries near Dhaka. The concentration of pollutants will have decreased considerably when it
reaches Munshiganj due to the mechanisms elabc ated upon in Section 1.2.3.5. The town itself
contributes mostly organic effluent from domestic and agro-industrial wastes. Therefore, the soil of
the Dhaleswari is not expected to be heavily poliuted with toxic chemicals.

At Chandpur, some sand will be dredged locally to reclaim land on Chirar Char, north of the town.
The major part will be dredged elsewhere. The three main sources of pollution in the area are
discharges from the Ganges and the Dhaleswari, and industrial and municipal waste discharged
by Chandpur. Pollution from the Ganges and Dhaleswari are diluted by the large flows of the
Meghna and Brahmaputra (Jamuna). As Chandpur has mainly small-scale agro-industry, the soils
in the vicinity will not be heavily polluted.

Concluding, there is a small risk of dredging material being polluted with toxic chemicals at Munshiganj
The pollution during the construction period is not expected to be significant.
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As dredged material is predominantly anaerobic, suspension of these sediments may temporarily lower
dissolved oxygen levels af the dredging site. The dissolved oxygen content of the Meghna is unknown,
but might especially be low near drainage sites of agro-industries. There is a small risk of fish kill if
anaerobic material is dredged in water with a low dissolved oxygen content. Detailed data on the
conditions of the soil an *~ _.ssuived oxygen levels of the water are not available at present, but the
information available indicates-that only dredging downstream of the agro-industry in Munshiganj poses
a risk. The effect is estimated to be minor as it is localized and short-term.

7 Mitigation Options

G i | Intr ction

Mitigation may include avoiding, minimizing, rectifying, reducing, eliminating or compensating impacts.
In the EIA, the emphasis lies on significant and easily mitigatable negative impacts.

Several mitigative measures have already been incorporated in the project design: the permeable river-
bank protection works do not impede drainage; the tender documents specify that outlets for municipal
drains will be constructed to prevent congestion; and dredging will mostly take place during the low flow
period. After land reclamation, erosion control measures will be taken. The nature of the contract is such
that the contractor will limit dredging or reclamation activities as far as possible. After completion of the
project, the contractor will be required to convert the work space to it's original state, as far as possible.

7.7.2 Mitigation
Two river-bank protection activiti~~ _e identified with potentially significant adverse impacts, namely

infrastructure displacei<ii and dredging of poliuted soil, but the extent of their impact can not be
quantified at present (see Section 1.4.3). A major component of their mitigation is the more detailed study
of the extent of the impact.

Care must be taken that execution of the mitigative measures proposed is proportional to the impact.
For example, if pollution levels are low at dredging sites, it is not required to monitor them.

Table 7.3 presents an overview of the proposed mitigation options.

7.7.21 General

(a) Equipment

The air poliution from exhaust fumes, soil and water pollution trom oil spills, and noise and vibration can
be minimized with ‘clean technology': this implies a minimal pollution generation or end-of-pipe pollution
control measures.” The contractor may be required to incorporate these measures 1o comply with
Bangladeshi pollution standards. Accident risks can be reduced by enforcing safety regulations during
construction.

(b) r for

Provision of adequatr ' _.uiy, waste disposal facilities, and medical care will minimize the
environmental and social impacts.
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Table 7.3 OVERVIEW OF MITIGATION OPTIONS

Activities Mitigation options --

General =
1 equipment pollution control measiir~-
2 labour force 2  adequate housing and sanitary facilities, safety measures

—

Pre-construction

1 land clearing site selection

1
2 infrastructure 2 temporary relocation, pontoons, planning
displacement 3 site selection, water and sediment guality assessment,
3  dredging pollution control measures, coordination
4 site selection, drainage planning, pollution control measures
5 none

4 work areas

5 construction materials

Construction

1 hydraulic fill 1 pollution control measures, coordination
2 water and sediment quality analysis, pollution control
2  slope re-dredging measures, coordination
Post-construction
1 river-bank protection 1 planning
2 wrap-up

2  pollution control measures, planning . -

722 Pre-construction phase
(a) nd clearin

The loss of land and wildlife habitat can be minimized by careful site selection, avoiding environmentally
sensitive areas, and by limiting the extent of area to be cleared.

(b) Infrastructure displacement

The provision of pontoons as temporary landing facilities, and the reorganization of market facilities in
the vicinity will compensate the temporary loss of landing and market facilities at Bhairab Bazar,

Munshiganj and Chandpur. It is recommended to develop a re-location scenario in cooperation with the
local authorities.

(c) Dredgin

The effect on flora and fauna at dredging sites can be minimized by avoiding polluted sites. An
assessment of the environmental quality and composition of the soil at the dredging sites is
recommended. If it is heavily polluted, dredging can take place at a less polluted site. If this is not
possible, the effects on aquatic life should be monitored. __

Interference with navigation, and road transport at Munshi,_., can be minimized by developi~ =
transport scenarios in cooperation with transport authaorities.
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(d) Work areas

At Bhairab Bazar, the effect of loss of land and fauna habitat can be minimized by using already
reclaimed land in the vicinity. Drainage impediment can be avoided by constructing outlets.

Pollution during construction and operation can be minimized by the correct disposal of waste and
poliution control measures.

(e) Construction materials

Both the quantity of materials used and the 1eed for transport and transfer to work space and project
sites can not be mitigated easily.

7.7.23 Construction phase
(a) Hydraulic fill

An assessment of the environmental quality and composition of the sediment at the project site is
recommended.

Interference with navigation, and road transport at Munshiganj, can be minimized by developing
transport scenarios in cooperation with transport authorities.

(b) Slope re-dredagin

Interference with water and road transport can be minimized by developing transport scenarios in

cooperation with transport authorities.

7724 Post-construction phase

(a) River-bank protection

After completion of construction activities, the effects of river-bank protection are insignifi cam and
mitigation is not require

(b) mam

Pollution can be minimized by adequate planning of demolition activities and incorporation of pollution
control measures.
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8. COST ESTIMATES
8.1 Introduction

Estimates of cost have been prepared for the construction and maintenagce of the works and are
summarizec in Tables 8.1 to 8.3. They have been formulated for use both in comparisons of design or
layout alternatives and for the economic analysis of the project.

The method by which the estimates have been prepared is that which would be adopted 'by an
international contractor. This technique has enabled estimates to be based on probable construction
methods and equipment selection. Costing for all principal construction operations was established after
agreement on methods and plant with the design engineers. This was followed by derivation and costing
of the required quantities of all permanen® a..d temporary materials and labour resources. Full account
has been taken of the effect of seasonal influences and the remoteness of some sites on construction
activities.

The cost of each of the project designs has been estimated independently, always provided that Bhairab
Bazar and Munshiganj are combined in one contract package. The construction schedules for the Works

at each of these sites have however been derived taking account of the interdependence of the various
activities.

The resource analyses which are presented in Tables 8.1 to 8.3 form the detailed basis for the economic
appraisal.

¥

L]
The feasibility study cost estimates have been based on prices of mid 1991.

8.2 Basic Data

An important starting point for the feasibility estimates was the availability and detailed knowiedge of the
data collected during the period 1986-1988 for the Jamuna Phase | and Il Studies and subsequently for
the Project Cost Estimate for this Jamuna Bridge (Jun2 1990, updated October 1891).

A review of those estimates was carried out in October 1991 to determine their applicability for the
Meghna bank protection projects, and alsc ‘o determine those areas in which further attention would
most effectively improve the accuracy of the estimates.

As a resuit, emphasis 1ias pecn on the collection of data relating to the following aspects:
- dredging: characteristics, outputs, reclamation, charter rates, quantities, seasonal influences;

- access channels to sites: routes from Chalna and Chittagong, depth and width requirements,
seasonal variations. volumes; .

- use of dredged material in guide bunds, groynes and bank protection works;

- research into sources of suitable boulders and rock for revetment mattresses, particularly Sylhet
and the Chittagong area, as well as outside Bangladesh; :

current and reliable information on local rates and prices;

charter rates for pontoons, mattress laying barges and associated craft.
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The US dollar was adopted as the base currency for the cost estimates. During the period when the cost
estimates were prepared, there were only small fluctuations in its exchange rate with other currencies.

Base date : July 1991

Uwss100 . : 36.00 Taka
1.90 Dutch Florins

No allowances have been included in the estimates for import duties or VAT on imported materials or
construction plant.

8.3 Estimating Methods and Information

8.3.1 Bank Protection Works

During the feasibility stage, several schemes were developed, each involving dredging, reclamation and
slope protection for the arrangements of revetments, bunds and grovnes == _ied for the awernative
solutions.

As part of the preferred scheme selection procedure, costs v.ere compared at prime cost level, for which
several composite rates were established. These composite rates were formed from planned methods
of construction and known outputs drawn from previous experience of similar warks or operations such
as the Jamuna Bridge Project and the Feni River Closure Dam.

Rates for dredging were derived following a detailed study of the material to be dredged and the depths,

pumping distances and volumes required. Outputs, relevant to the appropriate equipment selection and’

applied to current fuel and charter rates, were combined with mobilization and ancillary plant costs to
form a scale of rates for use in the estimates.

Total volume for each of the options were checked against the programme to ensure that the required
outputs reconciled with the capacity of the selected dredgers, without undue downtime.

Costs for the bank protection works include for reclamation of the dredged material, pumped and
graded to specified lines, levels and densities within the Works.

For slope protection, the cost of rock mattresses was compared with that of concrete block mats.
Quotations were obtained for the supply of rock from West Bengal, Malaysia and Indonesia as well as
from the Chittagong Hill Tracts. In each case de'ivery was to be by barge. Use of the Chittagong rock
would require further study to establish reserves and mobilisation periods. o

To arrive at the total costs for the bank protection works, allowances were made for access dredging
from the navigable river channel, for earthworks above rive: .evel, for access roads along the top of the

protection works for inspection and maintenance purposes. In addition to these measured work items, .

allowances were made for temporary site facilities, supervision, and contractors’ overheads and margins
to bring the total to the levels anticipated for bids for these works as separate contract packages.

An appropriate part of the cost of establishment and running of the contractcrs' temporary site facility
(proportional to the planned level of use) has been allocated to the bank protection warks. No allowance
has however been made in the estimate for the residual value of offices and staff accommodation in the
contractors’ temporary site facility since these have been assumed to revert to the BWDB for use in the
monitoring and maintendnce of the Works.
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8.3.2 Operz*" _.. uni0 Maintenance

Schedules have been drawn up to identify the requirements for operation and maintenance ana 1o
enable them to be quantified and priced on the followiny assumptions:

- an organization will be established dedicated solely to the tasks of operation and maintenance
of the bank protection works;

- items for maintenance include monitoring and preventative measures, periodic and predictable
works;

- items not included are in respect of defects of construction materials or workmanship, and
unpredictable damage, all of which are deemed to be the responsibility of others, or an insurable
risk;

- items for operation include surveillance and organiz.ationai' rnanagement.

Allowances for maintenance of the bank protection works include for a stockpile of repair material to be
stored at a depot, for regular studies by consultants to forecast river movements, and sums for periodic
contracts for remedial works.

8.4 Analysis and 7 ___.us
8.4.1 Analysis

The éstimating method employed was based on spreadsheets in which the required resources were
allocated into the elements: = '

- local labour

- expatriate labour

- local materials

- imported materials
- plant and fuel

The sub-totals obtained in this way formed an essential cross-cast checking system and enabled a
summary analysis to be abstracted as required for economic appraisal.

8.4.2 Cost Estimate Summaries

The estimated costs for the bank protection works at all seven priority sites are presented in Tables 8.1
to 8.9 including estimate for the emergency ' ‘orks at Chandpur Nutan Bazar. -

8.4.3 Expenuauie Programme

Major construction activities which are planned and priced on an operational basis with resource
allocation form well defined packages which can be related to programmed periods. By spreading the
expenditure based on anticipated resource usage and procurement considerations for each of these
major activities and integrating them on the overall project programme, a reasonably accurate cash flow
picture was obtained.

Since each of the activities have the main resources aiready allocated it was a relatively simple matter

to produce these expenditure programmes in a resourced format. This has been done for expenditure
incurred during both the construction and maintenance periods.
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i Anticipated Range of Cosi

As is normal for Feasibility Study Estimates, an assessment has been made to quantify the likely range
of contractors' bids due to possible chéges in ci-sumstances (excluding inflation) between the date of

thi: xstimate and the receipt of tenders. The rasults of this asvessment have been used in the sensitivity
analysis.

An objective raview was made of each of the eleménts of the major activities ‘dentified in the estimaiing
procedur2 including the following:

casign status;
accuracy of quentities and informatinn:
- confidenca in methods and pri-gramme
r-liability of quoted rates and [Srices;
competitive market factors;
- a ternative designs.
Using these criteria with similar weight'ngs for eaci of the contract Packages and taking into accoun:
a tossibli: local deterioration of the site (scour, bank slides), an average range from 7.3% to -, 4% was

found for those sites for which detZiled desions were the basis for the cost estimate: Bhairzb Bazar,
Muashigznj, Chandpur.

Obviousl\, the average range of costs v be mucn larger (say -15 to + 15%) for cost estimates based

on feasib ity levei desions (Eklashpur, raimchar) or pre-feasibility ievel designs (Maniknagar, Megina
R&H Bric ge). )

Tatle 8.1 COST ESTIMATE ADVANCED PRCSTECTFOI\’ T .~3 BAZAR
(Prices in USS at mid-1991 level)
Item Cost in
*1,000 USS
1 Dre'dging 5,824
2 Working area/materials 0,138
3 Earthwarks above SLW 0,331
4 Clear. site and reinstate 0,023
5: Open stone asphalt 0,820
€ rascine Matress 1,747
7 3oulders in falling aoron 1,412
8 Grou;ing of boulders 0,106
9 Contractors cost and supervision 0.641
10 MOB and, DEMOB ; 0,080
11,103
1 ‘- 3hy3|cai.'-contingenc es (10%) 1,110
2 Contractors margins and i-es (20%; 2,221
' 13 =ngineering and supervision (¥ 5%) - - N 833
tom. 15,267
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Table 8.2 COST ESTIMATES FOR PROTECTION WORKS MUNSHIGANJ
(Prices in US$ at mid-17"" lovel) -

item Costin
; *1,000 US$

1 Dredging 1,780
2 Werking area/materials 0,148
3 Temporary acces diversions and culvens 0,124
4 Earthworks 0,509
5 Open stone asphalt 0,708
6 - Fascine Matress ) 1,320
T Boulders in falling apron 0,198
8 Grouting of boulders 0117
9 Clear site and reinstate 0,046
10 Contractors cost and supervision 0,608

| 1 MOB and DEMOB. 0,080

5,322

12 Physical contingencies (10%) - . . 564
13 Contractors margins and fees (20%) 1,128
14 Engineering and supervision 7.5%) 0,423
TOTAL 7,753

Table 8.3 PRELIMINARY COST ESTIMATES FOR ALTERNATIVE

PROTECTION WORKS AT MANIKNAGAR

ltem | Alternative Cost in USS
i Overall protection 12,964,717 2

ii Series of groynes (earth filling) | 11,838,105

i Series of sand sausages 20,551,285

iv Deviation of flow with groyne 9,142,974
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Table 8.4

PRELIMINARY COST ESTIMATES FOR ALTERHATIVE PROTECTION

WORKS AT R&H BRIDGE

Item

. Alternative

Phase

Construction
in year

Cost in
USs

Total cost
in US$

protection of
ferry ghat
and vortex
area

no phasing

1992

5,207,667

5,207,667

Protection of
ferry ghat
and vortex
area and
groyne of
200m
upstream of
bridge

protection of ferrg
ghat and vortex
area

5,207,667

groyne of 200 m

10,806,886

16,014,553

Spurdike
which guides
flow lines
(toplayer of
CC-blocks)

no phasing

5,570,846

5,570,846

rdik
which guides
flow lines

no phasing

1992

5,155,115

5,155,115
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COST ESTIMATES PROTECTION WORKS EKLASHPUR

Tavle 8.5 S
Item Alternative Phase Construction Cost in Total cost
- in year Uss in US$
| =}
i Protection of | Phase 1 1993 10,078,510 26,502,036
_ existing (protection and
- embankment | extension of
. BWDB design)
Phase 2 1998 8,211,763
.-~ tection
__ | adjacent
upstream part)
Phase 3 2005 8,211,763
(protection
adjacent
upstream part)
i Retired No phased 2003 42,154,950 42,154,950
embankment | investment
(guide bund)
iii Groyne No phased 2003 40,185,745 40,185,745
upstream of investment
Eklashpur
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Table 8.6 COST ESTIMATE PROTECTION WORKS CHANDPUR, NUTAN BAZAR
(Prices in US$ at mid-1991 level)
Item Cost in
*1,000 USS

1 Dredging 14,626
2 Working area/materials 0,215
3 Earthworks above SLW 0,413
4 Clear site and reinstate 0,083
5 Open stone asphalt 0,688
6 Fascine Matress 7,370
7 Rock in falling apron 6,810
8 Grouting of rock 0,096
9 Containment bunds 9,684
10 Contractors cost and supervision 1,356
11 MOB and DEMOB 0,088

41,473
12 Physical contingencies (15%) 6,215
13 Contractors margins and fees (22%) 9,115
14 Engineering and supervision (7.5%) 3,107
TOTAL 59,870
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Table 8.7 COST ESTIMATE PROTECTION WORKS CHANDPUR, NUTAN BAZAR AND PURAN
; BAZAR

Itemn Cost in USS

1 Dredging - 12,142,106 e

2 Working area/materials 337,216

3 Earthworks above SLW 473,040

4 Clear site and reinstate 238,520

5 Open stone asphalt 1,292,797

6 Fascine mattress rock 7,905,255

7 Fascine mattress boulders 403,530

8 Falling apron 6,861,106

g Grouting of rock and boulders 116,716

10 Containment bunds 13,187,577

11 Contractors cost and supervision 1,647,200

12 MOB and DEMOB (excl.dredging 88,000

equipment)

13 MOB and DEMOB ~-~- ...y equipment 4,563,157
49,284,220

14 Physical contingencies 7,392,633

15 Contractors margins and fees 10,834,528

16 Engineering and supervision 3,696,317

TOTAL : 71,215,698
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Table 8.8 ~ COST ESTIMATE EMERGENCY PROTECTION WORKS

 f
o

Item Quantity Unit | Unit Cost in USS
Cost
(USs)
1 Dredging 2,381.963 | m3 3.03 7,228,948
2 Working area/materials 1 - 173,956 173,956
3 Earthworks above SLW 1 - 1 177.3%0 177.390
4 Clear site and reinstate 1 1ou,UB6 130,086
5 Open stone asphalt 12,000 m2 35.12 421,497
6 Fascine Mattress 102.720 m2 48.03 4,898,761
7 Rock in falling apron 37,000 m3 69.73 2,579,887
8 Grouting of rock 821 - m 62.58 51,380
9 Containment bunds 210,000 m3 | 35.45 7,444,600
10 Contractors cost and supervision 1 . 752,000 752,000
11 MOB and DEMOB excl.dredging equipm. 1 - 88,000 88,000
12 MOB and DEMOB dredging equipment 1 - 2,281,578 2,281,578
26,228,084
12 Physical contingencies 15 %
13 Contractors margins and fees 22 % 3,934,213
14 Engineering and supervision 7.5 % 5,770,178
1,967,106
37,885,581
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Table 8.8 COST ESTIMATE PROTECTION WORKS HAIMCHAR
ltem | Altermative | Phase Construction | Cost in Total cost
in year uss in US$
i guiding protection 1993 18,371,682 | 18,371,682
protection | (length=3,800)
replace
embankment 2008
(length=6,500m)
ii quiding *) protection 1983 12,990,712 | 23.210,329
protection (length=2,800m) [
% | protection 2008 10,219,617
(length=1,000m)
replace =
embankment
(length=6,500m) | 2008
iif nuiding *) PR il 1993 10,823,482 | 29,320,365
protection | (length=1,800m)}
protection 1998 8,012,504
(length=1,000m)
protection 2008 10,384,379
(length=1,000m)
replace 2008
embankment
(length =6,500m)
iv protection | protection 1993 12,990,712 | 25,981,424
of existing | (length=2,800m)
embankm protection 2008 12,990,712
ent **) (length =2,800m)
*) guiding protection = the short protection shaped like a guide bund protecting partly the existing
embankment and replacement of embankment;
¥ protection of the existing embankment = as indicated by definition without replacement of

embankment.
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8. MONITORING AND MAINTENANCE

‘Itis a known fact in Banmla~ __,,at maintenance of hydraulic engineering structures (like for instance
slope protection works) in_most cases either is not carried out at all or, if done, is carried out in a
haphazard way on an ad-hoc basis.

Many reasQns can be given for this situation: lack of inspection, lack of interest from the side of the
owner, lack of funds, bureaucratic procedures, etc. :

Now it must be emphasized first of all that such a situation is not only found in Bangladesh. All over
the world infrastructure whether it concerns earthworks or structures is in many cases not maintained
as it should be. Exceptions are for instance roads (where a lack of maintenance is immediately felt and
seen by owners and users) and bridges (where easy jobs like periodic painting can be done on a routine
basis). '

However, hydraulic engineering works like embankments, revetments, regulators are situated for the
greater part under water (where the damage occurs) and maintenance as a periodically returning event
(like painting) is not required.

Moreover, inspection is difficult, i.e. requires for instance soundings or the assistance of divers, damage
is in the early stages not visible and, last but not least, repair works are costly.

This all implies that a great effort has *o be made by the local governmental organization which is
responsible to have maintenance carried out before it is too late. The (invisible) damage has to be
measured first by third parties “+*ich may involve costs), it has to be reported and cost of repairs
estirated, it then |... w go through all the bureaucratic procedures before a budget is approved.
Subsequently, the maintenance will be tendered, a contractor appointed and finally the repair work is
carried out.

The time lapse between the inspection of the damage and start of repair works may well result in failure
of the structure before these repair works start.

As already said this situation is not only found in Bangladesh. In the past this phenomenon was a reason
for designers to design and construct hydraulic engineering works such that practically no maintenance
was required during the design life and that only after occurrence of a design flood or a design wave
pattern a thorough inspection was carried out.’ :

This "redundancy" of a structure, as it is generally called, was however not only due to conservative
design principles but also to lack of insight in the possibility of failure and the actual 'state of the art’ at
that time (no good design formulas) which resulted in (too) high safety factors.

In modern design the designer tries to design a structure having a minimum capitalized cost. This may
well lead to less investment and more maintenance.

Now the problem is that an, owner through prequalitication of contractors, quality assurance, quality
control during construction and site supervision in principle can assure that he obtains a good product.
The quality and timing of monitoring and maintenance, however, required during the life time of the
project is not so e2~* - _L.uAieed. '

This statement is for instance valid for a breakwater in front of a harbour: At Rotterdam Harbour in the 100 years of
its existence the break waters in the North Sea at the entrance of the New Waterway only once required major
significant when a ship during a storm was pushed through it.
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In Annex G, Section 1.7.2 and Appendix G /3 the monitoring and maintenance aspects and related repair
work are described in detail. Moreover, the tender documents for protection works at Bhairab
Bazar/Munshiganj and Chandpur stipulate the possibility to retain certain special contractors equipment
for maintenance purposes while also at each site a stockpile of materials for rnalntenance will be made
available at the end of the constructton period. -

However, all these proposals and recommendations may not automatically lead to maintenance carried
out timely and to the required level of guality.

A solution which then comes to mind is to initially invest more and to depend less on monitoring and
maintenance. This however is not a feasible solution: the knowledge of, for instance, the behaviour of
a falling apron or of the river morphology (i.e. scour) is still too limited to arrive at a design which
requires no maintenance whatsoever. Also, if such a structure would be technically feasible then it would
not be economically attractive. In other words there would be no project.

If therefore follows from the above that the institutional side of maintenance (apart from the technical

and financial aspects dealt with Annex G) is the key to a successful and long life of the river bank
protection works.

A similar situation will exist at the Jamuna Bridge after its completion. Also here high investments will
have been made in, amongst others, river training works. The nature of these works is the same as of
those designed for the seven priority sites along the Meghna River.

In the Jamuna Phase Il Feasibility Report (Annex L) proposals are given for "additional powers and
responsibilities to operate and maintain the Briage ....." It is recommended that JMBA shall have power
to, inter alia, cover the following functions:

the operation and maintenance of the bridge;

: the power to enter into contracts.

Apart from a legal setting such power will require a certain organization and staffing. Recommendations
given in this respect focus on:

(a) power for the highest JMBA official on the bridge site (the Bridge Director) to be absolute in
cases of emergency,

(b) a small capable staff at site,

(c) efficiency and team spirit,

(d) maintenance by contractors, X
(e) presence of staff 24 hours a day, 365 days a year.

Now, obviously, a multipurpose bridge in operation cannot be compared in all its characteristics with
“slesping” river bank protection works, but a rumber of aspects are the same.

It therefore is suggested to consider the possibility of for instance a locally based (i.e. in Chandpur or

Bhairab Bazar) Meghna River authomy which is responsible for, inter alia. m=in*anance of.all r"ver bank
protection works:
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Such a river authority would be founded by GOB through an ordinance and it could for instance be
based on the following:

- power to enter into contracts;
'
- maintenance only by'ei(perienced contractors, possibly using the authority's special equipment;
regular monitoring especially of underwater works according to'a fool proof method;

- maintenance fund to be created by receiving anrual contributions from GOB which can be
deposited in a bank an = _,ed as required;

- small efficient staff which dares to take decisions and which is technically capable to make
these;

- periodic assistance by expatriate consultants for carrying out inspections, to specify repairs
required and to inspect repair work done.

Obviously, these ideas need further elaboration and discussion with GOB and IDA.

Preferably the set-up and functioning of a special monitoring and maintenance organization should be
part of the loan agreement for the construction of the bank protection works described in this Report.

Finally, it is noted that under FPCO a FAP-component, FAP-13, exists which is called "O and M Study”
It would appear that such a study should also make recommendations on the future maintenance of
projects following from FPCO sponsored studies like the Meghna Short Term Study (FAP-9B).

The same applies to FAP-26 “called Institutional Development Programme" which aims at:
"a programme to establish institutional requirements of the Action Plan, assess existing
concerned institutions and recommend appropriate arrangements for planning, implementing

and managing the Action Plan projects. To undertake special institutional development activities
to implement the recommendations”,
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10. ECONOMIC EVALUATION
10.1 Introduction

‘The economic evaluation analysis presented in this annex is executed within the framework of the

Meghna River Bank Protection Short Term Study. At the request of the Bangladesh Water Development
Board, a team of experts has investigated the technical and economic feasibility of river bank protection
works at specific sites along the Meghna River.

This chapter describes the economic analysis of the proposed river bank protection works at the
selected project sites. After this introductory section a general description is given on the evaluation
method applied in Section 10.2. Specific isst‘es related to individual sites are discussed in the respective
sections assigned to the economic feasibility analysis of these sites. Sections 10.3 to 10.9 deal with the
economic evaluation of the bank nr~*~<ion works in Bhairab Bazar, Munshiganj, Chandpur, Eklashpur,
Haimchz+, Road and ' ._...way Bridge and Maniknagar respectively. Section 10.10 discusses the
preliminary economic evaluation of a long-term bank protection scheme for the whole Lower Meghna.

For detail information on data used and the analysis carried out reference is made to Annex F and
Appendix F/1 to this Annex.

10.2 Evaluation Method

In order to streamline techniques, bring consistency into the appraisals and facilitate comparison of
potential investment opportunities, the Flood Plan Coordination Organization (FPCO) of the Ministry of
Irrigation, Water Development and Flood Control has prepared standard procedures.

The standard procedures have been laid down in Guidelines for Project Assessment. These guidelines
draw attention to special issues which experience indicate are of importance in Bangladesh. Their aim
is to provide a sound base for decision-makers in choosing between alternative water resource strategies
and investment opportunities.

The present study follows these guidelines closely. However, these procedures are focusing on fiood
control projects. Hence, they cannot be applied to erosion control projects without careful consideration
and modification.

On the one hand, special at*~~" . ,nust be given to information available and collected: (i) data on
relevant aspects of river bank protection works are not accurate and consistent, (ii) benefits are difficult
to quantify.

On the other hand, the mechanism of river bank erosion requires a deviation from the guidelines
regarding the assessment of the damage probability function. Being an erosion protection, rather than
a flood protection project, implies that erosion probability, unlike the flood probability, is not directly
associated with high water levels in the Lower Meghna. Many other factors, e.q. geo-technical
conditions, waves, sudden fall and rises of the water levels, play a decisive role in erosion of the river
banks. Hence, extreme value probabilities have been determined by directly applying the extreme value
theory on recorded and estimated damage rather than on weak regressions between such damages and
the probability of physical phenomena such as high water levels which only partly explain the
occurrence of damages.

10.2.1 cenarios to be evaluated
In agreement with the FPCO-guidelines for project assessment, in the present economic teasibility
analysis of the short term bank protection works a comparison is made between two future scenarios,

(i) the scenario with permanent river bank protection works (with-scenario) ana (ii) the scenario without
such protection works (without-scenario).
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In the without-scenario situation the present day practice regarding river bank repair and maintenance
activities is continued. However, it must be noted that the without-scenario is not equal to the present
situation, but represents an extension of the present situation into the future.

The most likely future situation without the project is surely not the situation in which all interests along
the river bank (urban area, irrigation districts, etc.) will be completely abandoned. If such would be the
case the whole economic added value of e.g. the Bhairab Bazar Bridge. Meghna-Dhonagoda and
Chandpur Irrigation Projects could be'taken into account as benefits to the bank protection projects.

Experience from the past, however, indicate that the mest probable future scenario without the bank
protection projects considered in this study is described by continuous efforts of the authorities to
protect the interests along the river banks in a non-sustainable way by either bank protection works,
haphazardly designed and carried out, or by regular withdrawing of embankments.

This has, in general, the following consequences:

(i) Experience from Chandpur Town protection measures in the past decades, where expenses for
repair and maintenance showed an average growth rate ~¢ - -~ .- wver the last 1u years, and
the repair measures in Bhairab Bazar, where the annual growth rate for these expenses w.
over 25% in the past five years, show that exper ses needed to repair and maintain the present
river bank protection at isolated locations along the water front in the non-sustainable present
practice are likely to increase dramatically in the future. Based on that experience it has been
estimated that such expenses in the without-scenario will increase by an annual ten percent.

(ii) Experience from Chandpur #Hgation Project shows that the embankments will be retired to the
extent bank erosion cannot be stopped by non-sustainable bank protection works, carried out
in an ad-hoc way. For the Meghna-Dhonagoda and the Chandpur Irrigation Districts (Eklashpur
and Haimchar), the without-scenario is therefore characterized by the extrapolation of this
present day practice.

10.2.2 Feri f analysi

The guidelines for project assessment indicate that for FAP project planning a discounting period of 30
years from the start of project construction must be used. No reason has been identified to change this
period for the economic feasibility analysis of river bank protection.

10.2.3 Financial and economic analysis

The analysis of river bank protection is basically an econc—._ _. «aiysis. Consequently, prices used to
calculate benefits and cost are economic prices, reflecting the opportunity cost of goods and services
to the economy. However, financial prices form the baw.: for the economic prices used in the economic
feasibility calculations.

10.2.4 nit_pri nd rat
10.2.4.1 Price level

All prices and cost are expressed in mid-1991 prices in Taka. This conforms to the FPCO-guidelines for
project assessment. =
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.2.4.2 Financial and economic costs

As It was stated before tho ~-_. _..uc analysis is based on the financial analysis in which the financial
cost and benefits are.transferred into economic inputs and outputs by discriminatir'ag between traded
goods, non-traded goods and by applying the corresponding conversion factors to the different
economic resources.

(i) ™ Traded goods

Traded goods refer to all commodities that are traded on the international markets. Traded goods are
valued on the basis of their international border prices, with adjustment for quality, transport cost,
handling charges and marketing margins. All estimates for international prices are derived from the Worid
Bank's Commodity Price forecasts and converted to mid-1991 constant economic prices. Hence, all
internationally traded goods are expressed in Taka-values applying the official mid-1991 exchange rate.

(i) Non-traded goods

The term non-traded goods refers to all items which cannot be valued on the basis of international
border prices: e.g. local nen-exported products, animals, local building materials, labour. Their economic
price is derived from the mid-1991 market.~rice by applying a conversion factor in order to eliminate the
divergence between border prices and domestic prices.

(iii) Conversion factors

The Planning Commission recom~-- 1 a standard conversion factor for Bangladesh. This factor is 0.82
for non-i.aded goods, eauiusive unskilled labour. The shadow wage rate for unskilied labour is obtained
by using a conversion factor of 0.71, reflecting unemployment and under-employment in the rural
economy. No reasons have been identified to deviate from the conversion factors recommended by the
Planning Commission and the FPCO.

10.2.4.3 Value of property

In the economic appraisal of projects much attention is given to the economic value of structures. This
aspect becomes important in the appraisal of river bank protection in Bhairab Bazar, Munshiganj and
Chandpur, where houses, commercial enterprises-and industries are at peril.

Through the socio-economic surveys reliable information was obtained on the value of houses and
enterprises. The survey value represents the cost of materials used, without labour for construction. For
the financial calculation of the cost of destroyed and damaged structures this surveyed value serve for
estimating the cost of destructed and damaged structures. However, the imputed figure does not
represent the construction or replacement value of structures as labour and some other cost factors are
not covered. -

A consistent financial appraisal requires that these costs are included in the value of the structures. The
labour and non-covered components were estimated at 45% of material cost of structures. Hence, the
financial cost of construction could be estimated more accurately.

In the economic appraisal of-fiver bank protection works the economic opportunity cost of structures
must be used, which may be lower than the economic replacement value. The opportunity cost of
destroyed and damaged houses or commercial and industrial enterprises is the net value of production
and services foregone when structures are destroyed or damaged. The following sections highlight the
methods used in the economic analysis. i
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(i - Destruction of habitations

When property has been washed away persons cannot return 1o their homes and caongsequently
economic resettlement cost must be used. However, it is unlikely that all inhabitants will be in the
position to rebuilt a house somewhere else; 25% is estimated to remain homeless. Moreover, the
alternative house is less expensive than the one destroyed. Hence. it seeme ~nnropriate *: ‘mpute for
the economic cost of destroyed habitations a percentage of - tuetion cost after crrrection for the
foreign exchange premium. Details on this assumption are presented in the appendix.

In section F/1.5.1 of the appendix it is explained that €. 5 of the economic construction vaiLe is an
appropriate value for shadow pricing the cost of destroyed houses.

(ii) Destruction of commercial and industrial enterprises

When commercial and industrial enterprises are destroyed by floods it is very likely that traders and
industrialist will engage again in their traditional occupation in one way or another. They may possess

enough savings to start trading again. Or else they could obtain a loan from a supplier, which enables
them to start again.

The replacement value of the destroyed building is less appropriate as for calculation of the economic
cost. One may expect that in Bangladesh considerations of investment security and prestige may have
pushed land and building prices well above their economic value. Hence. their market prices is not a
realistic economic estimator either. Many times the alternative will be to take the rental value: a renter
is not likely to pay a premium for prestige or investment security and thus will not pay a rent higher than
the contribution the land or building can make to the economic activity he proposes to undertake.
Hence, the rental value is more appropriate than the market price or replacement value.

The economic rental value is a good indicator for the annual costing purposes. However, the rent is not
only used for a single year, but applies for the full period of the study: Hence. this rental value should
be discounted over a range of years at an interest rate which refi~~+ - wppullunity cost of capital. The
net present value thus derived can be imputed in the economic appraisal of investments.

The socio-economic surveys give indications on the ren* | value of commercial and industrial buildings.
Details are provided in the appendix. Although, attractiveness of location, floor-space, land value may
have influence on the rental value, it appears from the survey restlts that rents are consistent. For
commercial and industrial enterprises an average rent of Tk. 57,000 per years is found. This value applies
for each of the sites where town protection is evaluated. For more rural areas a lower value is used.
The rental value is discounted over a period of 30 years at an interest rate which refiects the opportunity
cost of capital. In Bangladesh the assumed opportunity cost of capital is 12%. For more details reference
is made to the appendix, section F/1.5.2.

(iii) Damage to houses

Houses near the river bank could be damaged by the erosion force of the river. This does not mean
directly that these houses are destroyed, but merely that part of the walls are damaged or that some
of the foundation works are washed away. In almost all casas it means that the owner will vacate the
house and tear it down, thus saving building materials. With this materials a new home will be built
elsewhere or the owner may sell materials and find other means of accommodation.

For those buildings which are torn down and rebuilt this means in economic terms that the following
cost are involved:

- labour for tearing down the old building; s
- transport cost for bringing materials to a new builciiy sie,
- labour cost for rebuilding the home: and

- additional material cost to replace what was lost.
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Attention must be paid to the fact that a proportion of damaged houses are not rebuilt, simply because
the owners do not possess the financial means to do so. This percentage is estimated at 25% (for more
details reference is made to the Apperdix F/1, Section F/1.5.3). Based on this and the breakdown of
house construction cost and what is needed to rebuild a house, it is estimated that the economic value
lost as a result of house damage is 50% of the construction price. Details are provided in the appendix.

(iv) Damage to commercial and industrial enterprises

Commercial and industrial enterprises damaged by erosion are likely to be left and the owners will start
operation elsewhere. In this respect damage cost are the same as cost of destruction, although with this
difference that hardly any land is lost. Hence, the economic cost of damage to structures is similar to
these cost when buildings are destructed: 1’ is means that the rental value is used as an indicator for the
economic cost. For details reference is made to section F/" 5.2 of the appendix.

Table 10.2.1 indicates which cn=* =" ..cnts have been used for pricing the value of assets. More details

are expiuined in Afinica .

(oection F/1.5 of the Appendix F/1).

TABLE 10.2.1 ELEMENTS FOR CALCULATION OF THE VALUE OF PROPERTY

Element

Financial
appraisal
(Market price)

Economic
appraisal
(Shadow price)

Cost of damage to
habitations

50% of replacement value,
excl. land value

50% of replacement value,
excl. land value(after
correction for foreign
exchange premium)

Cost of damage to
buildings of commercial
and industrial enterprises

Discounted annual rent
(12% and 30 years): Tk.
516,145

Discounted annual rent
(12% and 30 years), after
correction for foreign
exchange premium: Tk.
423,239

Cost of destructed
habitations

65% of replacement value
¢ building, incl. land value

65% of replacement value,
incl. land (after correction
for foreign exchange
premium)

Cost of destructed
buildings of commercial
and industrial enterprises

Discounted annual rent
(12% and 30 years): Tk.
516,145

Discounted annual rent
(12% and 30 years), after
correction for foreign

exchange premium: Tk.
423,238

10.24.4 Agricultural base rates

For the calculation of economic values of land lost due to erosion of the river banks, it has been
considered appropriate to use agricultural base rates. The base rate is a combination of the following
factors:

(i) . Crop economics

In the agricultural areas prone to erosion the loss of irrigated crops can be averted by protection works.
This aspect becomes important for protection works in Chandpur, Eklashpur, Haimchar and Maniknagar.

Hence, the economic appraisal of agriculture must give attention to the crop economics.
After reviewing cropping patterns in the selected project sites it was decided to consider only a limited
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number of crops. The overall importance in the cropping Lu.iern of rice varieties ( and wheat makes the
analysis of other crops needless.

Because the feasibility analysis stretches over a period of 30 years it is necessary to adjust prices of
inputs and commodities. In calculating the economic returns of crops mid-1991 economic prices for the
year 2005 were used. The World Bank's Commaodity Prices forecast served as basis for price calculation.
Table 10.2.2 provides a summary of economic returns per crop.

TABLE 10.2.2 SUMMARY OF NET ECONOMIC RETURNS PER CROP

AREA: 1 ha
PRICES: mid-1991 constant economic prices
VALUES: Tk.

Crop Type Econ.

return

HYV Boro irr. 9522 K
L Boro non-irr. 9 824
B Aus non-irr. 316
LT Aman nor-irr. 6 594
Wheat non-irr. 6755
(i) Land use and cropping pattern

The calculation of the lost economic returns are based on actual land use and cropping patterns. For
lands outside embankments which border the river rice is the sole crop considered. With respect to
Eklashpur and land upstream from Chandpur the land use and cropping pattern in the Meghna-
Dhonagoda project was used. Land use and cropping pattern of the Chandpur Irrigation project apply
for areas downstream of Chandpur and in Haimchar. The Gumti project land use and cropping pattern
has been applied in Maniknagar.

(iii) Agricultural infra-structure

Loss of agricultural land in the three irrigation projects mentioned above would lead to the loss of
irrigation infra-structure. Based on information concerning irrigation projects on the Meghna's left bank
an estimated was made of replacement cost of irrigation infra-structure. The overall value on a per ha
base is calculated at Tk. 1,677, based on the following assumptions (see section F/1.6 of the appendix):

- each low lift pump serves an area of 16 ha;

- economic replacement cost of that part of the ii..gation structures that cannot be removed (e.g.
canals, concrete structures) is evaluated at Tk. 26,835 at mid-1991 prices.

(iv) Value of land

Although it may be argued that for every hectare of arable land lost due to river bank erosion.
somewhere else in the delta area a hectare of new land may become available on a char, the economic
benefits of this new land has been neglected in the evaluation since it normally takes a long time before
such land will give a substantial agricultural produce and the new land is even after that period not
equally productive because of the absence of any irrigation infrastructure. Hence, the economic evalua-
tion includes the value of agricultural land that is lost as a result of erosion.

One may expect that in Bangladesh considerations of investment security and prestige may have pushed
land prices well above their economic value. Hence, the market price is not a realistic economic
estimator. 'In these instances, we will not want to accept the market purchase price as a good estimate
of the economic opportunity cost and must search for an alternative. Many times that alternative will be
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to take the rental value of the land’, according to Price Gittinger (World Bank, 1982), when discussing
the economic value of agricultural land.

The economic rental v='"-~ == _ _ _ou indicator for shadow pricing purposes. The annual rent as a value-
indicator. however, applies to-a specific single year. Hence, the annual rental value has been discounted
over the 30-year study period at an interest rate of 12%, generally been taken as the economic
opportunity cost of capital. The present value (PV) thus derived refiects the economic value of land lost

and can be imputed in the economic appraisal of investments. Details are provided in the Annex F,
Appendix, section F/1.6.2.

The economic value of cropped land is based on share cropping arrangements in the area. For each
individual crop the rent has been calculated as the money value of production quota provided by the
share cropper to the landowner Based on the prevailing cropping pattern in the Meghna-Dhonagoda,
Chandpur and Gumiti irrigation projects the average economic rental value is calculated

For the economic analysis the avoidable losses in (i) production and (ii) land eroded are compared in
the with and without project situation. Using the arrangements for share cropping, which are, like the
production valug, linked to the production only, as an indicator for the value of the land does not imply
any double counting.

10.24.5 Base rates for river works

The cost of the river bank protection works relate to construction and engineering cost. As a result of
the complexity of the river conditions (higt water depths and strong current) and the high level of skill
needed for river bank protection works to be carried out under such conditions. it is envisaged that
gualified contractors with the - .«d construction capacity and equipment are not available in
Banglacesh and thai (i, «uernational competitive bidding by pre-qualified contractors and (ji) supervision
by a qualified engineer with experience in this type of work are conditions for their proper
implementation. The costing of the works has been based on this assumption.

In addition to the construction cost more cost components have to be considered in the economic
analysis, notably monitoring and maintenance cost. Monitoring cost have been based on survey cost
experienced during the execution of this short term river bank study; an acceptable estimate for survey
cost and other monitoring expenses is Tk. 2.0 million (mid-1991 economic prices) per site. Annual
maintenance expenses of protection works have been estimated at 4% of the cost of surface protection;
e.g. open stone asphalt, fascine mattress, boulders in falling apron and grouting of boulders.

Initially the unit prices and base rates for infra-structural works and river training works were based on
the BWDB's Standard Schedule of Rates. The schedule of rates of river training works for the Jamuna
Bridge also served as a guide. These unit rates refer to mid-1990 prices. They have been inflated by the
general price index of 10% in order to adjust prices to mid-1891.

At the later stage, a contractor’'s approach was applied to determine the definitive cost estimate of the
works designed. All cost items have been subdivided into local and foreign components.

10.2.5 Benefits from River Bank Protection Works

When crmparing the *~ ... withiout-project case, the benefits from the river bank protection project
are related to (i) savings and-reduction of costs associated with the present day practice of protecting
the interests along the river bank and (ii) damage occurring due 1o the erosion of the river banks.

Theoretically the best way to identiiy such damages would be to assess a wide range of different
scenarios of damage due 1o the erosion of the river banks (failure of a bank, failure of infrastructure such
as bridges to the complete inundation of irrigation districts), to identify the probability of occurrence and
to calculate in agreement with the FPCO-guidelines the mathematical expectation of the damages
This methodology has been followed where applicable.
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A relation to possible damage to irrigation districts, however, this method could not be applied, since
failure probabilities and the extent of the damage of future likely events could not be easily assessed.
For irrigation districts, therefore a more dete:ministic approach has been applied: (i) definition of a
deterministic future bank protection strategy as discussed in F.2.2 in combination with an expected
erosion rate derived from the geo-morphological study (Annex B). — -

Some of the benefits are associated with population growti, ur economic growth rate. They will,
therefore, increase annually. The FPCO-guidelines give a 3% to 4% growth rate. For the feasibility studies
a growth rate of 3% has been used, as it reflects the econumic growth for Bangladesh over the period
1985 to 1990. However, no information is available for economic growth for each of the project sites
individually.

The benefits thus identified are related to the following aspects:

(i) Cutbacks in maintenance and repair cost

The present and future annual expenses for repair and mdintenance to the eroding river banks in the

situation without appropriate bank protection works will be avoided by the well designed and
constructed protection works.

(ii) Reduction of loss and damage in town areas affected by erosion

.

The estimated present and future annual economic loss and damage due to the bank erosion in the
situation without appropriate bank protection works will also be avoided by the well designed short term
bank protection works. The loss and damage of private and public property have therefore been
evaluated and an estimate of the future annual loss and damage has been made. The estimate has been
based on the value of the identifieu assets in the area prone to erosion and the assumption that the
average value of such assets is homogenously distributed over the urban arn-

Referring to specific sites, specific infra-structural facilities which - .c1y 10 be afiected in the situation
without the permanent bank protection works, deserve special attention: the railway and IWTA terminal
complexes in Chandpur, the railway bridge and oil terminz in Bhairab Bazar, etc.

(iii) Disruption of economic activities

The estimated present and future net revenues of economic activities in the commercial and industrial
areas |ost due to the river bank erosion in the situation without appropriate bank protection works will
be avoided in the project situation with well design bank protection works. Due to the fact that
commercial and industrial enterprises in the project area in the situation with appropriate bank protection
works will no longer be subject to damage, economic activity will be likely to increase.

(iv) R ced damage to th ricultural sector

Proper bank protection works will stop the annual erosion and damage to the agricultural sector and
its irrigation infrastructure in the areas along the eroding river banks. The economic value of the

increased production and the avoided losses to the irrigation infrastructure are benefits of the protection
works.

(v) Social benefits

Employment is the major social benefit. Within the protected area either agricultural or commercial and
industrial activities employ a substantial number of persons. It = ~°  __s wiat permanent erosion
protection works may reduce employment. Another impact of the works could be temporary increase
of employment opportunities during construction, Although, *“ese employment as such is not elaborated

for the individual sites, their economic effects are already incorporated in any disruption of economic
activities.
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v) vironmental i

In general, river bank protection works will have positive and negative environmental impacts and no
cost are attached to mitigative measures for environmental protection. Where environmental monitoring
may be needed, costs are included in overall monitoring.

(Vi) Secondary benefits

Secondary benefits refer to land reclamation in the process of constructing river bank protection. The
economic value of reclaimed land and the employment generated are, however, considered secondary
benefits; Secondary benefits are not identified for the individual protection sites.

10.2.6 Evaluation Crit~-"" " casibility Study

The economic feasibility of the river bank protection works is first evaluated by comparing the
discounted values of benefits against cost. The economic internal rate of return (EIRR) is the discounting
percentage at which the benefits balance cost over the 30-year evaluation period.

A common indicator for the profitability of projects is the net present value (NPV). The economic net
present value for the short term bank protection works has been calculated for a discounting rate of
129%, which is generally assumed to be the opportunity cost of capital.

In addition, the FPCO-guidelines for project assessment require the two net present value ratios (NPVR).
The first one (NPVR(1))is the ratio between the net present value and the present value of public capital
and operation and maintenance cost at financial prices.

The second one (NPVR(2)) is similar, but takes also private capital into consideration in the denominator.
The river bank protection works are likely to be financed by a loan or grant from a development bank.
This means that only public capital will be involved and no private capital will be used to finance the
bank protection works. The two NPVR's therefore will be the same, above.

10.2.7 Data sources

For the collection of up-to-date infarmation on the socio-economic interests of the areas prone to river
bank erosion, a samp!~ .-y was executed for all sites during the months of April and May 1891.
Statistics on a variety of items, e.g. population, national income, were taken from the Bangladesh
Statistical Yearbook 1291.

Data on actual expenditures for maintenance and repair of river bank protection works during the past
years, were obtained from the BWDB. The information collected gives details on procurement and
placing of boulders, fabrication and dumping of blocks and various other components. Information on
the cost of works executed by the BWDB on behalf of the Power Development Board for protection of
transmission towers in Bhairab Bazar was also collected.

From Bangladesh Railway data were received on the cost of maintaining and repairing protection works
for the railway bridge. Furthermore, the railway authority provided valuable information on passenger
and cargo flows crossing the bridge . In particular, the information booklets of Bangladesh Railways are
worth mentioning (B.R. Information books from 1887 to 1890).

The IWTA provided information on the value of their terminal in Chandpur, while Jamuna Oil Company
provided the cost of relocation of the oil terminals in Bhairab Bazar.
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Two very useful reports on agriculture in the Chandpur irrigation project and the Meghna-Dhonagoda
project provided the base for estimation of cropping patterns, The first concerns Paul M. Thompson:
‘The impact of flood control on agriculture and rural development in Bangladesh (1990). Secondly,
Hunting Technical Services Ltd: "Rapid rural appraisal of Meghna-Dhonagoda irrigation project (1991)"
provided useful data.

Information on crop economics were kindly provided by the South East Region Water Resources
Development Program (FAP 5).

|
Reports on earlier feasibility studies and other projects executed in Bangladesh were consulted (e.g.
Gumti phase Il). They form the secondary data sources used for this study. Especially, the economic
study of the Jamuna Bridge project has been consulted.

Report of the Task Forces on Bangladesh Development Strategies for the 1990's
University Press Limited, Dhaka, Bangladesh, 1991. This report was only available at the very last
moment. '

Finally, Lyn Squire and Herman G. van der Tak: "Economic analysis nf nraiects (1975)" and J. Price

Gittinger: "Economic analysis of agricultural projects (1982"" _ _ consulted, 2
10.3 Bhairab Bazar
10.3.1 Present Situation and Previ Studi

Bhairab Bazar, a major inland port in Bangladesh, is located upstream of the confluence of Meghna
River and the old Brahmaputra River. The historical township is a centre of commercial and industrial
activity due to its strategic location at the hub of vital rail, road and water routes.

The present and future position of the township is constantly threatened by the eroding force of the
Upper Meghna River. The river not only threatens commercial and industrial buildings along its
waterfront, but also the railway bridge located north of the town. This bridge is vital in the network of
Bangladesh Railway as it is the only means of crossing the Meghna in the railway network, linking
Chittagong to the eastern part of the country.

The dramatic events in 1988, when not only part of the Railway property was lost, but also severe
damage was caused to the river's right bank at the township, has given new momentum to the search
for sustainable solutions to protect Bhairab Bazar Town and its railway bridge. In the years after the 1988
flood the river bank was damaged again despite the bank protectiom works carried out.

Already in October 1988, almost two month before the dramatic events that reached the natioria
headlines, a report was presented addressing the protr stion of Bhairab Bazar Town. Following the loss
of a considerable portion of Railway property in 1988, various specialists presented reports. In December
1890, DDC submitted a report for the protection of Meghna Raiiway Bridge.

These reports and studies focus mainly on technical aspects of protection works and the costs involved.
The economic feasibility of the proposed works is more difficult to assess. The DDC report for instance
covers only the cost of works and makes a comparison between blocks and stone revetment.

The present study falls within the scope of the Flood Action Plan. Solutions presented must not only be
technically sound, but equally financially, economically and environmentally sound.

The situation in Bhairab Bazar is particular as this location covers two of the eight sites under
consideration, notably the township and the railway bridge. Both are combined in one single economic
feasibility study as the envisaged protection works encompasses the township as well as the railway
bridge. This point of view has been supported by the ADB in a meeting with the Consultants to discuss
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possible ideas of Bangladesh Railways to nrotect only the right abutment of the bridge in the coming
low water season.
10.3.2 Area Affected-
The area covered by the study reaches from the ferr; ghat just North of the railway bridge to the
confluence of the old Brahmaputra River, some three kilometres to the South. Bank protection works
have been designed for the right bank of the Meghna to protect:

- the Town (commercial and industrial buildings),

- the right abutment and first pillar of the railway bridge;

me Jamuna oil terminal,

- the two PDB transmission towers.

10.3.3 Alternative River Bank Protection

Construction of durable protection works on the existing bank of the Meghna would involve the clearing
of a stretch of land along the river bank, where houses and commercial enterprises are located now.
Although this may prove to be an adequat and financially attractive solution for the protection of the
town area and the bridge, it is likely to face strong resistance from the local authorities and population.
Consequently, another proterti~ __,.cept has been studied as well, whereby a new, advanced, bankline
is created away from 1ne existing one.

This latter advanced’ protection concept involves the construction of a complete new bank line, some
twenty metres from the old bank line. This option has been selected for practical reasons. With this
option there is no need to remove all buildings and structures over a 20 m wide strip along the water
front and the alignment can be much smoother. Moreover, a proper slope can be achieved by the
application of hydraulic fill.

For design purposes the accepted failure probability of the protection works has been evaluated. Under
the assumption that maintenance works are realized for 80%, the accepted failure probability for the
protection works designed becomes five times in one thousand years (5.0 E-03).

10.3.4 Benefits of Bhairab Bazar bank protection

10.3.4.1 Reduction of repair and maintenance

From information collected on cost of maintenance and repair of erosion damage, the amounts spent
in the past by the BWDB, Bangladesh Railway and the PDB were calculated. The information collected
referred to accounted amounts for the finarcial years 1985/86 to 1990/91.

The analysis of the avoidable repair =~z maintenance costs as benefits from the bank protection works
designer is based on ' _ ..sumption that such repair and maintenance costs due 1o river bank erosion
can be evaluated by applying the probabilistic extreme value theory to the recorded and estimated
historic records.

‘Advanced’ refers in principie to the position only and not necessarily to advanced technigues.
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10.3.4.2 Loss and damage to properties

Past erosion damage was estimated from records on destruction and damage to property, which were
supplied by the upazila and municipality. The average value of property could be calculated from the
socio-econofic survey results. However, the survey outcome only gives financial construction cost,
which must be converted to economic values. These values for “~=* . __ jouses and commercial
buildings have been calculated as follows:

- the value of houses is estimated at 65% of its economic construction value in order to take
account of the lower quality of replacement homes after destruction:

- the economic value of destroyed commercial and industrial buildings is estimated as the rental
value, thus taking into account that construction cost are not a reliable indicator for shadow
pricing.

As far as property is concerned, which was damaged but not destroyed, the imputed average value used
is a percentage of the total value. For houses and homesteads this percentage is estimated at 15%,
while for commercial and industrial properties it is evaluated at 25%. For details on these estimates
reference is made to Appendix F/1.

Since the data only concern loss and damage of private property a surcharge is taken into account to
reflect the loss and damage of the public infrastructure of the town. Taking into account the average
occupation of public and private infrastructure the total loss and damage to public infra-structure has
been evaluated at 25% of the loss and damage of private property. The final result is presented in Table
F.3.3. More details are provided in the appendix, section F/1.3.

10.3.4.3 Disruption of economic activities

The destruction of commercial and industrial properties leads to a loss in net profits (after payment of
taxes) and employment. The first is considered in the finziicial and economic evaluation, while the latter
is @ social aspect of river bank erosion damage. The computation of losses in profitability assumes that
losses as a result of destruction or damage of property are the equivalent of 12 months net economic
returns (profits). Details are provided in the appendix F/1.

10.34.4 Computation of avoidable repair, maintenance, loss, damage and lost profits

In Table 10.3.1 a summary is presented of the cost of repair and maintenance, losses and damage and
lost net economic return for the years 1985 to 1990. River bank protection would result in a substantial
decrease in losses and consequently the total amount represents avoidable losses. Hence, the benefits
of erosion control works are defined as a saving in future maintenance and repair cost, loss of and
damage to property and profit losses for a scenario where no protection is undertaken. A computation
of these savings over the evaluation period gives the benefit flow.

The annual figures are ranked in size and a frequency is assigned in agreement with their ranking.
Subsequently, the cost are correlated with their frequency by fitting the Gumbel extreme value probability
function. Based on this function and the procedures outlined by the FPCO-guidelines for project
assessment, the expected annual economic cost due to erosion are evaluated.

%
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TABLE 10.3.1 REPAIR AND MAINTENANCE COSTS, LOSS, DAMAGE AND LOST PROFITS
' DUE TO BANK EROSION IN BHAIRAB BAZAR '

PRICES: mid-1891 economic prices

UNIT. Tk, x 1 million
Year REPAIR/MAINT.COST: DAMAGE/LOSS PRIV/PUB.INFRA  LOST GRAND
BWDB  BgdRaill. TOTAL Loss Damage TOTAL PROFITS TOTAL
1885 5.816 0.787 6.703 12.038 7.443 19.481 0.378 26.563
1886 5.378 0.716 £.084 14.640 9.802 24.542 0.635 31.271
1987 -8.658 26.074 34,732 19.995 12.482 32.477 1.459 68.669
1988 15.051 28.205 44256 28.071 17.540 45611 2.503 92.370
1988 10.318 8.995 18.313 16.540 9.614 26.155 1.441 46.909
1930 6.264 7.038 13.300 7.741 4658 ° 12400 0.721 26.420
Sources: Si ' .., oWDB, Bangladesh Flaﬂway“Power Development Board
Notes: —

1) Cost repair and maintenance BWDB includes amount paid by Power
Development Board and the protection expenses of Jamuna Oil Company

2) Deflator of 10% 15 used to adjust expenses for repair and maintenance
(value of deflacor is according to Planning Commisison)

Table 10.3.2 presents the mathematical expectation of annual avoidable costs due to repair, mainte-
nance, loss, damage and lost profits, evaluated at Tk. 50 million economically. Figure 10.3.1 gives the
damage-frequency curve for Bhairab Bazar.

For reasons indicated in Section 10.2.2 a 10% annual growth factor has been applied to the annual
expected value of repair and maintenance (Tk 19 million) when extrapolating the present day practice.
Concerning loss and damage to private and public infra-structure and loss of profit (Tk 31 million), the
annual increase is 3% reflecting the growth and increase of economic activity in the affected area.

10.3.4.5 Disruption of rail transport

Damage to the railway bridge will cause a disruption of rail traffic from and to Dhaka; passengers and
cargo will either divert to other routes and modes or will have to disembark at Bhairab Bazar or
Ashuganj, then cross the river bv fern/ 2nd embark a train to proceed to their destination. This involves
in general additional »- _ ., wie economy, such as (a) economic value of lost time, (b) extra transport
cost for passengers and cargo and/or extra cargo handling cost, (c) repair cost of the bridge and (d)
other cost referring in particular to the expenses needed for upgrading the ferry ghat.

In this study the analysis is based on a review of the passenger and cargo flows presently using the
bridge and their likely alternative route. The additional financial costs are estimated from financial
transport, cargo handling and ferry costs for with and without protection scenarios. By using the
economic conversion factors, the financial costs have been converted in economic prices.

The incremental failure probability of various degrees of damage to the bridge has been assessed,
together with the costs and time required for the repairs. See Appendix G/5 to Annex G.

The total additional transport costs and the costs for repairs can then be evaluated as a (Gumbel
extreme value) function of the failure probability.

On the basis of this damage probability function the expected annual costs have been evaluated at Tk.
17.2 million in financial term. This corresponds to Tk. 14.1 million in economic terms. The following
sections provide details on the calculation of this value.

A detailed description of the methodology is presented in Annex F, Section F.2.5. A summary of the

results is given in Table 10.3.2. This table provides details on the mathematical expectation calculated.
Figure 10.3.1 gives the damage-frequency :urve.
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TABLE 10.3.2 MATHEMATICAL EXPECTATION ANNUAL DAMAGE TO DISRUPTION OF RAIL

TRANSPORT
PRICES: mid-1991 economic prices
UNIT: Tk. x 1 million
Return Convers.
Freq. period Total C&F Cum. to
{non-exc) {yrs) damage  differ. C&F diff. USS x 1M
0.00% 0.000 0.000 0.000 0.000
10.00% 8.588 0.429 0.429 0.012
20.00% 18.188 1.339 1.768 0.049
30.00% 29.072 2.363 4.131 0.115
40.00% 41.637 3.535 7.667 0.213
50.00% 2 56.498 4.907 12.573 0.348
60.00% 74.686 6.559 19,133 0.531
70.00% 98.135 8.641 27.774 0.771
80.00% 5 131.184 11.466 39.240 1.080
90.00% 10 187.682 15.943 55.183 1.538
95.00% 20 244.180 10.797 65.972 1.833
97.50% 300.677 6.811 72.790 2,022 —
99.50% 200 431.861 7.325 80.116 2
99.75% 400 488.359 1.150 81.266 2.257
59.80% 506.548 0.249 81.51F 2264
$9.83% 519.435 0.150 72.950 2.026
99.90% 1000 583.045 10.365 B3.155 2.310
899.95% 619.543 0.296 83.450 2.318
100.00% 864.583 0.353 383.803 2328
100.00%5 1210.051 0.025 83.828 2.329
Notes:
1) Conversionto USS 1 = Tk. 36 _
2) Annual Benefits at economic prices: Tk. 14.136 million

According to what has been explained in Section 10.2 and in line with the FPCO-guidelines, the

expected annual cost avoided through protection works grow annually with a rate of
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FIGURE 10.3.1 DAMAGE-FREQUENCY CURVE FOR BHAIRAB BAZAR TOWN PROTECTION
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10.3.4.6 Disruption of power sup| 'y

Destruction or heavy damaae '~ ** _ power towers will cause disruption of power supply to a number
of indusirial enterprises. INO details are obtained on the end-users of electricity passing the Meghna at
Bhairab Bazar. It can, however, be assumed that almost all electricity going through the power lines is
used by industries, PDB is in the capacity to supply power from other sources or through alternative
routes at additional cost. The additional cost refer to (a) supply of electricity forgone during the period
the transmission towers are out of order and (b) replacement cost of tfransmission towers and lines. A
detailed description of the analysis is provided in Section F.3.4.6 of Annex F. Table 10.3.6 presents the
hasic data and the result of the analysis. The mathematical expectation of the avoidable economic costs
are evaluated at Tk 1.3 million. =

10.34.7 Qil terminal

In Bhairab Bazar there are two oil terminals near the waterfront south of the railway bridge. Without
adequate protection works one terminal will be engulfed within 5 years and the second within 10 years.
According to engineers from Jamuna Ol Company, which were contacted on this subject, it would cost
Tk 20 million to relocate each terminal. No break-down of these cost could be provided by the oil
companies. Hence, protection benefits are the avoidable cost of relocation of these terminals.

In the economic feasibility analysis an amount of Tk. 16.2 million (the economic equivalent of the
financial Tk. 20 million) is imputed in 1998 and 2003 to reflect the avoidable costs as a benefit to the
bank protection works.

10.3.5 Costs of the River Bank Protection Works

The economic costs of the advanced protection concept are evaluated at Tk. 463.6 million or USS 12.9
million. A breakdown of the economic costs is given in Table 10.3.3. An estimated 53% of the total
investment cost are local currency expenditures, while the foreign component amounts 10 47%.

Table 1033 ECONOMIC INVESTMENT COSTS FOR THE BHAIRAB BAZAR BANK PROTECTION

WORKS
PRICES mid-1991 economic prices
UNIT US $ x 1,000
No Summary TOTAL LOCAL EXPAT. IMPORTED LOCAL PLANT
LABOUR LABOUR MATERIALS MATERIAL & FUEL
1 Dredaing 50883 : 33813 1707.0
2 Working/material area 102.2 24.7 358 417
3 Earhworks above SLW 2581 86.5 171.6
4 Clear site and reinsiale 17.7 6.2 115
5 Open stone asphall 664.4 503 122.7 3328 1585
& Fascine matress 14255 422 43872 6138 3314
7 Boulders in faling apron 11482 53.2 £84.2 4109
B Grounting of boulders 867 36 78.9 42
9 Containmeni bunds = 00
10 Construction cost and supervision 5256 378.0 127.9 19.7
11 Mobilizalion/demobilization 482 . 482
COST OF MATERIALS AND WORKS 9 366.0 2666 378.0 738.0 51465 2B369
Physical conungencies (10%) 89366
TOTAL COST OF MATERIALS AND WORK 103026
Contractors margins antize- ' 18732
TL /AL CONSTRUL 1w COST 121758
Engineering and supenvision (7 5%) 7024
TOTAL INVESTMENT COST 128782 /
Total Tk x 1M 4636
Notes
1) Overall lokal cost component 1S 53 5%
Overall loreian cost component is 46.5%
2) Annual mainienance is estimaled as %-age ol surface prolection: open slone asphall,
fascine matress, boulders in lalling apron and grounting of boulders Percentlage: 4%
S annual maintenance cost are estimated al T 4.8 million

3) Conversion 1 USS = Tk 36
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Annual monitoring and maintenance costs of the bank protection designed have been evaluated in
agreement with the assumptions presented in Section 10.2 at Tk 4.8 million in economic terms. Al this
stage it can be assumed that costs for environmental monitoring will be low and can be covered from
the normal monitoring budget.

Budgetary estimates are based on the annual monitoring and maintenance =~ _.dJ are elaborated in

financial terms taking into account a 10% inflation rate. The foll~ .. ., wudgets will be required: Tk 8.2
million in 1993, gradually increasing to Tk 13 millien in 1298 and Tk 35 million in 2008.

10.3.6 Economic feasibility analysis

In Table 10.3.4 the economic cash flow is given.

The economic net present value for the short term bank protection works in Bhairab Bazar, evaluated
at a discount rate of 12%. is equal to Tk. 446 million. The NPVR. being the ratio between the net present

vaiue and the present value of public capital and operation and maintenance cost at financial prices Is
evaluated at 0.75. :

A sensitivity analysis was carried out to investigate to what extent the EIRR depends on changes in

investment cost, monitoring and maintenance expenditure and estimated value of benefits. Results are
summarized in Table 10.3.5

The conclusions drawn from this chapter comprise the following:

(a) The bank protection warks show an EIRR of about 21% and are fully justified in economic terms.
~ (b) The rate realized is well above the interest rate normally required by (interr~tinnal) develo, nent
banks. In this respect, interest obligations and repayment ¢~ -y De guaranteed.

(e) The NPV at 12% is positive, which indicates that the ' te of return is above this discount rate.

In view of a scarcity of development resources, this project may very well obtain the priority of
the Government.

10.3.7 Delays in construction

An increase of the construction period envisaged means that the estimated benefits come into effect on
a later date This leads. in general, to a lower economic internal rate of return. With respect to the
standard and improved protection concepts the estimated construction period is one year. Doubling of
the construction period leads to a negligible reduction in the economic internal rate of return of the
project. No arguments can be found to increase the construction period even more Within one year and
at most two years the work can be carried out.
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TABLE 10.3.4 ECONOMIC CASH FLOW FOR THE BHAIRAB BAZAR BANK PROTECTION

PRICES: mid-1291 economic pnces
UNIT: Tk. x 1 milion
STARTI 1983

CONST ‘1 years
! EIRR: 2{152%] NPV: 445 < NPVR1: 0.75
WITH-PROJECT SITUATION COST. PROJ=CT BENEFITS! CASH Casn F
Year Invest. M&M Other Total T.oro:  ProtRb. Pw.Sup Oilterm. Total FLOW  {USsx1M)
1883 4E3.6 6.6 25. 4727 727 =131
18954 0.0 6.6 b 2.1 58.7 154 1.4 76.5 67.4 1.8
19835 6.6 B3 e B63.2 16.9 1.4 BO.6 .5 2.0
1996 6.8 g3 a1 875 16.4 15 B4.9 75.8 21
1857 - 2.3 9.1 e 16.9 1.5 B2.6 BO.S 22
1958 o % &8 2.3 9.3 75.7 17.4 1.6 16.4 5 i P 102.0 28
1885 6.8 2.3 9.1 BO.6 17.9 1.6 100 81.0 25
2000 6.8 2.3 9.1 8s.2 1B.4 b B 1058 96.8 27
2001 6.8 23 i g1.86 18.0 = 112.3 103.2 25
2002 6.8 2.3 8.1 7.8 19.6 1.8 1181 110.0 34
2003 6.8 2.3 8.1 104.2 202 1.8 126.4 117.3 3.3
2002 6.8 23 9.1 111.B 20.8 1.8 134.4 125.3 35
2005 6.8 23 9.1 118.7 21.4 1.8 143.0 1338 3.7
2005 6.8 23 9.1 128.4 22.0 20 152.4 143.3 4.0
2007 8.5 2.3 =R 1378 227 2.0 162.5 183.4 4.3
2008 6.8 2.3 8.1 148.0 23.4 2.1 16.4 1889 1808 58
2009 6.8 2.3 8.1 158.2 24 22 185.4 1763 49
2010 6.8 2.5 8.1 AR 248 22 198.4 185.3 53
201 6.8 2.3 9.1 1B4.6 255 2.3 2125 203.3 5.6
2012 6.8 2.3 9.1 189.1 26.3 2.4 227.8 218.7 6.1
2013 6.8 2.3 8.1 2149 271 2.4 244 4 2353 8.5
2014 6.8 2.3 81 232.2 27.9 25 2626 253.5 7.0
2015 6.8 2.3 8.1 2514 28.7 26 2824 2733 7.6
2016 6.8 23 9.1 2.7 29.6 27 304.0 284.9 82
2017 6.8 23 81 25853 305 27 3275 3184 B8
2018 6.8 23 a1 3188 31.4 28 3532 3440 8.6
2018 6.8 23 8.1 3458 32.3 28 381.2 3721 10.3
2020 6.8 23 g1 3753 333 3.0 4118 4027 112
2021 6.8 2.3 9. 407.9 34.3 3. 4452 4351 121
2022 e 2.3 = | 4533 253 3.2 481.8 &a72.7 131
SUM 463.6 2036 69.5 73568 5312¢% £698.5 62.6 328 61068 5370.0 148.2
Notes:
1) INVESTMENT COST:
Th.x 1M 483.6 PV (12%) benefits:
2) O&M COST (Tk. x 1M1: MTk. 933.7
Maintenance T 48
Survey cost 20
3) OTHER COST:
Tk. x 1M 228
4) BENEFITS (Tk. x 1M):
Savings damage/loss 318
Annual increase 3%
Savings repairymain: 18.0
Annual increase 10%
Damage railway bndée 141
Annual increase 3%
Damage power supply 1.3
Annual increase 3%
Re-loacton oil terminal 164 {in 1998}
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TABLE 10.3.5 RESULTS OF THE SENSITIVITY ANALYSIS FOR BHAIRAB BAZAR

VALUE EZconomic internal Rate of Return (EIRR)
UNIT: percent
Cnange CHANGE IN BEN=FITS:

Investm. -305%: -20%: -10% 0%= 10% 20% 30%}
-30% 20.08% 2243% 24.75% 27.04% 25.33% a1 B£1%  33.89%
20%  18.19%  20.30% 22.37% 24.41%  25.43% 28.44% 30.45%
-10% 16.67% 18.60% 20.48% 22.32% 2:.14% 25.95% 27.75%

0% 1541% 17.20% 18.93% 20.@' 229% 23.93% 25.56%
10%  14.34%  16.02% 17.63% 19.20%  20.74% 22.26% 23.76%
20% 1342%  1500% 16.52% 17.89%  19.43% 20.84% 22.23%

30%| 1261% 14.12% 1555%  16.94%  15.29% 19.62%  20.92%

Change CHANGE IN BENEFITS:
M&M -30% -20% 10% 0% 10% 209 30%| _
-30%; 15.78% 17.57% 18.31% 21.01% 22.88% 24.34% 25.98¢5:
20%  15.66% 17.45% 19.18% 20.88% 2255%  24.20% .
10%  1553%  17.32%  19.06%  2075% 2042% 24079 25.70%

0% 15.41% 1720% 18.93% 20.62% 2229% 235.% 25585
10%  15.29%  17.08% 18.81% 2049% 2215% 2380% 25.43%
20% 15.17% 16.96% 18.68% 20.37% 22.02% 23.66% 25.29%
30% 15.05% 16.84% 18.56% 20245  21.89% 2253% 25.15%

10.4 Munshigani
10.4.1 Introduction

Munshiganj, the centre of potato growing in Bangladesh is located on the Dhaleswari River. As a result
of the importance of potato growing in the region, the town harbours a large number of cold storage

and industrial buildings along its waterfront. Until this moment only snm~ =" __ ware made to protect
the ferry ghat by the Roads and Highway Department, while the Muiucipality and private firms undertook

10.4.2 Area Affected

The area covered by the study reaches from the ferry ghat West of the town to the wharf some three
kilometres to the East. Bank protection works have been designed along the right bank of the Dhaleswari
River to protect:

- the road along the right bank,

. the Town (commercial, industrial buildings),

- habitations,

- the ferry ghat upstream.
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104.3 Alternative River Bank Protection Works

The erosion along the perimeter of Munshiganj is not due to earth slides into deeply scoured river
channels, but rather due 1o wave attack. At most locations there seems 10 be a foreland with a width
of 25 to 50 or more meters. Construction of a durable protection works can be achieved by a revetment
made on a re-constructed embankment The embankment could be'made of dry fill (sand). Once the
new embankment has been made it can be covered with a revetment. There are suitable locations for
stockpiles of sand outside the present embankment for which this alternative would not face resistance
from the local authorities and population

10.4.4 Benefits nf b4 _un] bank protection
10441 Reduction of repair and maintenance

The information collected referred to accounted amounts for the financial years 1985/86 to 1990/91.
From nformation collected on cost of maintenance, damage and repair, the amounts spent in the pasl
by the Road and Highway Department and the Municipality on these aspects were calculated.

The analysis of benefits that can be attributed to the permanent river bank protection works to be
designed in this project is based on the general assumption that the repair and maintenance expenses
are directly related to the bank erosion

Future benefits of permanent bank protection works have been estimated as the avoidable annual costs

of the non-permanent and non-sustainable bank protection works being carried out in the future in the
without-scenario.

10.4.4.2 Loss and damage to properties

To assess the historic losses, damage and economic revenue lost due to bank erosion a socio-economic
sample survey was carried out and data wre collected from the upazila and municipality. Table 10.4.1
provides details on the destruction and damage of structures during the past years.

The ave-age value of | .y was calculated from the socio-economic survey results. However, the
survey outcome only give financial construction cost, which must be converted to economic prices. The
economic value for destructed houses and commercial buildings has been calculated as follows:

. the value of houses is estimated at 65% of its economic construction value in order to take
account of the lower quality of replacement homes after destruction;

- the economic value of destroyed commercial and industrial buildings is estimated as the rental
value, thus taking into account that construction cost are not a reliable indicator for shadow
pricing

Average value of damaged property is the value of repairs as a percentage of the total construction
value. For houses and homesteads this percentage is estimated at 15%, while for commercial and indus-
trial properties it is evaluated at 25% For details reference is made to the Appendix F/1.

Since the data only concern loss and damage of pgvate property a surcharge is taken into account to
reflect the loss and damage of public infra-structure of the town. Taking into account the average
occupation of public and f-ivate infra-structure the total loss and damage to public infra-structure has
been evaluated at 25% of the loss and damage of private property. The final result is presented in Table
10.4. Reference is made 1o Appendix F/1.
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10.4.4.3 Disruption of economic activities

The destruction of commercial and industrial properties leads to a loss in net profits (after payment of
taxes) and employment. The first must be accounted for in the economic evaluation. while the latter is
a social aspect of flood damage. The computation of losses in profitability assumes that losses due to
the destruction or damage to property are-the equivalent to 12 = - <L BCONOMIC returns.

10444 . Computation of avoidable repair, maintenance, loss, damage and lost profits

In Table 10.4.1 a summary is presented of the cost of repair and maintenance, losses and damage and
lost net economic return for the years 1985 to 1990. River bank protection would result in a substantial
decrease in losses and consequently the total amount represents avoidable losses. Hence, the benefits
of erosion control works are defined as a saving in.future maintenance and repair cost, loss of and
damage to property and profit losses for a scenario where no protection is undertaken. A computation
of these savings over the evaluation period provides the cash flow of bensfits.

E TABLE 10.4.1° REPAIR AND MAINTENANCE COSTS, LOSS, DAMAGE AND LOST PROFITS
DUE TO BANK EROSION IN MUNSHIGANJ

PRICES: mid-1991 economic prices
UNIT: Tk. x 1 million

Year REPAIR DAMAGE/LOSS PRIV/PUB.INFR  LOST GRAND
COST - Loss  Damage TOTAL PROFITS TOTAL
1985 0.000 4.777 3.018 7.795 0.811 8.607
1986 0.000 7.960 6.870 14.830 ~ 1053 15885
1987 1.240 15.152 11842 27- 1.868 30.202
1988 0.598 25.420 21.508 46.928 2.692 50.217
1989 0.000 30.097 26.599 56.696 2.293 58.989
1980 1.093 20.236 17.643 37.879 1.339 40.311

Sources: Field survey

Notes:

1) Deflator of 10% is used to adjust expenses for repair and maintenance
(value of deflacor is according to Planning Commisison)

Table 10.4.2 presents the mathematical expectation of annual avoidable costs due to repair, mainte-
nance, loss, damage and lost profits, evaluated at Tk. 30 million economically. Figure 10.4.1 gives the
damage-frequency curve for Munshigan.

As a result of an ongoing erosion over the years the expected valud of the annua! avoidable costs
identified above are assumed to increase. With respect to damage, destruction and loss in profits, it is
expected that the annual increase will be 3%. This reflects the expected economic growth for
Bangladesh and is not relatec to changes in the prices of commodities. Concerning repair and
maintenance expenses, the annual increase of these is evaluated at 10%. because in the present-day
practice of the without-scenario repair and maintenance expenses are expected to increase in the future.



TABLE 10.4.2 MATHEMATICAL EXPECTATION OF ANNUAL AVOIDABLE COSTS IN

MUNSHIGANJ
PRICES: mid-1991 economic prices
UNIT: Tk. x 1 million
Return REAPAIR AND MAINTENACE: LOSSES AND DAMAGE: GRAND Covers.
Freq. period Total CA&F Cum Total CE&F Cum TOTAL to
(non-exc) «~ (yrs) cost differ. C&F diff. cost ditfer.  C&F diff. USs x 1M
0.00% 0.000 0.000 0.000 = 0.000 0.000 0.000
10.00% 0.000 0.000 0.000 0.851 0.043 0.043 0.043 0.001
20.00% 0.000 0.000 0.000 . 4736 0.279 0.322 0.322 0.008
30.00% 0.000 0.000 0.000. 9.141 0.694 1.016 1.016 0.028
40.00% 0.000 0.000 0.000 14.226 1.168 2.184 2.184 0.061
50.00% 2 Ll 0.003 0.003 20240 - 1.723 3.907 3.911 0.109
60.U0% .. b.aEm 0.019 0.022 27.601 2.392 6.299 6.321 0.176
70.00% 0.600 0.045 0.087 ~ 37.091 3.235 9.534 9.601 0.267
80.00% 5 1.021 0.081 0.148 50.466 4,378 13.812 14.060 0.391
90.00% 10 1.741 0.138 0.286 73.331 6.190 20.102 20.388 0.568
95.00% 20 2.461 0.105 0.291 96.185 4.238 24.340 24.731 0.687
98.00% 50 3.413 0.088 0479 126.421 3338 27.678 28.159 0.782
99.00% 100 4.133 0.038 0.517 149.286 1.379 29.058 29.575 0.822
99,50% 200 4.853 0.022 0540 172.151 0.804 29.861 30.401 0.844
99.80% 500 5.805 0.016 0556 202.376 0.562 30.423 30.979 0.861
99.80% 1000 8.525 0.006 0.562 225241 0.214 30.637 31.199 0.867
Notes:
1) Coversionto US$ 1 = Tk. 36

FIGURE 10.4.1 DAMAGE-FREQUENCY CURVE FOR MUNSHIGANJ TOWN PROTECTION
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10.4.5 ts of the river bank prot

ion work

The economic costs of protection works are evaluated at Tk 215 million or USS$ 6.0 million. A breakdown
of the economic costs is given in Table 10.4.3. An estimated 31% of the total investment cost are local
currency expenditures, while the foreign component amounts to 69%.

Monitoring and maintenance of protection structures is an important compaonent, which affects directly
the sustainability of protection works. Monitoring and maintenance are an integral part of river bank
protection, the probability of failure of the structures may very well increase rapidly in the future if they

are poaor.

Manitoring activities comprise squnding of bed and bank level. They are estimated at Tk 2.0 million per
annum in economic terms. After critical judgement of the protection works it is further assumed that

annual maintenance of 4.0% of the investment costs of all r

evetment components is required.

Consequently, annual maintenance for the protection works has been evaluated at Tk 2.8 million in
economic terms. Budgetary estimates are based on the annual monitoring and maintenance costs and

are elaborated in financial terms taking into account a 10%

be required in financial terms: Tk 9.4 million in 1998 and Tk 24 million in 2008.

rate of inflation. The following budgets will

TABLE 10.4.3 ECONOMIC INVESTMENT COSTS ="~ . MUNSHIGANJ BANK
PROTECTION WORKS

n

PRICES: mid-1981 econumic prices
UNIT: US $ x 1.000
No Summary TOTAL LOCAL EXPAT. IMPORTE LOCAL PLANT
LABOUR LABOUR MATERIAL MATERIAL & FUEL
1 Dredging 12076 805.1 402.5
2 Working/material area 116.9 31.3 7.8 77.8
3 Temporary access, diversion and culverts 89.9 10.4 55.4 B.2 259
4 Earthwaorks 399.9 114.8 285.1
5 Open stone asphalt 575.4 . 434 106.0 287.5 1385
6 Fascine matress 10933 31.9 331.0 480.1 250.4
7 Boulders in falling apron 161.3 7.5 96.1 57.7
8 Grounting of boulders 95.6 4.0 87.0 4.6
9 Clear site and reinstate 36.4 104 25.9
10 Construction cost and supervision 491.7 426 399.9 328 16.4
11 Mobilization/demabilization 65.6 65.6
COST OF MATERIALS AND WORKS 43436 296.3 399.9 1395.8 983.0 1268.5
Physical contingencies (10%) 4344
TOTAL COST OF MATERIALS AND WORKS 47780
Contractors margins and fees (20%) B868.7
TOTAL CONSTRUCTION COST 5646.7 =
Engineering and supervision (7.5%) 325.8
TOTAL INVESTMENT COST 59724
Total (Tk x 1M) 215.0
Notes:
1) Overall lokal cost component is 30.8% N
Overall foreign cost component is 69.2%
2) Annual maintenance is estimated as %-age of surface protection: open stone asphalt,
fascine matress, boulders in falling apron and grounting of boulders, Percenta 4%
So, annual maintenance cost are estimated at Tk. 2.8 million
3) Conversion: 1 US$ = Tk. 36
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1046 Econe=  [casipiity analysis
In Table 10.4.4 the economic cash flow is given. The short-term bank protection works give an economic

rate of return of 16.1% which above the assumed opportunity cost of capital for this type of projects as
well as in Bangladesh (12%).

The economic net present value evaluated at a discount rate of 12%, is equal to Tk 76.1 million.
The ratio between the net present value and the value of public capital and operation and maintenance
costs at financial prices (NPVR) as required by the Guidelines for Project Assessment has been

 evaluated at 0.27.

A sensitivity analysis was carried out to take into account the uncertain future events and imperfect data.
This implies an analysis of the economic internal rate of return as function of changes in investment cost,
monitoring and maintenance-expenditure and estimated value of benefits. The results are summarized
in Table 10.4.5

Erom the economic evaluation, The following conclusions can be drawn:

(i) The bank protection works show an EIRR of 16% and are fully justified in economic terms.

(ii) The rate realized is well above the i .terest rate normally required by international development
banks. In this respect, interest obligations and repayment can easily be guaranteed.

(iii) Ihe NPV at 12% is pasitive, which indicates that the rate of return is higher. In view of a scarcity
of development resources, this project may very well -obtain the priority of the Government.
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TABLE 1044 ECONOMIC CASH FLOW FOR THE MUNSHIGANJ BANK PROTECTION

PRICES: mid-1991 economic prices

UNIT: Tk. x 1 million
STARTING: 1993
CONSTR: 1 years
|EIRR. 16.11%) NPV: 76.1  NPVR1: 0.27
WITH-PROJECT SITUATION COST: BENEFITS: CASH CashF |
Year Invest. M&M Other Total Tewn prc.  Rep/main Total FLOW  (USsSxim) |
1993 215.0 4.8 0.2 2200 -220.0 8.1
1994 0.0 4.8 0.2 5.0 326 0.7 333 284 0.8
1995 0.0 48 0.2 5.0 336 o8 34.4 294 08
1996 48 0.2 5.0 346 0.9 355 30.5 0.8
1997 4.8 0.2 5.0 357 1.0 36.6 316 0.8
1998 4.8 0.2 50 <~ 367 1.1 37.8 328 0.8
1999 4.8 02 5.0 37s 1.2 39.0 34.0 0.8
2000 4.8 0.2 5.0 35.0 1.3 40.2 352 1.0
2001 48 0.2 5.0 40.1 1.4 3135 3835 1.0
2002 4.8 0.2 5.0 41.3 1:5, 42.9 379 1.1
2003 48 0.2 5.0 4286 1.7 443 38.3 1.3
2004 4.8 0.2 5.0 438 1.9 457 407 1.1
2005 4.8 0.2 5.0 43.2 2.0 47.2 422 1.2
2006 4.8 02 5.0 46.5 2.3 48.8 438 1.2
2007 4.8 0.2 5.0 -47.8 25 50.4 45.4 1.3
2008 4.8 0.2 5.0 49 4 2.7 321 471 1.3
2009 4.8 02 5.0 50.8 3.0 538 48.8 1.4
2010 48 0.2 5.0 324" 3.3 55.7 50.7 1.4
2011 4.8 0.2 5.0 53.9 3.6 578 52.6 1.5
2012 ‘4.8 0.2 5.0 55.6 4.0 59.5 546 1.5
2013 4.8 0.2 5.0 57.2 4.4 61.6 56.6 1,6
2014 4.8 02 5.0 58.9 _48 .63.8 58.8 1.6
2015 4.8 0.2 5.0 60.7 o 6.0 61w 1.7
2016 4.8 0.2 50 67 c 3.8 68.4 63.4 i
2017 4.8 0.2 5.0 64.4 6.4 70.8 65.8 1.8
2018 48 0.2 50 66.3 71 734 68.4 1.9
2019 4.8 0.2 5.0 68.3 7.8 761 711 20
2020 48 0.2 5.0 704 8.6 789 73.9 21
2021 4.8 0.2 5.0 72.5 S.4 B1.3 76.9 21
2022 4.8 0.2 5.0 74.7 104 85.0 80.0 22
SUM 215.0 143.2 6.5 384.6 1475.5 106.8 1582.2 12176 338
Notes:
1) INVESTMENT CQST:
Tk.x 1M 215.0 PV (12%) benefits:
2) M&M COST (Tk. x 1M): MTk. 3452
Maintenance 2.8
Survey cost 20
3) OTHER COST:
Tk.x 1M 0.2
4) BENEFITS (Tk. x 1M):
Town protection 299
Annual increase 3%
Reduction rep/main 0.5
Annual increase 10%
5) Conversion US$ 1 = Tk. 36
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TABLE 10.4.5 RESULTS OF THE SENSITIVITY ANALYSIS FOR MUNSHIGANJ
VALUES: Economic Internal Rate of Return (EIRR)
UNIT: percent
Change CHANGE IN BENEFITS:
investm. -30% -20% -10% 0% 10% 20% 30%|
-30%, 15.18% 17.43% 19.63% 21.81% 23.96% 26.10% 28.24%
-20%, 13.53% 15.56% 17.54% 19.48% 21.40%  23.30% 25.18%
0% 1219%  14.06% 1586% 17.63% 19.36% o 21.07%  2277%
0% 11.06% 1281% 1148%[ 16.11% 17.70% 19.26%  20.81%
o 10.119 V9% 13.31%  14.83% 16.30%  17.75% 19.18%
20% 9.28% 10.83% 12.31% 13.73% 15.12% 16.47% 17.80% .
30%, 8.54% 10.03% 11.43% 12.78% 14.09% 15.36% 16.61%
Change CHANGE IN BENEFITS:
ME&N -30% -20% -10% - 0% 10% 20% 30%
-30% 11.72% 13.46% 15.14% 16.77% 18.36% 19.94% 21.50%
-20% 11.50% 13.24% 14.92% 16.54% 18.14% 19.71% 21.27%
-10%; 11.28% 13.02% 14.70% 16.32% 17.82% 18.49% 21.04%
0% 11.06% 12.81% 14.48% 16.11% 17.70% 19.26% 20.81%
10% 10.85% 12.58% 14.26% 15.89% 17.48% 19.04% 20.59%
20% 10.63% 12.38% 14.05% 1567% 17.26% 18.82%  20.36%
30% 10.41% 12.16% 13.84% 15.46% 17.04% 18.60% 20.14%
10.4.7 Displacement of population

From the socio-economic survey of Munshiganj foliows that in the area prone to erosion live 4,260
persons. These persons would be displaced in the coming 30 years if no protection works are built. As
no detailed geo-morphological information is available on bank-migration per five-year period, we

assume that migration will be the same for each five-year period.

Based on the Statistical Yearbook of Bang.udesh for 1991 (table 2.08, page 45), the annual population
increase was 2.17% over the last 10 years. Using this factor for the coming 30 years would give total
numbers for each five-vioor =

.—w, see table 10.4.6.

TABLE 10.4.6 DISPLACEMENT OF POPULATION IN MUNSHIGANJ

Period Number of
persons
displaced
1993-1998 790
1998-2003 880 _
2003-2008 980
2008-2013 1,080
2013-2018 1,210
2018-2013 1,350 °
Total 6,300

Source: Socio-economic

survey 1391
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10.5 Chandpur Town (Nutan/Puran Bazar)
10.5.1 Present Situation and Previous Efforts {o1 Protection

="

Chandpur is an important inland harbour on the Lower Meghna. Its location on one of the waterways
leading to Dhaka and India has made Chandpur a centre of commercial and industrial activity. In the
old days the town played an important role as the point where railway and river transport mel. Although
the importance of railway transport has declined, Chandpur is at present, and will remain so in the‘future,
beyond any doubt an impontant trading and industrial centre in the national economy of Bangladesh:

The present and future position of the township is nevertheless constantiy threatened by the eroding
force of the Lower Meghna River. The river not only threatens public assets and private commercial and
industrial buildings along its waterfront, but could make Chandpur into an isolated island, completely
surrounded by the waters of the Meghna. The serious tnreat by the ever active and unpredictable river
has been for years the focus of studies and research. -

Events since 1988, when part of the township disappeared in the river, have given new momentum to
the search for sustainable solutions to protect Chandpur. In the period after the 1988 cyclone the river
caused almost every year damage to the olc town, in spite of erosion control works carried out.

During the past seasons embankments downstream of Chandpur have been severely damaged,
threatening the Chandpur Irrigation project. Upstream of the town the river “~~lg are erode. causing
the loss of irrigated agricultural lands in the Meghna-Dhonagori~ . _uuon District. The migration of the
river bank towards the east has progressed every year and for the foreseeable future erosion will
continue.

Much efforts have been made to protect Chandpur against the waters of the Meghna. Before BWDB
embarked on measures for protection of Chandpur town, Bangladesh Railway had already tried to
protect the railway station at Nutan Bazar by dumping large quantities of boulders on the river bank.
From the early seventies onwards protective works started under the umbrella of BWDB.

As a result of the protection works executed by the Bangladesh Railway and later by the BWDB, the rate
of migration of the river bank has considerably been reduced, contributing also in the protection to the
Meghna-Dhonagoda and Chandpur Irrigation Districts, north and south of the town. However, in spite
of all the (temporary and emergency) bank protection works carried out so far, the left bank of the
Meghna, both upstream and downstream of Chandpur town has shown considerable migration. Without
proper action and permanent river bank protection works. this will eventually lead to thie outflanking of
the town.

In this light one may assume that sooner or later measures will be taken against such a drastic shift of
the Lower Meghna. At whatever time such measures are taken, the nature of the guiding or harnessing
works will probably not be very different. The only difference, overall, as to the timing of the regulation
works will be the width strip of land and infra-structure that has been eroded by the river.

10.5.2 Area Affected

The river bank protection works aim at a sustainable protection of the area of the town and its
associated benefits. As a result of the short-term works designed it is expected that bank erosion at
Chandpur town will be stopped completely. Moreover, there will be mitigating effects of the bank erosion
immediately upstream and downstream of the town, increasing the protection of parts of the Meghna-
Dhonagoda and Chandpur Irrigation Districts.
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The area covered by the feasibility analysis consists therefore of the town area and the area of influence
upstream and downstream of the town. It can be divided in four parts, notably:

- town area of Chandpur (Nutan and Puran Bazar);
< river bank of the Lower Meghna upstream of the town:
: river bank downstream of Chandpur; and

- the left and right bank of the Dhakatia river including the BIWTA terminal.

10.5.3 Alternative river bank protection works

Construction of durable and sustainable protection works (bank revetment) on the existing bank of the
Lower Meghna at Chandpur is not a feasibl. option. It would involve the destruction of houses to create
a stable slope and a work space while the river bank line has become so erralic, that construction of
an acceptable slope is diffi~** = _ _,ore. the option under review is based on an advanced protection
concept which involves tne canstruction of a complete new bank line, at some distance from the old
bank line. A characteristic in this type of constructions are containment bunds with hydraulic fill behind,
which facilitate construction of stable slope (see Annex C).

Should it not appear to be possible to “hang on" to Chandpur, which is in fact the only site along the
Lower Meghna where major protection works have ever been made, then the question arises how far
the Lower Meghna will continue to shift in easterly direction. In view of historical trends and in view of
the fact that more easterly courses (from the confiuence of Upper Meghna and Padma till the Bay of
Bengal) do not appear to impose more hydraulic resistance on the river flow, there is no good reason
10 assume that such a further shift will be minor. A shift of, say, 50 km during the next couple of
centuries would not be out of line with historical developments. In principle no nett erosion will result
from such a shift, but the entire infrastructure in this strip km will be destroyed and will later have to be
rebuilt on the future right bank of the Lower Meghna. Also the accumulated social consequences will,
1o say the least, be substantial, consequences which go beyond establishing the economic feasibility
of the required short-term measures.

1054 Benefits of Chandpur town protection

10.5.41 Reduction in maintenanc~ and repair expenses

Expenditures on erosion protectin~ = ks in Chandpur have been collected from BWDB for the period
1881-1870. The inform.__.... conected refers to real financial expenditures which have been deflated by
an annual 10% to refiect the mid-1921 price level.

The analysis of benefits is based on the general assumption that the repair and damage expenses are
directly related to the bank erosion. However, expenditure in one year does not always relate to the very
year that damage occurred; design, decision on allocation of funds form the major bottleneck for direct
action after damage happens. The recorded and estimated expenses on repair and maintenance have
therefore been incurred to the year the erosion damage occurred.

Future benefits of the permanent bank protection works can be estimated as the avoidable annual costs
of the non-permanent and non-sustainable bank protection.works being carried out in the future. The
analysis has been based on the assumption that damage and repair expenses are a associated with a
series of extreme conditions, referring not only to the recorded high water levels, but also regarding
extreme geo-technical conditions. wave attack, etc. Therefore, the probabilistic extreme value theory is
directly applied to the repair recorded and estimated in relation to bank erosion
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permanent protection works the national and regional authorities will pursue the protection of the town
with all possible means. Hence. it is very likely that the expenditures in the past are a poor reflection of
what may happen in the future. When extrapolating the present practice. therefore, an annual growth
rate of 10% is applied to the annual expectation value of the repair and maintenance costs during the
30 year evaluation period.

10.5.4.2 Loss and damage to properties
To be able to assess the historic losses, damage and economic revan: Jue 1o bank zrosion a
socio-economic sample Survey was carried out and data weie collected from the upazila and

The average value of Property could be calculated from the socio-economic survey results. However,
the survey outcome only give financial construction cost. which must be converted to shadow prices.
The economic value for destructed houses and economic buildings has been calculated as follows:

- the value of houses is estimated at 65% of its economic construction value in order to take
account of the lower quality of replacement homes after destruction:;

- the economic value of destroyed commercial and industrial buildings is estimated as the rental

value, thus taking into account that construction cost are not a reliable indicator for shadow
pricing.

As far as property is concerned which was darnaged but not destroyed, the imputed average value used
Is 2 percentage of the total value. For houses and homesteads this percentage is estimated at 50%.

while for commercial and industrial the rental value is used. Reference is made to Appendix F/1 for more
details.

Since the data only concern loss and damage of private propenty a surcharge is taken into account to
reflect the loss and damage of the public infrastructure oft 3 town. In the analysis on loss and damage
of the private and public infrastructure a number of public tacilities have not yet been taken into account.
These assets refer to the railway complex and the BIWTA terminals, the fish market. the Chandpur water
works and treatment plants, schools, power lines, etc. The railway complex and IWTA terminal are
discussed in detail later. Taking into account the average occupation of public and private infrastructure
and the value thereof the total loss and damage to public and urban infra-structure has been evaluated
at 25% of the loss and damage of private property. More details are provided in Annex F. Appendix F /1.

10.5.4.3 Disruption of economic activities

The destruction of commercial and industrial properties leads 1o a loss in net profits (after payment of
taxes) and employment. The first is considered in the financial and economic evaluation, while the latter
is a social aspect of river bank erosion damage. The computation of losses in profitability assumes that

losses are the equivalent of 12 months net economic returns (profits). Results are summarized in Annex
F, Table F.5.3.
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10544 Computation of avoidable repair, maintenance, loss, damage and lost profits

In Table 10.5.1 a summary is presented of the cost of repair and maintenance, losses and damage and
lost net economic return for the years 1981 to 1990. The figures for loss and damage to property and
lost profits have been internnl=*~~ iy the years 1952, when there was no bank erosion. River bank
protect’aon would resu. «1 @ substantial decrease in losses and consequently the total amount represents
avoidable losses. Hence, the benefits of erosion control works are defined as a saving in future main-
tenance and repair cost, loss of and damage to property and profit losses for a scenario where no
protection is undertaken. A computation of these savings over the evaluation period gives the cash flow
of benefits.

TABLE 1051 REPAIR AND MAINTENANCE COSTS, LOSS, DAMAGE AND LOST PROFITS
DUE TO BANK EROSION IN CHANDPUR

PRICES mid-1221 economic pnces

UNIT Tk. x 1 milion ; ==
Year AEPAIR. DAMAGE LOSS PRIV/IPUB.INFRA: LOST GRAND
MAIN.CST Loss Damage TOTAL PROFITS TOTAL
1985 3.435 24,175 10.278 37.885
1982 4744 24.830 10.€32 38.705
1983 €.845 25.709 10.98B8 43,544
1S8B4 3.782 28.512 11.341 41.6335
18835 5.920 17.828 8513 27.341 11.695 44,955

1886 11.135 29.685 16.530 46.214 18.473 78.822
1987 15.8583 86.859 45.761 133.720 57.045 205.728
1888 65.640 133.360 71.435 204.795 g§7.484 3257.918
1985 52.844 68.407 40208 108615 44875 206.333
190 ~.wzB £5.927 B7.257 153.184 56.368 213.078

Notes: —
1) Total loss/damage to property and lost profits for the years
1981-1984 were estmated by dicreasing the 1985 damage Iineair

The total economic repair expenses and cost of erosion damage for the recent past are computed. It
is assumed that the totals have an extreme value distribution. The annual figures are subsequently
ranked in size and a frequency is assigned in agreement with their ranking. The expenses are then
correlated with their frequency by fitting the Gumbel extreme value probability function. This equation
forms the basis for the calculation of the mathematical expectation values of loss and damage due to
erosion.

Table 10.5.2 presents the mathematical expectation of annual avoidable costs due to repair, mainte-
nance, loss, damage and lost profits, evaluated at Tk. 86 million economically. Figure 10.5.1 gives the
damage-frequency curve for Chandpur.

As a result of an ongoing erosion over the years the expected value of the annual avoidable costs
identified above are assumed to increase. In Annex F section F.5.4.1 the annual increase of 10% in the
annual cost for repair and maintenance has already been discussed. Concerning, the loss and damage
to private and public infra-structure and loss of profits (Tk 71 million) when extrapolating the present day
practice, the annual increase is 3% per. This increase is not related to changes in the prices of
commodities, but reflects merely aspects related to population growth and increase of economic activity
in the affected area as was die~ __J in chapter 2.
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TABLE 10.5.2 MATHEMATICAL EXPECTATION OF ANNUAL AVOIDABLE COSTS IN
CHANDPUR

PRICES mid-182% ecenemic prices =

)Y

UNIT Tk, x 7 milugcn
' Return RZPAIR AND MAINTENACE LESRES ANE comumi3E CRANZ  Covers |
Freg perioc Total C&s Cum i C&F Cum TOTAL {c |
inon-exc' tvrs: cos: difre: CaF diff et diter Sa= gt USSs 1M
0.60% 0.coc 0.00c T, Q000 D085
10.00% 0.000 0.0cC 0.coc sl &.96¢ G ozZo 2.0es
20.00% 0.000C 0.CCC 0.cce e 2.000 CIPRE 0,658
20.00% 0.000 Q.00C 0.000 s b1 0.602 2k etal 0.008
$0.00% 0.00C 0.000 0.000 s 0.00C 0,CCL 0.03c
50.00% z 0.000 0.coc 0.a00 Z.26C 0.oct 3.C0C 0.005
©0.00% 0.0C0 0.0CC 0.000 Tast C.397 C3&7 .01
70.C0% 2.367 0138 0.715 ST 2.234 3e51 C.1C3
B0.00% 3 22735 1.228 1.344 128488 c 1EQ 12833 £.28=
20.00% 10 53.882 2.807 5.251 21t 225 18.573 31 4C3 SG.555 1.018
£35.00% 2C B3.810 3.643 8.B65 32z 35:3 15.213 43818 ST 312 N
SB.00% 30 134.527 2388 12.281 S22 1 12.258 SSBVE T2133 2004
£3.00% 100 188.334 1.314 1&778 g3z 3.7€3 £€3.683 T2 2,207
co.50% 200 202.182 0.825 14,702 73724z 348C 85138 £3.835 2.32¢%
22 7S5 <20 230.008 0.24E 18.250 ETET7ES 2.0 71.3€T Eg T 2400
£2.60% 300 248.88¢ 0.127 18.37C &.382: 047 71.648 br Ots 2457
82 909 100 280.727 0.282 13.88% . j03zusT 0.572 72.81% 88.252 245
Notes: B
1) Coversionto USS 1 = Tk. 36
10.5.4.5 Computation of Avoidable Losses to Railway Complex and BIWTA Terminal

The railway complex in Chandpur is a very large compound with harbours schools, a hospital and
mosque as well as accommadation for railway personnel. The total surface of the complex is 72 ha,
according to information collected in Chandpur with BR and the Municipality. The total value is estimated
at Tk. 500 million. This amount is in financial prices, which must be converted to economic prices with
the help of the overall conversion factor of 0.82. Hence, the economic value of the complex is Tk. 410
million. For details reference is made to the appendix F/1, section F/1.9.

Within the stretch Station road and Dakatia River in Nutan Bazar, land the terminal of BIWTA is zlso
located. Without any protection works year after year part of the complex and the terminal would be
eroded. However, within 30 years not only the whole complex will vanish. Over the 30 year evaluation
period a total of 120 thousand m? will be eroded according to the geo-morphological estimate of erosion
rate.

Information of the BIWTA terminal has been collected with the association in Dhaka and in Chandpur.
It has been possible to evaluate the value of the terminal in economic prices. The terminal and its
buildings cover and area of 36 thousand m?. Relocation of the terminal would cost Tk. 43 million, as has
been calculated in the appendix F/1. =

For an estimation of the avoidable losses to the railway complex ana IWTA terminal use has been made
of a deterministic approach. Based on the map of bank mi~ration of Chandpur waterfront, see figure
F/1.1, the areas of the railway complex and the IWTA terminal that will erode in the coming 30 years are
measured.
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Agricultural benefits

The agricultural benetits are associated with the protection of arable land of the Meghna-Dhonagoda and

Chandpur Irrigation projects upstream and downstream of Chandpur due to the permanent bank

protection works proposed in the project. In agreemant with the FPCO-guidelines the benefits resuit from
the reduction of net agricultural revenues lost and loss of irrigation infra-structure or land due to erosion.
To evaluate this reduction the following steps have been taken:

(i)

(i

(i)

(iv)

Based on the results of the geo-morphological survey for the area, the change of the

river bank position can be forecast for scenarios with and without embankment
protection

Based on this forecast a prediction has been made, for the 80 year evaluation of the
project. of the reduction of the area lost as a result of the project

The annual net economic revenue of this reduction has been taken into account as a
benefit of the permanent bank protection works undertaken at Chandpur. Crop budgets
are presented in the appendix, section F/1.6.

Apart from the annual net revenue of the area otherwise lost, the annual value of Tk
1,677 per hectare associated with the irrigation infrastructure can also be considered
as avoidable costs and, h 1ce, as a benefit of the permanent bank protection works at
Chandpur. It is based on analysis of data from the South-East Regional Water
Resources D= .ont Programme (FAP-5). The appendix F/1 provides details.
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(V) Apart from the annual net revenue of the area otherwise '~-* _re is also the reduction
in loss of land as a productive asset to be cuisiuered. Land has been valued at its
rental value as has been argued in chapter 2. More in detail the rental value is
discussed in the appendix F/1. .

The net annual economic revenue of the Meghna-Dhonagoda and Chandpur Irrigation Districts have
been evaluated at Tk 11,920 per ha and Tk 8,263 per ha, adapted from Thompson (1990). The rental
value has been evaluated at Tk. 73,244 per ha per year for the Meghna-Dhonagoda Irrigation Project and
at Tk. 49,896 per ha per year for the Chandpur Irrigation Project. Reference is made to the appendix for
further explanation. In Annex F, Table F.5.9 and F.5.10 provides details of agricultural benefits over the
30-year period of the feasibility study for the zones of influence upstream and downstream of Chandpur.

10.5.5 Costs of the river bank protection works

Cost of the short-term sustainable protection works are evaluated at Tk. 2,076 million or USS 58 million
(mid-1891 economic prices): An estimated 33% of the total investment cost are local currency

expenditures, while the foreign component amounts to 67%. Table 10.5.3 shows the economic
investment cost for the protection works.

The above investment cost comprise works executed in 1993. However, for a sustainable protection of
Chandpur, it is eminent that additional protection works have to be executed in the coming 10 - 15
years. The works envisaged prevent the short-term works from being outfla~'"ad and the z.ditional
investments required amount to Tk. 221 million in economic term < snould be incurred in the year
2008.
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TABLE 1053 ECONOMIC INVESTMENT COSTS FOR THE CHANDPUR SHORT
PROTECTION WORKS

PRICES mid-1881 econemiz pnces
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3} Conversion: 1 USS = Te 35

Annual monitering and maintenance costs of the bank protection works designed have been evaluated
In agreement with Section 10.2 at Tk 25.6 million per annum in mid-1991 financial prices just after
completion of the works Assuming an annual inflation rate of 10%, it means the operation and
maintenance cost become Tk 41.2 million after five years and Tk. 119 million after fifteen years.

Cost of required environmental monitoring e considered small. Annex | provides details on work to be
carried out. It is expected that these cost are largely covered by the imputed amount in other costs.

10.5.6 Economic Evaluation

The cash flow computation for river bank protection for Cnandpur makes a comparison of benefits and
cost over the period of the study. In Table 10.5.4 the economic cash flow of river bank protection works
at Chandpur town is given The economic internal rate of return (EIRR), the discount rate at which the
benefits balance cost over the period of the study, has been evaluated at 6.1% and depends very much
on the estimate of the future annual repair and maintenance of the river bank in the situation without
permanent bank protection works.

The economic net present value for the erosion control in Chandpur calculated for a discount rate of
12%, is evaluated at Tk. - 983 million, which means that the interna! rate of return is below that discount
rate. When considering intra-structural projects like bank protection, it is, however, doubtful whether a
rate of 12% is the appropriate criterion for an investment decision.
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TABLE 10.54 ECONOMIC CASH FLOW OF THE CHANDPUR BANK PROTECTION WORKS

PRICES: mid-1991 economic pnces
UNIT Tk. x 1 milion -
STARTI 1933

CONST 1 vears
|SIRR 6.07% NPV, -983 NPVR1 -0.38
WITH-PROJECT SITUATION COST: PROJZCZT SENEFITS: CAS= Casn©.
f Yea: inves!. SaMm Otner Total T.orer  SRAWT  Aagnc Tota! FLOW (USSx1M)
1893 20755 21.0 2.1 2098.5 T 0C -20883 58.3
1984 0.0 21.0 21 231 3 3.8 - BT 791 2.2
1955 0.0 21.0 2.1 231 1023 38 gz 106.5 83.5 2.3
1985 21.0 2.1 231 107.1 el 0.2 135.3 BB.2 25
1857 21.0 2.1 231 1120 4.8 c.s 11E.3 g3.2 26
1998 21.0 2.1 231 117.5 <7 c.s 1225 =L 28
1988 21.0 2.1 231 1228 47 129.0 103.9 28
2000 21.0 2.1 23 128.¢ 3.7 1.8 1351 112.0 a
2001 21.0 2.1 2331 1352 47 1.8 1417 118.5 33
2002 21.0 21 231 142 <7 20 146.7 1258 as
2003 2214 23.3 21 246.7 1454+ 4.0 2.2 1856 -91.2 25
200« 233 21 25.3 1572 3.0 3s 164.5 1325 as
2005 233 2.1 253 1856 - 4.0 4. 173.7 148 4 4.1
2008 233 23 253 174.8 4.0 4.6 183.2 157.8 4.4
2007 23.3 2. 253 1843 4.0 5.1 183.4 168.1 4.7
2008 23.3 2.1 253 194.8 1.5 55 201.9 176.5 4.9
2009 233 2.1 25.3 205.0 1.3 8.7 2162 1580.8 od
2010 23.3 21 253 2181 1.5 8.7 2283 204.0 57
20m 23.3 21 253 2312 1.5 10.8 243.4 2181 B.1
2012 233 2.1 25.3 2453 h B4 11.8 258.7 2333 65
2013 23.3 21 253 260.5 1.4 13.0 275.0 2487 B.9
2014 23.3 21 253 2771 1.4 15.4 293.8 268.6 75
2015 23.3 21 253 294.5 1.4 16.9 313.3 288.0 8.0
2016 23.3 2.1 2353 314.3 14 18.5 3352 308.9 8.6
2017 233 21 253 3353 1.4 202 3569 . 3318 82
2018 0.0 233 21 253 358 21 218 a8~ 2857 =X}
2019 233 21 253 3828 21 513.2 385.9 10.7
2020 233 21 253 4087 21 286 4 4151 11.5
2021 233 21 253 438.9 1 31.1 4721 445.8 124
2022 233 2.1 253 4707 21 33.7 5023 487.2 13.4
SUM 229689 6£752 62.3 3034.3 633456 B4.0 3005 635183 3885.0 107.8
Notes:
1) INVESTMENT COST:
Tk.x 1M 20755 | PV [12%) penefrs:
2) O&M COST (Tk. x 1M): | MT¥. 1125
Maimenance 19.0
Survey cost 20
3) OTHER COST:
Tk.x 1M 2.1
4) BENEFITS (Tk. x 1M):
Sawvings damage/ioss 2
Annual mcrease 3%
Savings repair/mamt 15.2
Annual mcrease 10%
Annual mcrease savings
agncuttural loss 3%
35) Conversion USS 1 = Tk, 35
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The cropping pattern in the Meghna-Dhonagoda irrigation project and the net economic return of
irrigated agriculture were adapted from Thompson (1990) and results of work done by FAP-5.

Apart from the annual net revenue of the area inside the embankment otherwise lost, a value of Tk. 1,677
per hectare associated with the irrigation infra-structure can also be considered as avoidable costs and,
hence, as benefit of protection works in Eklashpur. The net annual economic revenues of the Meghna
Dhonagoda irrigation project have been evaluated at Tk. 11,920 per ha. Details-are reported in Table
10.6.1 and in the appendix F/1

TABLE 10.6.1 ANNUAL NET REVENUES PER HECTARE IN THE MEGHNA-DHONAGODA
IRRIGATION PROJECT

PRICES: co..stant mic-1881 economic prices
UNIT: Tk
| i Unit unit Fraction  Annual
i — retum in area return
Cunvauon:
Rabi crops 1) ha 6755 B2.3% 55857
HYV Boro ha o522 4. 7% 4487
5 Aus ha 316 B1.3% 257
TL Aman ha €594 85.5% 5639
Sub-toial ha 90.3% 11899
Fish-pongs 2) vr 20736 0.1% 21
Orchards 2) yr 218 0.0% 0
Otner areas 9.6%
TOTAL 11 820
Henial vaiue vr 73 244
Notes:

1) Rabi crop consigered is wheat
2) Acapted from Thompson (1 230)
3) Remal value is adapted from crop budgets
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10.6.2 Ar ff

The area of influence of the proposed works reaches from the point where the Padma and the Meghna
join the Dhonagoda River and end some two kilometres south of it. The area protected covers lands
outside the existing embankment bordering-the river and parts of the Meghna-Dhonagoda irrigation
project located inside the embankment.

Design of river training and bank protection works are undertaken by the Meghna River Bank Short Term
Study, which envisages the protection of:

- the river bank and the embankment in Eklashpur,
- the existing embankment and the irrigation pump station;
habitations and small commercial enterprises, along the shore of the Lower Meghna.
The progress of bank erosion in the without-scenario situation can be estimated from the resuilts of the
geo-morphological study (see Annex B). This progress is expected to be important in the coming 30

years; without any protection works large parts of the existing embankment and land of the MDIP will
disappear.

10.6.3 Alternative River Bank Protection Works

Three types of short-term river bank protection works have been investigated, notably (a) a groyne just
north of Eklashpur reaching out for some 600 m into the river, (b) protection of the existing bank and
(c) guide protection along the existing embankment.

The first option, a groyne, is the most expensive, but it will lead to sedimentation.and create additional
land, though it may take many years before a substantial area will become available and productive.
Moreover, high investment cost vis-a-vis benefits are affecting the rate of return. The second option,
bank protection works, has an important conomic advantage: investments are much lower and not
concentrated at the start of the 30 year study period, but staggered. The third option consists of guide
bunds at Eklashpur and at the r~~" _,.ce of the Meghna and Dhonagoda. Guide bunds are river training
works w.d as sucih a youu alternative for a groyne. However, they are far more expensive than bank
protection works and slightly more expensive than the groyne alternative.

10.6.4 Benefits of Eklashpur protection works
10.6.4.1 Reduction in repair and maintenance expenses

Maintenance and repair of the embankments of the Meghna-Dhonagoda irrigation project is carried out
each year by the BWDB. So far the amount allocated has been small. BWDB spends about Tk. 500
thousand per year. Expenditures required in the coming years, however, will increase rapidly; in 1990/91
a total of Tk. 104 million has been spent on CC blocks to repair embankments.

A retirement of the embankment is foreseen every five years from 1998 onwards. Because only small
sections of the embankment are renewed, emergency protection cannot be neglected altogether. Based
on the considerable amount spent in 1990/91, it has been assumed that annual maintenance required
will inRially be about 2% of the amount spent in 1990/1991. Together with the regular maintenance Tk.
2.6 million per year is assumed the present-day repair and maintenance budget. This amount is expected
to increase rapidly by an estimated 10% per year and has to be considered as additional to the costs
incurred for regular retirement of embankments.

These costs in repair and maintenance can be saved and can be considered as benefits from adequate
sustainable river traini~- sealds
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10.6.4.2 Relocation of irrigation pump station

The present pump station is located at a Spot which could be eroded by the river in the year 1988,
according to the results of the geo-morphological survey. A relocation of this pump station to a site
mare inland is needed. It is assumed that one relocation only will take place during the period of the
study. Hence, the new location of the pump station must be somewhere near to the expected pank line
in year 2020, which marks the end of the study period

The cost of relocation of the PUMp stations are based on earlier cost estimates for construction of simiiar
stations. These data have been inflated by the Planning Commission's inflator (13%5) in arderto give mid-
1891 prices,

1064.3 New retired embankments

As the river bank shifts towards the east, it will destroy the existing embankment. From the results of the
geo-morphological study (see Annex B) it could be estimated how far the bank line will recede. The with-
out-project scenario foresees that, every five Years, a new stretch of embankment must be constructed
in order to protect the Meghna-Dhonagoda Irrigation Project. In Annex 7. Table F.6.1 gives details, which
are based on expected progress of erosion. From data of earlier emba nkment constructions, the actual

price for this type of works has been estimated. Per kilometre-len~*+ .. ~wa2nl gonstruction cost is
Tk. 7.83 million.
10.644 Destruction of buildings and urban infra-structure

River bank erosion will cause loss of buildings and damage to existing structures. Some inhabitants have
already moved their homes more inland to protect them from the water of the Meghna. However, a con-
siderable number of nouses and commercial buildings in the area remain prone to erosion.

From the results of the geo-morphological study the progress of bank erosion could be estimated as
well as how much land is likely to disappear. Based on the socio-economic surveys in Bhairab Bazar,
Munshiganj and Chandpur an estimate could be made of the average price of houses and other
buildings. The calculated average economic price per square meter land area is Tk. 1,065. In view of the
type of structures observed in Eklashpur in comparison to those in the three sites surveyed, it has been
assumed that structuras in Eklashpur have a 25% lower value. Consequently, the economic price of
structures is estimated at Tk. 799 per square meter land area,

No account was taken of losses in revenues of commercial enterprises. The nature of commerce in
Eklashpur is such that one may expect that stocks and equipment are removed well before erosion will
wash them away.

10.6.4.5 Agriculture

Agricultural benefits are associated with protection of arab,. land which would otherwise be lost as a
result of bank migration. Behind the embankment one finds mainly irrigated lands, while outside the
embankment non-irrigated cropping takes place.

In agreement with the FPCO-guidelines the agricultural benefits of river training and bank protection
works result from reduction of net agricultural revenues lost due to erosion of arable land. Basad on the
results of the geo-morphological survey for the area, the change of the river bank position could be
forecast for scenarios with and without investments. Hence, a prediction could be made of reduction
in the area lost as a result of river training works, covering the evaluation period.
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The cropping pattern in the Meghna-Dhonagoda irrigation project and the net economic return of
irrigated agriculture were adapted from Thompson (1990) and results of work done by FAP-5.

Apart from the annual net revenue of the area inside the embankment otherwise lost, a value of Tk. 1,677
per hectare associated with the irrigation infra-structure can also be considered as avoidable costs and,
hence, as benefit of protection works in Eklashpur. The net annual economic revenues of the Meghna

Dhonagoda irrigation project have been evaluated &t Tk. 11.920 per ha. Details*are reported in Table
10.6.1 and in the appendix F/1.

TABLE 1061 ANNUAL NET REVENUES PER HECTARE IN THE MEGHNA-DHONAGODA
IRRIGATION PROJECT

PRICES: cc..stant mic-18281 economic prices
UNIT: Tk
[ conth Unit unn Fraction  Annual
i 5 retum in area return
Cuincation:
Fabi crops 1) ha 6755 B2.3% 5 557
HYV Boro ha 8522 4.7% a47
B Aus ha 316 B1.3% 257
TL Aman ha €584 85.5% 5639
Sub-totial ha 890.3% 11899
Fish-ponas 2) vr 20736 0.1% 21
Orchares 2) yr 218 0.0% 0
Ctiner areas 9.6%
TOTAL 11 920
Henial vaiue yr 73 244
Notes:

1) Rabi crop considered is whaat
2) Adapoted from Thompson (1290)
3) Remel value is adapted from crop budgets
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Apan from the loss of agricultural production as a result of bank erosion, there is also the reduction in
loss of land as a productive asset to be considered. The economic value of cropped land is based on
share cropping arrangement in the area. For irrigated land inside the embankment the rental value is Tk.
73,244 per ha. The rental value for non-irrigated land is calculated as Tk. 40,686 per ha. For more details
reference can be made to the appendix F/1.

Table 10.6.2 provides details of total agricultural benefits over the 30-year period of the feasibility study.
In the table with and without-project scenarios are compared. Benefits of river training works are given
by the balance, which represents the reduction in losses to cropping.

TABLE 10.6.2 AGRICULTURAL BENEFITS

PRICES: consmant mid-1891 economic pnces

UNIT Te x 1000
| Year SITUATION W] SITUATION WO, Frotectior
Arsas ost (ha): Frogucoon Langd+infte  Assas kosi (nad Frogucuon | Land =inis Denelilr
n.emb outemb soxs (CUM) vaue in.ems outemc oesf™" - ulue MWW O|
1953 0.0 28 1526 BBE.1 0.0 21.E 152.6 BBE 1 0.0
15594 0.0 30.8 4553 12549 0.0 30.8 4£5.3 Taxs oo
1995 0.0 30.8 738.0 12549 0.0 e 3 733.0 T o545 oo
1566 Q.0 30.8 1010.7 12548 0.0 0.8 1010.7 12548 0.c
1957 0.0 30.8 12834 125489 0.0 30.5 1 283.4 12548 (nK+]
1998 0.0 0.8 1 556.1 12549 0.0 3.8 1 £56.1 52548 oo
1955 0.0 28.8 18104 1169.9 0.0 .0 1 8587 1.382% 259.3
2000 0.0 28.8 2064.6 1169.9 0.0 M0 21372 s A J05.6
2001 0.0 28.8 23188 1 169.5 0.0 Mo 2457.7 1380¢ 231,59
2002 0.0 238 2573 1169.9 0.0 .0 27532 13228 388.2
2003 0.0 23.8 28372 1169.9 0.0 .0 305385 T 3826 4445
2004 0.0 16.7 28753 €312 152 =25 J33s8.0 168 14380
2005 0.0 16.7 31233 6312 152 25 37312 165965 1629.2
2006 0.0 16.7 IZ74 6812 152 =25 4 076.4 1 6SE.5 18203
2007 0.0 16.7 34104 6312 152 =15 4 415.6 1 68€5 2015
2008 0.0 16.7 35674 6812 152 25 47548 165€.5 227
2008 0.0 110 36645 457 11.0 18.7 5c21.8 1327.0 22376
2010 0.0 .0 37616 - 448.7 1.0 18.7 52838 1227.0 2407.86
201 0.0 11.0 38586 448.7 11.0 18,7 5 5558 1327.0 25775
2012 0.0 1.0 38357 4457 11.0 18.7 Se22e 1327.0 274715
2013 0.0 11.0 40827 4467 11.0 18.7 6 089.9 13270 29175
2014 0.0 121 4 1680 1.7 15.3 24.6 6 486.2 18971 37834
2015 0.0 131 42238 .7 18.3 246 6 882.7 18871 4 D640
2016 0.0 12 42994 531.7 182 24.6 7 279.0 19871 423451
2017 0.0 131 4 514.9 53%.7 15.3 24.6 76754 19871 46260
2018 0.0 131 4 630.5 1.7 19.3 246 BO71.8 18571 4 506 8
2018 0.0 17.8 4 787.6 T23.2 220 .1 8 604.0 2EST 574789
2020 0.0 17.8 49448 T2 23.0 6.1 9 136.1 — 2E347 6122¢
21 0.0 17.8 51020 232 232.0 a8 9 687 7 P 64575
2022 0.0 17.8 5259.1 TZI2 23.0 3.1 i 26547 68728
SUM 0.0 584.8 B4 5806 24 2005 319.4 B15.1 139 699.7 45 7587.5 RAL R
Notes:
1Tk 1677 perha s e value of yMganon nira-sructure
Dasad on an analyss of oaws trom SERWRDP (FAPS)
2) Insioe the sxsning embancmen! and = impaled ide the
and = not imgaled
J) T §26] = e sconomuc uni value of land i the Thangpur UMGaDon prosect
Te B B42 m Dw sconomec value of land . TN, ¢ 0%
e tor cropeeng
4) The 40 886 per ha B e remal vaue of land oumice smoanicnens
10.6.5 Cost of River Bank Protection Works

A design for protection works has been made, notably protection of the existing bank. This type of
protection is less expensive at the beginning of the 30-year study period. However, in later years to
guarantee the sustainability of the works, additional works must be carried out. Initial investment cost
are evaluated at US$ 7.90 million or Tk 260.8 million, while in 1998 an additional Tk. 264.4 million must
be invested. A final investment is needed in 2005, requiring also Tk. 264.4 million. Local currency
expenditure is 45% and the foreign component totals 55%.
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10.6.6

Economic Evaluation

The cash flow computation for river training works at Eklashpur compares benefits and cost over the

30-year evaluation peri- '

. mvestment costs have been discussed in detdil in the previous section.

Table 10.6.3 provides the cash flow calculation for protection of the existing bank, the option which
economically is most attractive.

TABLE 10.6.3 ECONOMIC CASHFLOW EKLASHPUR PROTECTION OF THE EXISTING BANK

PRICES mid-1591 economic prices
UNIT Tk x 1 milhon
START: 1983
CONSTH: 1 vyears
|EIRR 2.83% NPV, -283.0  NPVA: 0.45
WITH-PROJECT SITUATION COST BENEFITS: CASH Casn F.
Yenr Invest. MENM COrher Toual Reparr c Nwemb  Urban or Aanc Total FLOW (USSx1M) |
1995 2845 8.9 0.3 2835 0.0 Q.0 0.0 G.0 Q.0 -283.7 -8.16
1994 0.0 B.9 0.3 8.2 3.4 2.1 0.1 5.7 2.5 0.10
1985 0.0 B.9 0.3 2 a8 21 g2 8.0 -3.1 -0.08
1996 8s 0.3 §.2 42 2% 02 64 27 0.08
1957 B9 0.3 9.2 4.6 2.1 0.2 6.5 23 -0.05
1998 246.4 13.3 a.3 260.0 50 520 21 - 02 59.3 -200.7 -8.57
1999 13.3 0.2 13.6 5.5 23.4 20 30.9 17.3 045
2000 133 Q.3 13.€ 6.1 23.4 2 31.7 18.2 0.50
2001 13.3 0.3 136 6.7 234 25 326 191 0.53
2002 13.2 n= 13.6 7.4 234 28 33.6 200 0.55
2003 =T 0.3 13.6 a1 313~ 23.4 31 65.9 524 1.45
2004 -13.3 — 0.3 136 B9 35.9 42 491 as.5 0.95
2025 246.4 17.7 0.3 264 4 as 35.8 46 50.4 -214.0 -5.85
2005 1.7 0.3 18.0 10.8 3589 5.0 51.8 338 0.84
2007 b i i 03 18.0 11.9 258 L 533 353 0.58
2008 7.7 0.3 18.0 13.1 352 35.9 o 0.1 721 200
2008 7.7 0.3 1B.0 14 4 18.8 50 282 202 0.56
2010 187 0.3 18.0 15.8 18.8 e ag.8 21.8 0.61
201 17.7 0.3 18.0 17.4 1B.B 55 416 237 0.65
2012 17.7 0.3 18.0 19.1 1B.8 57 436 256 shrl
2013 177 03 18.0 21.0 L3 18.8 59 B8.E 70.8 1.67
2014 177 0.3 18.0 23.1 30.1 71 60.3 423 .18
2015 17.7 0.3 18.0 254- 301 7.4 63.0 45.0 125
2016 177 0.3 18.0 28.0 30.1 7.8 65.9 47.9 1.23
2017 17.7 0.3 18.0 30.8 30.1 82 €8.1 511 1.42
2018 17.7 0.3 18.0 3.9 61.1 0.1 &5 133.6 115.6 a1
2018 177 0.3 18.0 373 48.9 102 95.3 78.3 218
2020 177 03 18.0 41.0 48.9 10.7 1006 826 230
2021 7.7 0.3 1B8.0 451 489 11.3 105.3 &7.3 243
2022 175 0.3 180 49 6 48.9 11.9 110 £ g2 4 257
SuMm TiT.3 456.2 a.5 12420 51141 227 TAT 4 145.9 1630.3 388.3 10.7¢
Noles
1) INVESTMENT COST (T x 1M)
Year 1953 2845
1998 246 4
2005 246 <
2) M&M COST (Th x 1M}
Mainienance 1933 B8
1995 44
2005 44
Monitonng 20
3) OTHER COST:
T x 1M 0.3
4) BENEFITS (T x 1M):
Sawvings repa:r 2.1 PV{12%) of benefrs:
Annual mamen i 0.5
Annual mcrasse 10% T x 1M 2441
5) Conversion USS 1 = Th 35 USs x 1M 6.8
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The mere protection of the existing bank requires less investment at the start of the 30-year period,
although later on additional investment are needed. From Table 684! can be concluded that the EIRR
for this option is about 3%. The benefits just ofiset the costs needed for protection,

The economic NPV for the bank protection works at Eklashpur, at a discount rate of 12%. has been
evaluated at Tk. -293 million. The NPVR ratio as required oy the FPCO-guidelines yields -0.45.

The economic analysis of bank protection is based on uncenain future events and imperfect daie.
Because c” this, it is important that sensitivity analyses e undertaken. This implies an analysis of the
economic internal rate of return as tunction of changes in investment cost. monitoring and maintenance
expenditure and estimated value of benefits. The results of the sensitivity analysis are presented in Table
10.6.5. When assuming that construction costs will not Increase wnen the implementation of the works
IS postponed. it can be concluded from the cashilow that deferring construction until 1598 is bensficial,
since hardly any benefits are generated till this year. The EIRR will increasa to about 4°%.

The conclusions from this chapter comprise:
(i) Bank protection at Eklashpur to protect the existing interests has z low economic rate of return

when compared to the present-day practice of gradually shifting the embankment to the extent
erosion progresses.

(ii) In spite of the low return, it may be worthwile to consider such bank protection schemes in a
long-term strategic planning for the Lower Meghna

TABLE 10.6.5 RESULTS OF THE SENSITIVITY ANALYSIS FOR EKLASHPUR

VALUES: Economic Internal Rate of Return (EIRR)

UNIT: percent

Change inf CHANGE IN BENEFITS. :

investm. -30% -20% -10% = 1035 20% 30%;
-30%  386%  4.44%  500%  554%  6.05%  656%  T.04%
20%  2.89%  345%  3.98%  4.50%  4.99%  547%  503%
-10%  205%  280% = 3.11%  3.61%  4.08%  4.54%  4.99%

0%  1.32%  1.85%  235%] 283%  3.29%  373%  4.16%
0%  067%  1.18%  1.67% 214%  259%  302%  344%
20%  0.08%  058%  1.06%  1.52%  1.96%  238% 2 78%
S0%  0.00%  0.04%  051%  096%  1.39%  1.80%  220%

Change inf CHANGE IN BENEF[TS.

Mon&Mai -30% -20% -10% 0% 10% 20% 30%}
0% 235%  2.85% 332%  3.78%  422%  4.65%  5.00%
20%  201%  252%  300%  347%  3.91%  434%  £76%
-10%  167%  218%  268%  3.15%  3.60%  4.04%  4.45%

0%  1.32%  1.85%  235%[  283% 329%  373%  416%
10% 087%  1.51%  202% 251%  298%  343%  385%
20%  061%  1.16%  168%  218%  2.66%  3.12% 3560
30% 025%  081%  135%  1.86%  234%  281%  326%

157

59 @



10.6.7 Displacement of population

For the rural areas along the Lower Meghna no surveys were executed. Hence, there are no data for
the number of persons displaced as a result of likely bank migration. Moreover, the 1891 Statistical
Yearbook for Bangladesh is inconclusive with respect to population densities in the aforementioned rural
areas The overall population density for the country is about 750 persons per km® in 1991 (Statistical
Yearbook 1991) Present day rural population counts tor about 70% and is expected to reduce to about
50% over the project period (‘Developing the Infrastructure. Volume Three of the Report of the Task
Forces on Bangladesh Development Strategies for the 1280's’ 1891). The averaged rural population
density is therefore estimated at 400 people per square kilometer. Since the total rural area likely 10 be
lost 10 erosion in the coming 30 vears (thout the erosion protection works being carried out is
estimated at some 1000 ha. about 4.000 persons will be afected.

10.7 Haimchar IEI_P}

10.7.1 Prec=n: Situation and Previous Efforts for Protection

Haimchar is situated on the left bank of the Lower Meghna River, about 20 km south of the town of
Chandpur. Erosion has attacked the river bank for more than a decade and is the result of both current
and wave action. In 1982 the village was retired more inland after the floods. Agriculture is the main
economic activity In the areza '

haa bern

Rehabilitation of the Chandpur irrigation project is=beirg-studied at-present by the FAP-5. The FAP
project is mainly concerned with agriculiural production, irrigation and drainage. Hence the scope is not
on protection works 1o avert erosion of theﬁw Data on economic indicators for this
project can aiso be found in Thompsor's study on the impact of flood control on agriculture (1990) and

missing information was kindly provided by FAP-5.

If the embankment of the Chandpur project is breached. the whole benefit of flood control for the area
would be lost. Without any river iraining works or any other form of protection, the embankment is likely
to be engulted and irrigation inira-structure will be destroyed.

10.7.2 Area ~  _ueu

Embankments at Haimchar protect the Chandpur irrigation project. Flood protection commenced in
1976/77, while the project started effective irrigation in 1878/79. Drainage is a major problem in the
project, while fiooding from the waters of the Meghna has sofar only been a minor obstacle to
production

The area of influence of the proposed works reaches from a point some 3 km north of Haimchar and
goes as far as 7 km south of the village. The area to be protected covers land outside the existing
embankment bordering the river as well as parts of the Chandpur irrigation project located inside the
embankment.

It is more than likely. that the river bank will continue being eroded considerably in the coming 30 years
Hence. the embankment will have to be retired time and again

Without any protection works large parts of the existing embankment and land of the irrigation project
will disappear. Hence. it is more than likely that retired embankments will be constructed at regular
intervals. Such as is the case in Ekiashpur, it is emphasized that the complete loss of the Chandpur
Irrigation Project has not been taken as the without-scenario, since that is not likely to occur. As a result
of the sustainable short-term bank protection works executed, less agricultural land will disappear, fewer
structures lost and agricultural produce hig .er.
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10.7.3 Alternatives for protection

Three types of river bank protection have been investigated. notably (a) a grovne just north of Haimchar
reaching out for some 500 m into the river, (b) protection of the existing bank and (c) guide bund
protection along the existing embankment.

The second option consists of protection of the existing river bank at Haimchar. However, this option

does not aim at training the river; it simply provides protection Iniuzl costs ar2 lower than those of a
groyne, but additional costs have to be incurred in 2008

10.7.4 Benefits of Haimchar bank protection works

10.7.41 Reduction in repair and maintenance expenses

Maintenance and repair of the embankments of the Chandpur irrigation project is carried out each year
by the BWDB. In the past the allocated amoun: has been very small. with the exception of years when
major works were carried out. In 1989/30 a total of Tk. 10 millicn has been spent on retirement of
embankments and in 1973/77 Tk. 14.3 million were spent on new embankments, Expressed in mid-1891
prices these investments correspond to an average Tk. 5 million per =~ .sover, BWDb spends
annually Tk. 300 thousand on maintenance of the embankmer..

From the experience at Chandpur, a rapid increase of suct, repair and maintenance expenditures may
be expected if Haimchar will continue to be protected by the non-sustainable present-day approach.
These expenses are therefore expected to increase annually by 103 This amaunt is additional to the
costs incurred for the regular retirement of embankments.

These annual costs of repair and maintenance can be saved if adequate sustainable bank prote
works are carried out and, hence, can be considered as bengfits originating from such works.

10.7.4.2 New retired embankments

From the results of the geo-morphological study it could be estimated now far the bank
progress. The without-project scenario foresees that every five years a new siretch of embankment
be constructed in order to protect the Chandpur irrigation project. '
The actual price for this type of works has been estimated in Tk 7.8 million per kilometre-length
embankment construction cost. Because, no new retired embankment construction is required if the
proposed river training or protection works are implemented, the cost figures from the table are savings
due to the project. Hence, they represent expected benefits.

10.7.4.3 Destruction of buildings and urban infra-structure

River bank erosion has caused loss of buildings and damage to existing structures in the recent past.
Some inhabitants have already moved their homes more | and to protect them from the water of the

Meghna. However, a considerable number of houses and commercial buildings in the area are still prone
to erosion.

It is estimated from field observations that about 10% of the area of influence is used for non-agricultural
purposes, being either commercial enterprises or homes. This percentage also includes social and town
infra-structure.

From Annex B it could be estimated how far the bank line will progress and how much land surface is
likely to disappear. Based on the socio-economic surveys in Bhairab Bazar, Munshiganj and Chandpur
an estimate could be made of the average price of houses and other buildings. In the three towns
surveyed, we have estimated that social and town infra-structure covers 25% of the built-on area. The
average economic price calculated per square meter land area is Tk 1.065.
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Apart from the infra-structural losses as a result of bank erosion, also loss of land is to be considered.
The fact that it washes away and is lost means that it must be considered in the economic eva:uation.
However, all land was accounted for in the analysis of agricultural production, assuming that agriculture
is the nearest-best economic activity. Moreover, double-counting has thus been avoided. Such as
explined for Eklashpur, no account was taken of losses in revenues of commercial enterprises.

10.7.4.4 Agriculture

Agricultural benefits are associated with protection of arable land which would otherwise be lost as a
result of bank migration. Behind the embankment one finds mainly irrigated lands, while outside the
embankment non-irrigated cropping takes place.

In agreement with the FPCO-guidelines the agricultural benefits of river training and bank protection
works result from reduction of net agricuitural revenues lost due to erosion of arable land. Based on the
results of the geo-morphological survey for the area. the change of the river bank position could be
forecast for scenarios with and without investments. Table 10.7.1 presents the estimated economic value
of destruction of buildings and urban infra-structure,

TABLE 10.7.1  VALUE OF DEST! JCTION OF BUILDINGS AND URBAN INFRA-STRUCTURE

PRICZE: consiant mid-1887 e~anomic prizes

UNIT: Thy **
SITUATION-[WI: SITUATION [WO]. Proteciion
Year Arez Urpan Arez Uroan beneins
las: (ha) a2sse's last (ha) a2ssels IW1-TWO1|

1882 218 17411 21.8 17411 0.000
183z 30.8 24.657 30.8 24.E57 0.000
18835 30. 4.E57 30.8 24.857 0.000
1995 230.6 24.657 30.8 24,657 0.000
1857 30.8 4.E57 30.8 24.857 0.000
1288 30.8 24.657 30.8 24.857 0.000
1283 28.6 22.985 3.0 27.172 4.186
2000 28.8 22886 34.0 27.172 4.186
2001 25.8 22985 3320 27.172 4185
2002 28.8 22085 4.0 27072 4.18%
2003 28.6 22,985 34.0 27.172 4.188
200< 16.7 Te.38s 37.6 30.082 16.708
2005 18.7 18.384 37.6 30.082 16.708
2005 18.7 12.38= 37.6 30.082 16.708
20C7 16.7 72.382 37.6 . 30.082 16.708
2008 18.7 TC.38< 37.6 30.082 16.708
2008 11D 8.77E6 28,7 23.725 14.84¢2
2010 11.0 8.776 287 23.725 14.845
2011 1.0 E.778 20.7 23.725 14.848
2012 71.0 = 28.7 23.725 14.84¢2
2013 iy E.776 287 25.725 14.945
2014 231 T 10az7 2.0 3510« 24.657
2015 31 10.647 43¢ 23104 24 657
2016 | 10,447 43.9 35.104 24 657
2017 13 10,647 420 35.104 24 E57
2018 341 10.447 £3.¢ 23,104 ‘24.657
2018 7.8 14.210 89.1 47.239 23.02¢
2020 17.8B 14.210 581 47.235 33.02¢
2021 7.8 14.210 59.1 47.239 33.029
2022 17.8 14.210 8521 47.230 23.028
SUM 5848 475.502 113E.5 810.114 434.572

Notes: .

1) Tk 0.792 x 1000 per sq.m is the esumated average

value of urban infra-structure and buildings
2) At 10% 1s esumated the urbanised area
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The cropping pattern in the Chandpur irrigation project and the net economic return of irrigated
agriculture were adapted from Thompson (1990) and results of work done by FAPS. An assumption was
made for the cropping pattern of lands outside the irrigation scheme: only one crop per year is
cultivated, notably L.Boro. The annual net economic revenues of reduced losses in agricultural area are
taken into account as benefit of works undertaken at Haimchar.

Apart from the annual net revenue of the area inside the embankment otherwise lost, a value of Tk. 1.677
per hectare associated with the irrigation infra-structure can also be considered as avoidable costs and.,
hence, as benefit of protection works in Haimchar. This figure was derived from data supplied by FAPS.

The net annual economic revenues of the Chandpur irrigation project have heen evaluated a* Tk. 9.263

per ha. Details are reported in Table 10.7.2. For cropping outside *' ~walkment net annual economic
revenues are estimated at Tk. 8,842 per ha, assuming that 80% of the land is cropped once per year.

TABLE 10.7.2 ANNUAL NET REVENUES PER HECTARE CHANDPUR IRRIGATION PROJECT

PRICES: constant mid-1291 economic prices
UNIT: Tk./ha
item Unit Unrt Fracton Annual
return in area return
Cuiivation:
Rabi crops 1) ha 6 755 10.4% 706
HYV Boro ha 9522 43.2% 41186
B Aus ha 316 B8.5% 27
TL Aman ha 6594 57.7% 3806
Sub-total ha 62.2% 8 635
Fish-ponds 2) yr 5 660 5.4% 306
Orchards 2) yr 2206 13.7% 302
Other areas 18.7%
TOTAL g 263
Rental value yr 49896
Notes:

1) Rabi crop considered is wheat
2) Adapted from Thompson (1230)
3) Rental value is adapted from crop budgets

Apart from the loss of agricultural production as a result of bank erosion, there is also the reduction in
loss of land as a productive asset to be considered. The fact that land washes away and is directly lost
for cropping means that it must be considered in the economic evaluation. Hence, the value of this asset
must be estimated, while avoiding loss of agricultural land is considered as a benefit of river training or
bank protection works.

As already indicated for Eklashpur, the present value of the economic annual rental value has been taken
into account in the economic assessment of the short-term bank protection works.

The economic value of cropped land is based on share cropping arrangement in the area. For each
individual crop the rent has been calculated as the money value of production quota provided by the
share cropper to the landowner. Based on the prevailing cropping pattern in the Chandpur irrigation
project and lands outside the embankment, the average economic rental value is calculated. For irrigated
land inside the embankment the rental value is Tk. 49,896 per ha. The rental value for non-irrigated land
is calculated as Tk. 40,686 per ha. For details reference is made to the appendix.

Table F.7.5 in Annex F, provides details of total agricultural benefits on lands prone to erosion covering

the 30-year period of the feasibility study. In the table with and without-projert ~~~narios are ccpared.
Benefits of river training works are given by the balance, which repre<~ .« reduction in losses to cropping.
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10.7.5 t of alternative protection

Table 10.7.3 prﬁvides a summary of investment cost for all three options. The third option comprises
guide bunds. Although this alternative may be more expensive than the prévious options, investment
scenarios have been evaluated whereby costs are staggered over more years. For the scenario where
construction is‘broken up in three parts. .nitial economic investment cost are estimated at USs 4.5
million or Tk. 163.7 million. In later vears additional investments of Tk 199.5 million and Tk. 264.1 million

_are needed. An estima'~~ "7°  _, utal investment cost are local currency expenditure and the foreign
component is 63%. - =
TABLE 10.7.3 SUMMARY OF ECONOMIC INVESTMENT COST FOR WORKS AT
HAIMCHAR
Type Investment cost " Local/toreign
and year currency
Large groyne 1993: MTk. 667.9 Local: 36%
Foreign: 64%
Protection of 1993: MTk. 381.7 Local: 31%
existing bank 1998: MTk.1381.7 Foreign: 69%
Guide bunds: 1993: MTk. 632.7 Local: 40%
- Scenario 1 Foreign: 60%
Guide bunds: 1993: MTk. 381.7 Local: 39%
- Scenario Z 2008: MTk. 264.1 Foreign: 61%
Guide bunds: 1993: N k. 163.7 Local: 37%
- Scenario 3 1998: MTk. 198.5 Foreign: 63%
" _ue: Mtk. 264.1
10.7.6 Economic Evaluation

The cash flow computation for river training works at Haimchar makes a comparison of benefits and cost
over the 30-year evaluation period. The investment costs have been discussed in detail in the previous
section. Table 10.7.4 provides the cash flow calculation of the guide bund protection scenario 3 option.
The economic net present value tor the guide bund bank protection at Haimchar has been evaluated
at Tk. -216 million for a discount rate of 12%. The NPVR ratio required by the FPCO-guidelines can be
calculated at -0.50.

The third protection option, which provides protection through guide bunds, yields an economic internal
rate of return just below 2%. The other options show even a slightly negative internal rate of return.

It means that bank protection works via guide bunds is, from the economic point of view, marginally
better than the extrapolated present-day practice of non-sustainable repair and maintenance together
with retirement of embankments to the extent bank erosion progresses.
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TABLE 10.7.4 ECONOMIC CASH FLOW HAIMCHAR GUIDE PROTECTION SCENARIO-3
PRICES: mid-1991 economic pnces
UNIT: Tie. x 1 millon
START: 1993
CONSTR: 1 years
[EIRR: 1.65% NPV: 2159  NPVAu 0,50
WITH-PROJECT SITUATION COST" BENEFITS CASH Cash F.
Year Imvest MAM Other Tatal Aesaw = Nw.emd. Urpaner Aarnc Tetal FLOW (USSxTM)
1993 163.7 5.0 0.2 168.8 0.0 94 00 0.0 9.4 -159.2 -4
1994 0.0 5.0 0.2 s 28 0.0 0.0 28 -23 -0.06
1995 0.0 5.0 0.2 51 a 0.0 0.0 I 20 -0.06
1996 5.0 0.2 51 34 0.0 0.0 34 1.7 -0.05
1997 5.0 0.2 51 a7 0.0 0.0 37 -1.4 -0.04
1998 199.5 8.6 0.2 208.3 31 1.1 0.0 0.0 18.2 -180.0 -5.28
1999 8.6 0.2 8.8 45 32 0.3 9.0 0.2 0.01
2000 X Q.2 B.B 3.0 12 0.3 9.5 o7 0.02
2001 8.6 0.2 8.8 55 = 4.2 0.4 10.0 1.3 0.03
2002 8.6 0.2 8.8 6.0 5.2 0.4 10.6 1.9 0.05
2003 8.6 0.2 8.8 8.6 18.0 2.2 0= 29.3 205 o0.57
2004 8.6 0.2 8.8 7.3 16.7 1.5 255 16.7 0.47
2005 B.6 0.2 88 a.o 16.7 S 26.4 17.7 0.49
2006 a6 0.2 8.8 8.8 18.7 1.9 274 18.7 0.52
2007 a6 02 8.8 9.7 16.7 21 285 18.7 0.55
2008 264.1 123 02 276.6 10.7 243 16.7 23 539 2227 -6.19
2009 123 0.2 125 11.8 : 149 2.3 29.0 16.5 0.46
2010 123 0.2 125 129 148 25 303 17.8 0.50
2011 123 0.2 12.5 14.2 148 28 1.8 "3 0.5¢
2012 123 02 125 15.6 ; 3 334 0.9 0.58
2013 123 02 125 T2 43.8 145 3.0 79.0 €8.5 1.82
2014 123 0.2 125 18.9 247 39 475 350 0.87
2015 123 02 125 208 247 4 49.6 ara 1.03
2016 123 a2 125 29 247 4.4 520 395 1.10
2017 123 02 125 232 247 4.7 54.6 421 117
2018 123 0.2 125 27.7 554 247 5.0 1137 101.2 281
2019 123 0.2 125 .S 33.0 5.8 69.4 56.9 1.58
2020 123 02 125 s 33.0 6.2 728 60.3 1.67
2021 123 02 125 369 3.0 6.6 76.5 64.0 1.78
2022 123 0.2 12.5 40.6 3.0 7.0 BO.E 68.1 1.89
SUM &27.2 2959 49 928.0 418.2 166.0 234.6 721 1090.9 1629 4.52
Notes:
1) INVESTMENT COST (T x 1M): SC: sc2 scs | PV(12%) of benelns:
Year 1983 163.7. 3327 381.7 183.7 T x 1M 136.6
1998 189.5 Q.0 0.0 199.5 USSx 1M 3.8
2008 264.1 0.0 264.1 2841
2) O&M COST (Th. x 1M):
Maintenance: 1983 3.0 7.2 54 3.0
1998 3.6 0.0 0.0 a5
2008 1.7 0.0  fr 3.7
Monitonng 20 20 20 20
3) OTHER COST:
Th.x 1M 0.2 EIRR: 1.82% 1.35% 1.65%
4) BENEFITS (Th. x 1M): NPV 2174 -314.6 -215.9
Savings repair cost 21 NPVR1: -0.62 0.57 50| ©
Annual manten. 0.03
Annual iIncraase 10%
5) Conversion USS 1 = Tk 36
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The economic analysis of bank erosion protection is based on uncertain future events and imperfect
data. Because of this, it is important that sensitivity analyses be undertaken. This implies an analysis of
the economic internal rate of return as function of changes in investment cost, monitoring and mainte-
nance expenditure and estimated value of benefits. The results are presenied in Table 10.7.5. When
assuming that construction costs will not increase if the implementation of the works is postponed, it
can be concluded from the cashflow that deferring the construction until 1998 is beneficial, since hardly
any benefits are generated till this year The EIRR will increase to abaut 3%.

The tollowing conclusions can be drawn:

(i) Guide bund bank protection works at Haimchar to protect the existing interests along the river
bank show a low economic internal rate of return. when compared to the present-day practice
of gradually shifting the embankments to the extent bank erosion progresses.

(ii) In spite of the low return on inves nents, it may be worthwile to consider such bank protection
schemes in a long term strategic planning for the Lower Meghna.

TABLE 10.7.0  H=SULTS SENSITIVITY ANALYS!S HAIMCHAR

10.7.7

VALUZS. EZconomic Internal Rate of Return (ZIRR)

UNIT: percen:

Cnange in. CHANGE IN 3ENZFITS: ]

investrm. | -30% -20% -10% 0% 10% 20% 30%
-30% 0.35% 1.81% 3.10% 4.24% 5.29% 8.25% 7.16%
-20%|  -0.54% 0.80% 215% - 3.27% 4.28% 5.22% 6.08%
-10%8  -1.322% 0.09% 1.32% 2.41% 3.40% 4:3155 5.16%

0% -2.02%  -0.63% 0.58% 1.65% 2.63%  3.52% 4.34%

10%  267%  -1.00%  -0.00% 0.57% 1.93% 2.80% 3.61%

20%  -3.26%  -1.89%  -0.70% 0.35% 1.29% 2.15% 2.95%

30%  -3.80%  -2.44%  -1.26%  -0.22% 0.71% 1.56% 2.34%
|Change it CHANGE IN BENEFITS:

Mon&Mai ! -30% -20% -10% 0% 10% 20% 30%
-30%,  -0.91% 0.38% 1.51% 2.53% 3.46% 4.31% 5.11%
20%  -1.28% 0.04% 1.20% 2.24% 3.18% 4.05% 4.85%
-10%  -1.65% -0 3% 0.89% 1.95% 2.90% 3.78% 4.60%

o8  -2.02% -0,63% 0.58% 1.65% 2.63%  3.52% 4.34%
109! " -0.98% 0.26% 1.36% 2.35% 3.25% 4.08%
20%  -2.80%  -1.33%  -0.05% 1.06% 2.07% 2.98% 2.83%

-3.20%  -1.68%  -0.38% 0.76% 1.78% 2.71% 3.57%

309

Displacement of population

For the rural areas along the Lower Meghna no surveys were executed. Hence, there are no data for
the number of persons displaced as a result of likely bank migration. Moreover, the 1991 Statistical
Yearbook for Bangladesh is inconclusive with respect to population densities in the aforementioned rural
areas. The overall population density for the country was 750 persons per km® in 1991 (Statistical
Yearbook 1991). Present day rural population counts for about 70% and is expected to reduce to about
50% over the project period (‘Developing the Infrastructure, Volume Three of the Report of the Task
Forces on Bangladesh Development Strategies for the 1990's’ 1991). The averaged rural population
density is therefore estimated at 400 people per square kilometer.

The total rural area likely to be washed away by erosion during the 30-year project evaluation period is
estimated at 315 ha. Hence an estimated 1,260 persons would be affected during the same period.
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10.8 Meghna Roads and Highways Bridae
10.8.1 Present situation

Crossing the Meghna by bridge has only been possible Dy rail for a long time. The raiiway bridge in
Bhairab Bazar exists already 50 vears. but all other trafiic used 1o cross the river by ferry./ln 1930 the
Meghna R&H Bridge was opened and if forms the first chain of bridges in the rcad network linking
Dhaka and Chittagong.

Construction of the bridge was finished in 1¢30. Local protection works (mainly gabions) to safeguard
the engulfment of abutments and the approach roads were included in the construction of the bridge.
However, at this date large parts of these protections for the left abutment are damaged.

L

10.8.2 Area Affected

Protection works considered by the Meghna River Bank Protection Shomn-Term Study concentrate on
structures 1o train the river at a point some 2 kilometre upstream of the eridge and/or protecting the
old ferry ghat and the vortex area downstream this point. Five altarnatives have been studied (pre-
foasibility level) for the protection of the bridge, of which four include praisction of the ferry ghat and
vortex area.

10.8.3 Alternatives for river bank protection

Protection of the R&H Bridge can be undertaken in different ways. Based on the resuits of the geo-mor-
phological study (Annex B) five scenarios have been developed for protection works. These scenarios
can be grouped in three types of protection works:

(a) repair of the existing bank protection together with protection cf the ferry ghat and the vortex area,

(b) a combination of the works undertaken under (a) and a groyne of 200 m upstream of the bridge, and

(c) construction of a spur dike (groyne) guiding the flow on the left bank near the ferry ghat.

10.8.4 Benefits of orotection works
10.8.4.1 Disruption of road transport

Based on the results of the site investigation and the geo-morphological study of the upper Meghna, it
is expected that the R&H Bridge, in the coming 30 years, may be damaged to such an extent that traffic
is disrupted over a considerable period of time required for repairs. Consequently, a detailed study is
needed to evaluate the impact of such a disruption to the national economy. In view of the data available
only a limited analysis at pre-feasibility level has been carried out. .

Damage to the bridge will cause a disruption of road traffic from and to Dhaka: passengers and cargo
will either divert to other routes and modes or will have to cross the river by ferry to proceed to their
destination. This invoives the following;

- loss in time;
- extra cargo handling cost;

- extra transport cost for passengers and cargo.
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For an economic evaluation of road traffi~ disruption the following cost components must be evaluated:

(a) Economic vali~ ~f Igst time

Depending -.. e length of the disruption, the total number of lost man-days can be calculated
and appreciated ifi economic terms.

(b) Increased handling and transporn cost
Increased transport and handling cost are evaluated over the length of the disruption period.

One may expect that cargo transport will in general use the ferries, although it is also foreseen
that a small portion of cargo will divert to the rail transport mode.

(c) Repair cost
The cost for repair of damage to the bridge is evaluated and comprises a benefit to the project.

(d) Cther cost

This refers in particular 1o the expenses needed for upgrading the ferry ghat and assuring that
enough ferries are avaiiable.

In this study the analysis is based on a review of traffic flows over the bridge during a 12 months period.
The incremental faiiure probability of various dearees of damage to the bridge has been assessed,
together with the costs and time required for repairs. On the basis of a damage probability function the
expected annual costs have been evaluated at Tk 207 million in economic mid-12391 terms.

(i) Flows over bridge

From statistics provi-ie . A&H department the total flow over the bridge could be estimated.
However, no long time series could be provided as the bridge only was only opened in 1890. Hence,
only 1990/81 records are available. Per 12 months 11 million persons cross the bridge and 3 million ton
of cargo passes.

(iii) Passenger's crossing

Failure of the bridge will result in a disruption of passenger traffic over the bridge. The most likely
alternative for crossing by bus or car would be to cross the river by ferry or boat. This increases the trip
by 4 to 5 hours. Hence. the total hours lost as result of bridge failure are estimated &t 44.8 million hours
par year.

Half of this time is considered an economic loss to the country, which is evaluated at Tk. 7.5 per hour
(market prices), in agreement with the wage for unskilled labour. The SWR conversion factor is 0.71.
Hence, this represents an economic loss to the country of Tk. 119.5 million on an annual basis (mid-
1991 economic prices).

Ferry crossing has been evaluated from estimations made for the Jamuna Bridge study. Based on this
study the estimated additional ferry cost are considered to be Tk. 2 per person (financial prices) or Tk.
1.6 per person (gconomic prices) Hence. the additional economic ferry cost per year are Tk. 18.4
million. Table 10.8.2 in Annex F gives r'2tails.

(iv) Cargo tran~"
Alternatives for cargo transport in case of bridge failure are difficult to predict because no detailed
information could be provided on destinations and flows. Hence, likely cargo flows are estimated on the
basis of prevailing flow patterns:

- Originating from Chittagong with destination Dhaka: 65% of volume;

- Criginating from Dhaka with destination Chittagong: 25% of volume:
- Short distance transport over ihe bridge: 10% of volume.
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Alternatives for transport between Chittagong and Dhaka vice versa are ferry crossing. railway and river
teansport. Few details are known on the likely reaction of transporters as to the cnoice of alternative
tfransport modes. It is. however, very unlikely that any cargo will be diverted to Bangladesh Rail services.
Water transport is more likely as an alternative, but this mode of transpor can be neglected as it 1s more
suitable for bulk products and special items, rzther than for general cargo. Hence. it is assumed that all
(long haul) cargo will use ferry services when the bridge will fail.

Shont distance transport will also cross the river by ferry. Any possible additional cargo handling charges
have been excluded, because additional cargo nandling is not ner~-- ..+«a variations of cargo
handling costs for difierent modes of transport are marginal.

Ferry costs are based on prevailing ferry costs in Bhairab Bazar and Daudkandi. Based on the
assumption that all cargo is transported by five tons carrier and that crossing the river by ferry will take
an additional four hours. the additional cost for ferry crossing nas been estimated at Tk. 45 per ton in
financial and Tk. 34 per tonne in economic prices.

Conclusively. it follows that the total additional transport cost in case of failure of the bridge amounts
to Tk. 105 million per annum. Details ara given in Table 10.8.1

TABLE 10.81 ADDITIONAL ANNUAL COST CARGQO TRANSPORT
Prices: mid-1991 ecanemic prices
Jnit: Tk,
Itemn unit valus total
x1C00)
Fractions:
Chittagong-Dhaka ton 85% 2034
Dhaka-Chittagong ton 25% 782
Short distance transport ton 10% __ 313
Total ton Gtz
Additional annual transport costs:
Ferry crossings Th 336 105 134

v) Other cost

Since over a year the operation of ferries has ceased at the location of the bridge. During that period the
ferry ghat have been damaged Dy the river and to start operation again would involve additional cost.
Reparation of the existing ferry ghats is expected to cost Tk. 20 million (Tk. 200 lakh).

10.8.4.2 Avoidable repair costs

Three situations with a different degree of damage to the bridge have been investigated. For these situations

the incremental failure probability has been assessead, the repair costs have been estimated and the period
of disruption of transport indicated.

Since no detailed cost information was obtained related to the construction of the bridge, the preliminary

cost estimates have been based on adjusted figures from the Jamuna Bridge. The situations considered are
characterized by:

(a) Failure of abutment

- Incremental probability estimated at 4.0 E-01
- Repair costs estimated at Tk. 8.9 million

- Disruption of traffic for a period of one year
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(b) Eailure of abutment and tw ns

- Incremental probability estimated at 1.0 E-O1

- Repair costs estimated at Tk. 177.1 million

- Disruption of traffic for a period of one and a hali year

(c) Failure of embankment aporoach road

- _Incremental probabilitv estimated at 5.0 E-02
- Repair costs-estimated at Tk. 285.2 million

Disruption of traffic for a period of two years

10.8.4.3 Total avoidable transport and repair costs
Total costs for each of the faiiure scenarios have been summarized in Table 10.8.2

TABLE 10.82 ADDITIONAL COSTS DUE TO DISRUPTION TRANSPORT OVER R&H BRIDGE

Prices mid-1821 economic prices
Unit. Tk, % 1M

Item Freg Dur.iail, Repair Reoaur Ec.cost Ec.cost Total

(iailure) {vrs) cos! ferry gh. pers cargo cost

No failure 1.0=+00 0 0.0 0.0 0.0 0.0 00
Abutment failure 4.02-01 1 8.9 20.0 1378 1051 2719
railure 2 spans 1.0=-01 1.5 1771 20.0 208.9 157.7 551.7
Failure approach embankment 50=-02 2 295.2 20.0 2759 210.3 B01.3
Notes:
1) Tk 35 is conversion rate for 1 USS

For each of the three situations the total costs of repair and additional transport and cargo handling have
been estimated and these values have been correlated with the incremental failure probability of the bridge
by fitting the Gumbel extreme value probability function. Based on this function and following the
procedures outlined in the FPCO-guidelines for project assessment, the expected annual financial costs due
to disruption of road traffic over the bridge has been evaluated at Tk. 223 million. Table 10.8.3 gives the
mathematical expectation of annual avoided cost. Figure F.8.1 in Annex F. presents the frequency-damage
relationship for the R&H Bridge. -
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TABLE 10.8.3 MATHEMATICAL EXPECTATION ANNUAL DAMAGE

PRICES: mid-1991 economic prices

UNIT: Tk x 1 million

Return SAVINGS REPAIR/ADD.COST:

Freq. period Total C&F Cum
(non-exc) (yrs) cost differ. C&F diff.
0.00% 0.0 0.0
10.00% 203.8 10.2 10.2
20.00% 252.0 22.8 33.0
30.00% 291.1 27.2 60.1
40.00% 327.8 30.9 911
50.00% 2 365 & 34.7 125.7
60.00% a0s.4 38.6 154.3
70.00% 1547 431 207 .4
80.00% 3 517.8 48.6 258.0
50.00% 10 618.8 56.8 312.9
85.00% 20 713.6 33.4 346.2
55.90% 243 743.0 6.6 352.8
97.50% 40 810.6 124 363.2
98.00% 50 841.0 4.1 280 =
99.00% 100 934.9 8.9 378.2
89.40% 167 1,003.9 3.9 382.1
99.50% 200 1.028.5 1.0 383.1
99.86% 703 1.189.1 4.0 3871
99.90% 1000 1.245.3 0.5 387.6
99.97% 3546 1,415.7 1.0 388.6
99.99% 16128 1,6192.5 0.3 388.9

10.85 Costs of the river bank protection

Five alternatives for protection have been considered. Four scenarios for protecting the bridge inciude
repairing the existing bank protection and protection of the ferry ghat and vortex area. In two scenarios
protection works are combined with a groyne of 200 metre, which is constructed in the river some 2
kilometres upstream.

A fifth scenario comprises a groyne stretching out from the ferry ghat downstream.

Table 10.8.4 gives a summary of investment cost.

Monitoring and maintenance of protection structures is an important companent, which afiects directly the
long term effectiveness of protection works. Monitoring and maintenance are an integral part of river bank
protection, the probability of railure of the structures may very well increase rapidily in the future if they are
poor.

Monitoring activities comprise sounding of bed and bank level. They are estimated at Tk 2.0 million per
annum in economic terms. After critical judgement of pr. .ection work items it Is assumed that annual
maintenance is 4.0% of the investment costs of all revetment components. Table F 8.7 provides details on
annual monitoring and maintenance.
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TABLE 10.8.4 SUMMARY OF INVESTMENT COST
Type Investment cost Local/toreign
and year currency

Repair existing protection, 1993: MTk. 184.0 Local: 55%
ferry ghat and vortex Foreign: 45%
Repair existing protection, 1993: MTk. 184.0 Local: 43%
ferry ghat and vortex plus 2003: MTk. 312.2 Foreign: 57%
agroyne of 200m

Repair existing protection, 1993: MTk. 237.9 Local: 43%
ferry ghat and vortex plus Foreign: 57%
groyne of 200m

Repair existing protection, 1993: MTk. 151.8 Local: 51%
ferry ghat and vortex Foreign: 49%

Guiding spurditr . Lyne 1983: MTk. 126.8 Local: 66%
: = Foreign: 34%

Budgetary implications of the bank protection works relate in general to recurrent cost, which must be
met by the national budget. The following cost are considered to be covered by this budget:

In Annex F, Table F.8.8 an overview of current expenditure for monitoring and maintenance operations
at the start of the project, atter five years and in the year 2008.

10.8.6 Economic Evaluation

In Table 10.8.5 the economic cash flow is given tfor the groyne protection. The cash flow table requires
no further discussion.

The rate achieved for all of the protection scenarios is very high above one hundred percent. Investment
cost are fully repaid within the period of one year after completion. Hence, all protection scenarios are
fuliy justified in economic terms.

The economic net present value for the five protection scenarios has been calculated for a discounting
rate of 12% and amounts to over Tk 2000 r llion for the groyne alternative solution. The NPVR ratio as
required by the FPCO-guidelines reaches 12.8.

The cor..lusion drawi: «uin this preliminary analysis is obviously that the additional bank protection

works 10 guarantee the stability of the bridge show a very high EIRR and are fully justified in economic
terms. A sensitivity or multicriteria analysis is, at this preliminary stage, therefore not considered required.
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TABLE 10.8.5

BY A GUIDING SPURDIKE OR GROYNE

ECONOMIC CASH FLOW FOR PROTECTION OF THE MEGHNA R&H BRIDGE

PRICES: mid-1991 economic prices
UNIT: - Tk. x 1 million
START 1993
CONSTR 1 years
[ERR 189.55%] NPV 20751 NPYAL 1278
WITH-PROJECT SITUATION COST BENEFITS CASH Cash F
Year Invest. MaM Other iotal Bricge FLOW (USSx 1M
1593 126.8 23 01 128.3 0.0 -129.3 -89
1954 0.0 2.3 0.1 235 21440 215 __ 671
1995 0.0 23 0.1 25 251.3 2488 B
1996 2.3 0.1 25 258.8 L 4
1597 2.3 0.1 25, 266.6 2641 734
1988 0.0 23 0.1 25 ar's 2721 7.56
1999 23 0.1 25 2828 2804 7.79
2000 23 0.1 25 291.3 2889 8.02
2001 23 0.1 25 3001 297.6 B8.27
2002 2.3 21 2.5 309.1 306.6 8,52
2063 23 Q.1 25 318.3 3159 877
2004 2.3 01 25 3279 3254 9 0
2005 0.0 23 0.1 25 3377 335.3 931
J006 23 a1 25 3475 54 9 55
2007 23 01 25 358.3 355.8 9.83
2008 23 0.1 25 389.0 3666 10.18
2009 23 0.1 25 380.1 3776 10.49
2010 23 01 25 391.5 389.0 1081
20m , 23 0.1 2 4033 4008 11.13
2012 23 0.1 25 4154 4129 11,47
2013 23 0.1 25 427.8 425.4 11.82
2014 2.3 0.1 25 430.7 438.2 12.17
2015 23 0.1 25 4539 451.4 1254
2016 23 a1 25 467.5 465.0 12.92
2017 23 0.1 25 481.5 479.0 13.01
2018 23 0.1 25 496.0 493.5 13N
2019 23 0.1 25 510.8 508.4 14.12
2020 23 0 25 526.2 523.7 14.55
2021 23 0.1 25 5419 5395 __ 1499
2022 23 0.1 25 558.2 9557 TR
SUM 126.8 703 3.8 200.9 11032.5 e <. 28
Netes:
1) INVESTMENT COST (Tk. x 1M):
Year 1593 126 8
1998 0.0
2005 0.0
2) O&M COST (Tk. x 1M):
Maintenance: 19483 0.3
1998 0.0
2005 0.0
Monitoring 2.0
3) OTHER COST:
Th. x 1M - 0.1
4) BENEFITS (Tk. x 1M):
Savings repair cost 2233
o Annual increase 1%
5) Conversion USS 1 = Tk, 36
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10.9 Maniknagar
10.9.1 Present Situation

(=

Maniknagar is situated on the lefi tank of the Meghna( south of Bhairab Bazar. Erosion has attacked the
river bank for more than a decade and is the result of both current and wave action. Agriculture is the
main 2conomic activity in the area The area is the location for the future Gumti phase Il project and
erosion could very well thr2aten tiiis irrigation project in the future.

The feasibility of the Gumti |l project was studied in 1990 by a consortium of Bureau of Consulting
Engineering Ltd. of Bangladesh and Sir William Halcrow and Partners Ltd. of the United Kingdom. The
aim of the project is to increase agricultural production. For protection against floods a new
embankment at some distance of the river was planned. However, the scope was not on river training
works to avert erosion of the proposed embankment.

Without adequate protection the outer bend of the Meghna could migrate some 700 m inland in the
coming 30 years and destroy the bazar. A substantial area of agricultural land would be engulfed as well.
Hence, benetfits of river training and bank protection works relate to a reduction of agriculture and urban
losses.

10.8.2 Area affected

Along the shore of the Meghna there arc a number of habitations and small commercial enterprises,
which would be protected.

The area of influence of the nr= __y river training and protection works reaches from the point where
the Meghna spiils in «wvu arms just south of Bhairab Bazar to where both arms confluence again. The
area protected covers lands bordering the river which will be parts of the future Gumti phase Il irrigation
praject.

The economic pre-feasibility analysis covers four alternatives, notably (a) protection through groynes,
(b) overall bank protection works over a length of 5,000 m, (c) a series of sand-sausages and (d) closure
of the river arm at the bifurcation upstream of Maniknagar. A comparison is made between a future
scenario with river training or protection works (with-scenario) and without any works being implemented

(without-scenario). ¢
10.9.3 Alternative bank protection works

Four types of river bank protection have been investigated, notably (a) one large groyne or a series of
groynes, (b) revetment of the existing bank, (c) sand-sausages in the river to train the flow and (d)
closure of the river arm. ’

10.9.4 Benefits of Maniknagar of protection works
10.9.4.1 Reduction in repair and maintenance xpenses
Maintenance and rep= ~ _...ses tor damage caused by the Meghna have been negligible in the past.

There is every reason 1o believe that this will remain so in the future without-scenario situation. Hence,
there are no savings in maintenance and repair expenses which can be attributed to protection works.

10.9.4.2 Destruction of buildings and urban infra-structure

River bank erosion will cause loss of buildings and damage to existing structures. Some inhabitants
move their homes every now and then more inland to protect them from the water of the Meghna during
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the flood seasan. However, other houses and commercial buildings in the area are still prone to erosion.
Many houses are simple one-storey Kutcha structures which have a marginal value and can be moved
at low cost, mainly labour.

From the results of the geo-morphological study (see Annex B) it could be estimated how far the bank
line will recede and how much land is likely to disappear. To estims="- .- =wye value of public and
private property per square meter for Maniknagar, the same assumptions have been made as for
Eklashpur and Haimchar, yielding an value of Tk 799. See Thapters 6 and 7 of this Annex.

Apart from the infra-structural losses as a result of bank erosion, thera is also loss of land to be
considered. The fact that it washes away and is lost means that it must be considered in the economic
evaluation. However, all land was accounted for in the analysis of agricultural production, assuming that
agriculture is the nearest-best economic activity. Moreover, double-counting has thus been avoided.

10.9.4.3 Agriculture

The actual cropping pattern in the area was derived from the feasibility study of the Gumti phase Il
project. Net economic return of irrigated agriculture were adapted from Thompson (1990) and from
results of work done by FAP 5. The annual net economic revenues of agricultural area lost due to
erosion are taken into account as benefit of works undertaken at Maniknagar.

Apart from the annual net revenue of the area inside the embankment otherwise lost, a value of Tk. 1,677
per hectare associated with the irrigation infra-structure can also be considered as avoidable costs and,
hence, as benefit of protection works in Maniknagar. This figure was derived from data supplied by FAP
5.

The r.2t annual economic revenues of actual cropping in the Gumti irrigation project have been
evaluated at Tk. 10.593 per ha. Details are reported in Table 10.9.1.

.TABLE 10.9.1 ANNUAL NET REVENUES PER ! —w1ARE GUMTI PHASE I
PRICES: constant mid-1991 economic prices
UNIT: TK. )
Item Unit Unit Fraction  Annual
- return in area returrn
Culivation:
Rabi crops 1) ha 6 755 37.8% 2553
HYV Boro ha 9 522 17.3% 1647
B Aus ha 316 15.1% 48
TL Aman _ ha 6 584 74.8% 4 932
Sub-total ha 82.1% 9180
Fish-ponds 2) yr 20736 6.8% 1410
Orchards 2) yr 218 1.1% - 2
Other areas 10.0%
TOTAL 10 593
Rental value 51 681
Notes:

1) Rabi crop considered is wheat
2) Retumns are adapted from Thompson (1 990) —
3) Rental value is adapted from crop budgets

Apart from the loss of agricultyral production as a result of t nk erosion. there is also the reduction in
loss of land as a productive asset to be considered.

The capitalized economic rental value of land has been considered in the economic evaluation. This
value has been estimated at Tk. 51.681 per ha.
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Table 10.9.2 provides details of total agricultural benefits over the 30-year period of the feasibility study.
In the table with and without-project scenarios are compared. Benefits of river training works are given
by the balance, which represents the reduction in losses to cropping.

10.8.5 Cost of alternative protection gptions

10.8.51 Investment cost

Estimated cost for river training works are based on the preliminary design. Economic investment cost
for a large groyne at Maniknagar is estimated at USS 7.38 million, which equals to Tk. 265.6 million. An
estimated 43% of investment cost are loc | currency expenditure and the foreign component amounts
to 57%. Also evaluated is the construction of a series of groynes, costing USS$ 8.55 million or Tk. 343.7
million No details are =~~~ ' _,, vconstruction of a closure dam because this solution may face strong
resistance from river transporters and fisherman.

An second design for protection has been made, notably a continuous revetment of the existing bank.

This type of protection is costing USS 1%.97 million or Tk 466.7 million. Local currency expenditure is
50% and foreign component totals 50%.

The third option comprises of sand-sausages to train the river. For this type of investment economic
investment cost are estimated at USS 15.4 million or Tk. 554.9 million. An estimated 40% of investment

cost are Iocal currency expenditure and the foreign component is 60%. Table 10.8.3 provides a summary
of investment cost for all three options.

Monitoring comprises regular inspection of structures as well as topographic and bathymetrical
measurements. Annual maintenance is estimated at 4% of surface components, e.g. open stone asphalt,
tfascine mattress. boulders in falling apron and grouting of boulders.

Sand-sausages requires very few maintenance, although they have to be monitored more frequently to
deter any damage.

Monitoring and maintenance expenditure for river training works must normally be met by the national
budget. Assuming a general level of pric increase of 10% per annum, means that the cost riet by the
budget increase substantially over the years. Moreover, expenses for environmental monitoring and, if
such is necessary. mitigative = ..e must equally be met by the national budget.

in Annex F. Table F.0.6 a summary is presented of current expenditure for monitoring and maintenance
operations at the start of the project, after five years and in the year 2008.
10.9.6 Economic evaluation

The computation of the cash flow has been limited to the most profitable alternative. Table 10.9.4
provides the cash flow for river training by a large groyne.

The construction of a groyne just gives a positive EIRR. This means that the economic value of the
interests to be protected are just offset by the costs of the protective measures. All other protection
options show a negative EIRR. Hence, none is acceptable on economic grounds.

The economic NPV has been calculated for a discount rate of 12% and found to be negative for all
options considered. The NPVR ration as required by the FPCO-guidelines has been evaluated at -0.53.

A sensitivity analysis. nor a multicriteria analysis, will give any added value to the conclusions drawn
from this preliminary analysis and have not been presented in this report.
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TABLE 10.8.2 _ AGRICULTURAL BENEFITS

PRICES: constant mid-18991 economic prices

UNIT: Tk x 1000
Year  SITUATION [WO]:
Area Preduct. Land+Infr Total
lost(ha) loss(CUM) value
1993 16.3 166.8 871.6 10384
1984 11.4 283.3 608.2 B92.6
1895 11.4 399.9 609.2 1 008.1
1596 11.4 516.4 608.2 11257
1997 A 633.0 608.2 12422
1998 11.4 749.6 608.2 . 1 358.8
1899 13.6 888.3 725.5 1613.8
2000 13.6 1027.1 725.5 1 752,5__
2001 13.6 1 165.9 725.5 18914
2002 13.6 1304.7 725.5 T e
2003 13.6 14435 725.5 2169.0
2004 141 1 587.0 750.1 23371
2005 14.1 17305 750.1 2480.7
2006 141 1 874.1 750.1 26242
2007 14.1 2017.6 750.1 2767.7
2008 14.1 2161.1 750.1 2911.2
2009 15.5 2319.6 828.8 31484
2010 155 2478.2 B828.8 3 307.0
2011 15,5 2 636.7 828.8 34655
2012 155 27953 828.8 3624.1
2013 15.5 20953.9 828.8 37826
2014 16.6 3123.4 886.3 4 009.7
2015 16.6 3293.0 886.3 4179.3
2016 16.6 3462.6 B86.3 4 348.8
2017 16.6 36321 886.3 45184
2018 16.6 3801.7 886.3 4 688.0
2019 18.3 3987.9 g973.1 4 961.0
2020 18.2 4174.0 §73.1 5147.2
2021 18.2 4 360.2 §73.1 53334
2022 18.2 4 546.4 973.1 55196
SUM 4454 65 513.9 23763.5 892774
Notes:.
1) Tk. 1677 per hais the value of irrigation i ‘ra-structure
based on an analysis of data from SERWRDP (FAPS)
2) At 50% is estimated the level of irrigation in the Maniknagar
region ' .
3) Tk. 10593 is the economic unit value of land in the Maniknar - region
Tk. 9 824 is the economic value of non-irrigated land
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TABLE 10.8.3 SUMMARY OF ECONOMIC INVESTMENT COST FOR WORKS AT

MANIKNAGAR
Type investment cost and year Local /foreign currency
Large groyne 1993: MTk. 265.6 Local: 43% / Foreign: 57%
Series of groynes 1993: MTk. 343.7 Local: 45% / Foreign: 55%
Overall bank 1993: MTk. 466.7 () Local: 50% / Foreign: 50%
protection (5.000 m)
Sand-sausages 1993: MTk. 554.9 ?..{'Jcai: 40% / Foreign: 60%

TABLE 10.8.4

ECONOMIC CASH FLOW MANIKNAGAR RIVER TRAINING WORKS (LARGE

GROYNE)
PRICES:  mid-1931 economic prices
UNIT, T % 1 millon
START 1833
CONSTR: 1 vears
|EIRR 0173 NPV: -180.6 NPVR1: -0.56
WITH-PT ™ =1 umi DN COST. BENEFITS: CASH Cash F
Year Irmves’ MAM Other Total Repair ¢ Urban pr Aaric Tt} FLOW (USSx M)
1883 2€5.6 5.0 0.3 2708 0.0 0.0 00 0.0 -270.8 7.5
1954 0.G 5.0 0.3 52 0.0 9.1 0.9 10.0 4.8 01
1895 o.c &0 0.3 5.2 0.0 8.1 1.0 10 45 DLy
1996 50 0.3 52 0.0 8.1 1.1 10.3 5.0 0.1
1997 3.0 0.3 5.2 0.0 91 1.2 10.4 5.3 (1R8]
1998 5.0 0.3 52 0.0 a1 1.4 10.5 52 0.
1999 5.0 0.3 52 0.0 10.9 1.6 125 1.2 0.2
2000 5.0 0.3 52 0.0 10.9 1.B 12.6 7.4 0.2
2001 5.0 03 52 0.0 10.9 19 128 7.5 0.2
2002 5.0 0.3 &2 0.0 10.8 20 12.8 77 0.2
2002 5.0 0.3 52 0.0 10.9 22 13.0 7.8 0.2
2004 5.0 0.3 52 0.0 11.2 23 13.6 8.3 0.2
2005 50 0.3 52 0.0 11.2 25 137 B.5 0.2
2006 50 0.3 52 0.0 11.2 26 13.2 B.E 0.2
2007 50 0.3 52 0.0 11.2 28 14.0 K] 02
2008 50 03 52 0.0 112 26 141 8.9 0.2
2009 50 0.3 52 0.0 124 3.1 15.6 10.3 0.3
2010 . 50 0.3 52 0.0 12.4 3.3 157 10.5 0.3
201 5.0 03 5.2 0.0 124 as 158 106 0.3
2012 50 0.3 52 0.0 124 3.6 16.0 108 0.3
2013 5.0 0.3 52 0.0 124 3.8 16.2 1.0 0.2
2014 50 03 5.2 oo 133 4.0 17.3 12.0 0.3
2015 5.0 03 52 0.0 133 42 17.5 2.2 0.3
2016 5.0 0.3 5.2 0.0 123 4.3 17.6 12 4 0.3
2017 50 0.3 52 0.0 13.2 4.5 17.8 12.6 0.3
2018 50 2.3 52 0.0 133 4.7 18.0 12.7 04
2018 pra 0.3 5.2 0.0 14.6 5.0 18.5 143 04
2020 ; 50 0.3 52 0.0 14.6 5 18.7 145 D4
221 5.0 03 52 0.0 14.6 53 18.8 14.7 04
202 5.0 0.3 52 0.0 14.6 5.5 201 J4.8 04
SUM 265.6 145.5 -B.0 4229 0.0 343.0 B8 2 431.2 8.3 0.2
Noters Large Sene o FV(12%) benetits
1) INVESTMENT COST. provne orovnes T x 1M BE B
Tie x 1M 265.6 265.6 343.7 USS x 1™ 2.5
2) MAM COST (T x 1M}
Maumenancs 3.0 3.0 6.2
Survey cos! 20 20 20
J) OTHER CDST:
T x 1M 03 EIRR 0.17% 0.
4) BENEFITS (Te x 10 NPV: -100.€ -2BT 2
Savings repa 0.0 NPVR 0.56 £0.65 |
Annus! mamter 0.0
AnNuAl CTaese 10"
5) Corrversaon USS 1 = Tk 5
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The conclusions drawn from this preliminary assessment are summarized below:

()

(i)

Bank protection works to protect the present-day infrastructural and economic interests along
the river bank are only marginally cover the associated costs. They are therefare not attractive
from the econcmic point of view.

Within the framework of the Gumti Il Project the benefits of bank protection works have to be

compared with the option to witndraw the originaliy planned empankment alignment over about
700 m.
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10.10 Left Bank of the Lower Meghna River

10101 Introduction

The Lower Meghna is the largest river of the -egion. discharging the flows from the Ganges, Jamuna anc
Meghna into the Benga! Gulf. Year ahier year the course of the Lower Meghna has shitted towards the
eas! despite all efions made b = .unorities. Although. much atiention has been paid in the past 1c
protect ‘he town of <....upur and irrigation projects upstream and downstream of the town, no
comprehensive concept has been proposed yet for long term protection.

Within the terms of reterence of the Meghna River Bank Protection Short Term Study an assessment of
an overall protection of the Lower Meaghna was not included, although the short term measures to be
proposed must be sustainable by themselves and must also allow being included in a long term strategic
development plan of the Lower Meghna Therefore. a preliminary assessment has been made of a
possible river training scheme aiming at @ complete regulation of the Lower Meghna incorporating the
short term measures designed for Eklashpur. Chandpur and Haimchar

In addition to the short term bank protection works elaborated for Eklashpur, Chandpur and Haimchar,
preliminary designs have been prepared ifor siructures in the iniermediate zone. covering the area
between Eklashpur and Chandpur and the area from Chandpur to Haimchar. aiming at fixing the leit
bank of the Lower Meghna in its present position.

Al this stage of the study. only & preliminary economic assessment of of the long term protection
scheme for the left bank of the Lower Meghna could be prepared. The basis of the assessment is
provided by the susiained protection works for Chandpur town in combination with the short term
protection works at Eklashpur and Haimchar and completed by protection works in the intermediate
zone.

The methodology foliowed for the e~onomic assessment of the long term bank protection scheme is
largely based on date ~. e calculation of economics of protecting Chandpur, Eklashpur and
Haimchar. Hence, reference is made to chapters 10.2, 10.5, 10.6 and 10.7 of this Annex.

10.10.1.2 Area covered
The feasibility assessment covers the left bank of the Lower Meghna where river bank protection and
river training works are envisaged which are aimed at keeping the river within it prosent bed. The area

vovered ranges from the confluence of the Meghna and Padma just north of Eklashpur to Haimchar
some 10 km south of Chandpur. Figure 10.10.1 provides an overview of the area involved.

10.10.2 Alternatives for protection

The construction of long term protection works for the lefi bank of the Lower Meghna comprise 2 series
of bank protection and river training structures. As a result of the preliminary nature of the analysis only
one alternative was investigated which consists of the following works:

(a) Protection of the existing bank at Eklashpur to be executed in 1883. 183€ and 2005.

(b) Protection works between Eklashpur and Chandpur. envisaged for the year 2002

(c) Sustainable town protection at Chandpur, first phase in 1883 and additional works to be
executed in anc! ?N77 - .10 o

(d) Protection between Cﬁandpur and Haimchar, planned for the year 2002

(e) Guide bund protection works at Haimchar to be executed in 1883, 1988 and 2008
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FIGURE 10.10.1
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10.10.3 Benefits of protection

10.10.3.1 Protection of Chandpur

Reference I1s made 1o section 10.5 4 of annex F The following paragraph summarizes the results of the
calculation of benefits tor pratection of Chandpur town

(i) Savings on repar and maintenance. damaae and loss

Based on total economic repair and maintenance expenses and cost of erosion damage for the recent
past expected savings as a result of protection works are calculated. It is assumed that the annuzlly
recorded and estimated economic repair and maintenance expenses and cost of erosion gamage have
an extreme value distribution. The annual figures are rankad in size and a trequency is assigned n
agreement with thair ranking  The expenses are then correlated with their respective freguency by fitting
the Gumbel extreme vaiue probability tunctic  In agreement with the FPCO-guidelines the mathematical
expectation of avoidable cost can be calculated

The matl.cmatical exue w..uuti 0 8nnual avoidable costs dus 1o repair. maintenance. loss. damage and
lost profits. is evaluatea a: Tk 85 miilion economicaliv. Of this Tk. 15 million retfer to repair and main-
tenance expenses while Tk 71 million are the result of avoidable losses and damage 1o structures and
economic activities Deigils are presented in Annex F, Sestion 10.5.4 .4

As a result of ongoing erosion over the vears the expecied value of the annual avoidable costs identified
above are assumed 10 increase Savings in repair and maintenance expenses are iikely to increase by
a 10% per annum, while avoidablz losses and damage 10 structures and net economic returns increase
by 3% per annum This increass is not related to changes in the prices of commodities, but reflects
merely aspects related 1o ever increasing cost to protect Chanapur, as well as population growth and
increase of economic activity

(ii) Railway complex and IWTA terminal

Protection of the town of Chandpur would avoid the engulfment of the railway complex and the IWTA
terminal. Details of the cost avoided are presented in Annex ¥, Section 10.5.4.5. Benefits range between
Tk. 1.4 million per vear and Tk, 4.7 million per year depending on the stage of erosion.

(i) Aagricultural benefits

The agricultural benefits as a resuli of protertion works at Chandpur are associated with the protection
of arable land of the Maghna-Dhonagoda a1« Chandpur Irrigation proiects upstream and downstream
of Chandpur due to the permanen* han!" protection works proposed in the project. In agreement with
the FPCN-guidelines t+ - esull from e reduction of net agricultural revenues lost and loss of
irmigation infra-structure or land-due 1o erosion. Details are presented in section 10.3 4.5 of this annex
and are summarized in Tables 10.5.9 and 10.5.10.

10.10.3.2 Protection Eklashpur

A detailed discussion of benefits related 10 protection works in Eklashpur is provided in section 106 4
This section summarizes the results

(i) Savings on repair and mainienance

Without any protection works a retirement of the embankment is joressen every five years from 1909
onwards. Because only small sections oi the embankment are renawed emergancy crolection ¢

be neglected altogether. Based on the considerable amount spent by the BWDE (= 1920/97 wa expe
that annual amounts for repair and maintenance will rapidly increase. For the 1981 siuzation an anual
repair and maintenance budget of Tk. 2.6 million has been estimated This value Is expected to increase
annually by about 10%.
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(ii) Relocation of pump station

One pump station of the Meghna-Dhonagoda irrigation project is located at a spot which could be
eroded by the river in the year 1898, according to the results of the geo-morphological study. A
relocation of this pump station to a site more inland is needed. The estimated economic cost for
relocation of the pump station are Tk. 32.4 million.

(iii) Retirement of embankments

As the river bank shifts towards the east. it will destroy the existing embankment. From the results of the
geo-morphological study (see Annex B) it could be estimated how far the bank line will recede. The
without-project scenario foresees that every five years a new stretch of embankment must be construct-
ed in order to protect the Meghna-Dhonagoda irrigation project. Because, no new retired embankment
construction is required if the proposed protection works are implemented, the cost figures from the
table are savings. Hence, they represent expected benefits. A summar i= given in Tab'2 10.6.2.

(iv) Damage and loss to public and private properny

River bank erosion will cause lcss of buildings and damage to existing structures. Already inhabitants
have moved their homes more inland to protect them irom the water of the Meghna. However, there
remain a considerable number of houses and commercial buildings in the area prone to erosion. for
details on the avoidable damage and destruction to urban structure reference is made to section
10.6.4.4. In Table 10.6.3 the balance of damage to and destruction of urban assets ara presented for the
with- and without scenarios.

(V) Agricultural benefits

Agricultural benefits are associated with protection of arable land which would otherwise be lost as a
result of bank migration. Behind the embankment one finds mainly irrigated lands, while outside the
embankment ron-irrigated cropping takes place. Hence, for economic feasibility analysis it has been
assumed that irrigated agriculture takes place inside the embankment and non-irrigated agriculture
outside it. Details on the agricultural benefits are presented in section 10.6.4.5 and reference is made
to Table 10.8.5.

10.10.3.3 Protection of Haimchai

A detailed discussion of benefits related to protection works in Ektashpur is provided in section 10.7.4.
This section summarizes the outcome.

(i) Savings on repair and maintenance

Maintenance and repair of the embankments of the Chandpur irrigation project is carried out each year
by the BWDB. In the past the allocated amount has been very small. However, a retirement of the
embankment is foreseen every five years from 1993 onwards. Because only small sections of the
embankment are renewed, emergency protection and repair cannct be neglected altogether. Similar
estimates as made for Eklashpur were made for the annual amount to be spend on repair and
maintenance of the non-sustainable bank protection works on Haimchar in the without-scenario. An

annual expenditure of Tk. 2.4 million has been estimated. This amount is expected to increase by an
annual 10%.

(ii) Retirement of embankments

As the river bank shifts towards the east, it will destroy the existing embankment. From the geo-
morphological survey results it could be estimated how far the bank line will progress. The without-
project scenario foresees that every five years a new stretch of embankment must be constructed in
order to protect the Chandpur irrigation project. Reference is made to Table 10.7.2 for details on the cost
of the retired embankments envisaged. Recause, no new retired embankment construction is required
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if the proposed river training or protection works are implemented, the cost figures from the table are
savings. Details are presented in section 1U.7.4.2 of this annex.

(iii) Dam-  unw10ss of public and private infrastructure

River bank erosion has caused loss of buildings and damage to existing structures in the recent past
Already inhabitants have moved their homes more inland to protect them from the water of the Meghna
However. a considerable number of houses and commercial buiidings in the area is still prone to
erosion. In section 10.7.4.3 and Table 10.7.3 the balance of damage to and destruction of houses and
commercial buildings has been presented for the with- and without-scenarios.

(iv) Agricultural benefits

Agricultural benefits are associated with protection of arable land which would otherwise be lost as a
result of bank migration. In agreement with the FPCO-guidelines the agricultural benefits of river training
and bank protection works result from reduction of net agricultural revenues lost due to erosion of arable

land. Based on the results of the geo-morphological survey for the area, the change of the river bank
position could be forecast for scenarios with and without investments.

Table 10.7.5 provides details of total agricultural benefits on lands prone to erosion covering the 30-year
period of the feasibility study. In the table with and without-project scenarios are compared. Benefits of

river training works are given by the balance, which represents the reduction in losses to cropping. More
details can be found in section 10.7.4.4.

10.10.3.4 Protection of the intermediate zone

The calculation of bensiits In_the intermediate zone comprises reduced losses to urban infra-structure
and agriculture. Based on the results of the geo-morphological study it has been estimated that without
protection 1.200 ha would be lost from the year 2002 until 2022. The annual losses are estimated as the
average yearly erosion between 2002 and 2022, which is 57 ha per year. It is assumed that there is no
need for retirement of the embankments of the Meghna-Dhonagoda and Chandpur Irrigation Projects.

(i) Damaae 1o and loss of urban infra-structure

As everywhere in Bangladesh the population lives along the river banks, where at regular intervals one
finds clusters of houses. Often such clusters form a village with a small market. Although many houses
will be moved when the waters ot the Meghna rise, damage to and loss of structures are still to be
expected every year. Protection against bank erosion will prevent the loss of houses and market infra-
structure. The benefits as a result of avoidable losses in urban infra-structure are calculated in the same

manner as for Eklashpur or Haimchar Table 10.10.1 provides a summary of these losses for the whole
of the Lower Meghna

(ii) Agricultyral benefits

Agricultural benefits are associated with protection of arable land which would otherwise be lost as a
result of bank migration. In agreement with *he FPCO-guidelines the agricultural benefits of river training
and bank protection works result from reduction of net agricultural revenues lost due 1o erosion of arable
land. Most of the lands prone 1~ - _. form pan of the Meghna-Dhonagoda and Chandpur Irrigation
projects

The production vaiue and rental value of land lost as a result of erosion is based on the assumption that
the average of those values for Eklashpur and Haimchar give a good estimate of the values for the inter-
mediate zone. Based on the annual loss of 57 ha per year between 2002 and 2022, the avoidable agri-
cultural losses are calculated. Table 10.10.2 summarizes the total losses to the agriculture for the Lower
Meghna.
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TABLE 10.10.1 VALUE OF DESTRUCTED BUILDINGS AND URBAN INFRA-STRUCTURE FOR
THE LOWER MEGHNA
PRICES: constant mid-1991 €conomic prices
UNIT: Tkx 1M
EKLASH. HAIM. INTERMEDIATE ZON TOTAL

Year Total Total  Area(ha) U.assets )
1993 1.4 0.0 0.0 1.4
1994 21 0.0 0.0 0.0 2.1
1985 21 0.0 0.0 0.0 2.1
1996 2.1 0.0 * 00 0.0 21
1997 27 0.0 0.0 0.0 21
1998 2.1 0.0 0.0 0.0 21
1999 23.4 4.2 0.0 0.0 27.6
2000 234 4.2 0.0 0.0 27.6
2001 23.4 4.2 0.0 _ 0.0 27.6
2002 23.4 4.2 &7 4.6 89.3
2003 23.4 4.2 57 4.6 89.3
2004 35.9 16.7 57.1 4.6 1144
2005 35.9 16.7 571 46 1154.4
2C06 35.9 16.7 57.1 4.6 114.4
2007 35.8 16.7 &1 4.6 112.4
2008 35.9 16.7 57.1 4.6 1144
2009 18.8 14.9 57.1 4.6 83.5
2010 18.8 14.9 571 4.6 835.5
2011 18.8 14.9 57.1 4.6 835
2012 18.8 14.9 57 4.6 95.5
2013 18.8 14.8 57.1 46 — G35
2014 30.1 247 571 : IR
2015 30.1 24.7 571 4.6 116.5
2016 30.1 24.7 571 4.6 118.5
2017 30.1 24.7 57.1 46 116.5
2018 30.1 24.7 7.1 4.6 116.5
2019 48.9 33.0 57.1 46 143.6
2020 48.9 33.0 57.1 4.6 143.6
2021 48.9 33.0 57.1 4.6 143.6
2022 48.9 33.0 57 .1 4.6 143.6
SUM 748.8 434.6 1 200.0 95.9 24743

Notes:
1) Table does not cover Chandpur town protection
2) Tk. 0.798 x 1000 per sg.m is the estimated average
value of urban infra-structure and buildings
3) At 10% Is estimated the urbanised area
10.10.4 Cost of protection works
10.10.4.1 Investment cost

Total investment cost for the Lower Meghna are high, although not all investmant< are made in the same
year, implementation is staggered. The first part of protection v~ .. wunstructed as shon term pro-
tection in 1993. In later years more works are carried out in order to guarantee a long term sustainable
bank protection of the Lower Meghnad. Table 10.10.3 pro' Jes details on the investment cost and the
year construction would take place. It is noted that an additional investment of Tk. 270 million might be
required between Eklashpur and Chandpur in the year 2002. This will reduce the EIRR by about 19%.
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TABLE 10.10.2 AGRICULTURAL BENEFITS FOR THE LOWER MEGHNA

PRICES: constani mid-1991 economic prices

UNIT: Tk x 1M
Year CHANDPUR EKLASH HAIN INTERMEDATE ZONE. TOTAL
Upstr Downstr Total Total Area(ha) Prod{CUM Intraflang
1993 00 00 01 0o 00 0.0 0.0 01
1994 0.0 g2 01 00 0.0 0.0 0.0 04
1985 6:0 03 0.2 0.0 0.0 0.0 00 05
1896 00 03 0.2 0.0 0.0 0.0 0.0 05
1897 00 04 02 0.0 00 0.0 0.0 0.6
1998 on 02 00 0.0 00 0.0 07
1999 uu 08 20 03 oo 0.0 0.0 3.1
2000 0.3 0% 22 0.3 Do 0.0 0.0 3i7
2001 03 i 25 0= 0.0 .00 0.0 42
2002 4 1A 28 0= 571 06 38 662
2003 02 1.1 31 04 57 .1 12 39 673
2002 05 1.8 4.2 1.5 571 1.8 39 708
2003 07 2.0 46 T 571 24 39 724
2006 0.8 21 50 19 87.1 30 3.9 73.9
2007 pe 23 5.5 21 571 36 39 75.3
2008 0.9 25 59 23 574 5.2 39 76.8
2009 gl 31 50 23 574 48 39 T
2010 22 33 5.2 25 &7 54 39 797
2011 22 36 55 26 87 6.1 3.9 811
2012 26 38 57 28 57:1 6.7 3.9 825
2013 2.8 40 59 30 571 73 38 B3@
2014 3.0 45 7.4 3.9 571 7.9 3.9 87 4
2015 35 48 74 47 57.1 85 39 89 2
2016 3.8 5.1 7.8 44 57.1 9.1 3.8 911
2017 4.0 53 8.2 47 5751 8.7 38 8249
2018 5.2 56 85 50 571 10.3 3.9 847
2019 48 63 102 58 571 10.8 39 988
2020 85 10.7 62 57.1 115 38 101.6
2021 0.6 7.0 11.3 6.6 573 121 39 103.8
2022 6.2 7.3 11.9 7.0 571 127 3.9 1063
SUM 56.9 87.7 149.2 721 1200.0 & 1398 81.1 17868
Notes
1) Total 1202 haleno is saved as resull o river iraining between Eklashpur
and Cnanapur-upstream and between Chandpur-downsiream and Haimchar (intermediate zone)
2) Tk. 6031 per ha s the value of imganon infra-structure
based on an anaiysis of date from SERWRDP (FAPS)
3) Tk 10581 per ha is the economic production vaiue of lands
in the imermediale zone
4) Tk 61 570 oer ha is the average renial value of lands in the
in the intermeciate zone
10.10.4.2 Monitoring and maintenance cost

Monitoring and maintenance of river training works is an important component, which affects directly
the long term effectiveness of protection aoainst bank erosion. They form an integral par of protection
works and the rate of failure of structures ..iay increase rapidly in the future if maintenance works are
carried out poorly.
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TABLE 10.10.3 SUMMARY OF INVESTMENT CC-T FOR THE LOWER MEGHNA

PRICES: mid-1991 economic prices
UNIT: Tk x 1M
Protection Year Total Annual Annual Total
investm. cost maint. —monitor.

Chandpur town 19383 20755 - 19.0 20 21.0
Haimchar (1st part) 1993 314.6 3.8 20 5.8
Eklashpur (1st part) 1993 290.3 35 20 55
Eklashpur (2nd parnt) 1998 236.5 2.8 20 4.8
Haimchar (2nd part) 1998 236.5 28 2.0 4.8
Chandpur (length 400m) 2003 2186.0 2.6 2.0 4.6
Eklashpur (3rd part) 2005 236.5 28 2.0 4.8
Haimchar (3rd part) 2008 299.1 3.6 20 56
Total 3904.9 40.9 16.0 56.9
Notes: -

1) Maintenance % based on average of detailed designs:

average for LME investmen 1.20%

2) Compounded conversion factor for changing financial
prices into economic prices is 0.8

Monitoring comprises regular inspection of structures s well as topographic and bathymetrical
measurements. The annual cost of monitoring is estimated at Tk. 2.0 million per year (mid-1991
economic prices) per site. With protection works for which a detailed design and costing was prepared,
annual maintenance is estimated at 4% of surface components, e.g. open stone asphalt, fascine
mattress, boulders in falling apron and grouting of boulders. Annual maintenance for all other protection
works was estimated from total investments by using the fraction of respective maintenance in total cost
of works with a detailed design and costing. Details of monitoring and maintenance expenditure are
provided in Table 10.10.3.

10.10.4.3 Budgetary implications

Monitoring and maintenance expenditure for river training works must normally be met by the national
budget. Assuming a general level of price increase of 10% per annum, means that the cost met by the
budget increase substantially over the years. As a result of staggered investments in protection works
for the Lower Meghna, these cost increase dramatically. Annual monitoring and maintenance cost in
current prices are calculated as follows:

- 1893: Tk. 39.3 million

- 1998: Tk. 82.3 million
- 2008: Tk. 288 million

10.10.5 Economic feasibility assessment

10.10.5.1 Cash flow

The cash flow computation makes a comparison between benefits and cost of river training works for
the Lower Meghna, covering the 30-year evaluation period. The benefit and cost have been discussed
in detail in the previous sections For reasons already explained in e.g Chapter 10.2. it has been
assumed that the avoidable maintenance and repair expenses increase annually by 10%. This increase
is justified by the ever increasing cost of protecting land against the water of the Meghna in the present
situation without sustainable river bank protection. Other benefits associated with population growth and
increasing economic activities have been assumed to increase by 3% per year. This reflects the eco-
nomic growth of Bangladesh, which was between 3 and 4% over the last planning period,
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Table 10.10.4 provides the outcome of the cash flow calculation. The figures in rows for town protection
benefits and avoidable repair and maintenance expenses are higher than the mid-1991 economic values;
they have been increased with the annual growth percentage for the respective years of the cash flow.

Moreover, the method of calculation and the table require no further explanation.

TABLE 10.10.4 ECONOMIC CASH FLOW FOR LOWER MEGHNA RIVER BANK PROTECTION

PRICES: mid-1991 economic prices

UNIT: Tk. x 1 milhion
STARTING 1993
CONSTR: 1 vyears
EIRR 6.60% NPV: -1313.5 NPVRA1: -0.34
WITH-PROJECT SITUATION COST PROJECT BENEFITS CASH Cash F
Year Invest S&M Other Total T.prot BR/WTA Rep/maint. Nw.emb Rural Total FLOW  (USSx1M)
1933 2680.3 323 27 2715.2 g4 9.4 -2705.8 -75.2
1994 323 27 349 77.8 3.8 265 25 110.6 757 21
1935 323 2.7 349 BO.1 3.8 29.2 26 157 808 22
1896 323 27 T 82.5 a8 321 26 1211 BE.2 24
1957 32" - 349 B5.0 asB 35.0 27 126.9 91.9 26
1898 473.0 419 a2 5181 a7.6 47 38.9 66.1 28 200.0 -318.1 -B.8
1983 418 a2z 451 90.2 4.7 428 30.7 168.3 1233 34
2000 418 3.2 45.1 8929 47 47.0 21.3 1760 130.9 36
2001 418 3.2 451 95.7 47 51.7 31.8 183.9 1388 as
2002 0.0 41.8 3.2 45.1 88.6 4.7 56.9 155.5 N57 2706 1.5
2003 216.0 485 34 265.9 101.5 4.0 62.6 49.3 156.6 374.0 108.2 3.0
2004 46.5 34 499 104.6 4.0 68.9 185.1 362.6 2127 a7
2005 236.5 5.8 3.5 2918 107.7 40 75.7 186.8 374.3 823 23
2006 51.8 36 554 110.9 40 B33 188.3 386.5 331 92
2007 5.8 a6 554 1143 4.0 9.7 189.7 3956 3442 96
2008 2991 58.0 3.5 3509 17.7 1.5 100.8 58.5 191.2 470.7 108.7 3.0
2009 58.0 39 61.9 121.2 1.5 1108 172.8 406.4 3446 96
2010 58.0 39 61.9 1248 15 122.0 175.1 4235 3516 100
2011 58.0 39 619 128.6 15 134.2 176.5 4408 378.9 105
2012 58.0 3.9 61.9 132.4 1.5 147.6 178.0 459.5 357.6 11.0
2013 58.0 39 61.9 1364 1.4 162.4 BE.S 179.4 566.5 504.7 14.0
2014 58 0 as 61.9 140.5 14 178.6 203.9 524 4 462.5 12.8
2015 58.0 aso 61.9 144.7 1.4 196.5 205.9 548.5 4B6.6 13.5
2016 58.0 39 €1.9 1481 1.4 2161 207.6 574.3 5124 14.2
2017 S8.0 a9 61.9 153.5 1.4 237.7 209.4 6021 540.2 15.0
2018 ¥ 580 as 61.9 158.1 21 261.5 117.5 2111 750.3 6BE.5 181
201¢ 58.0 39 61.9 162.9 21 287.7 2424 6851 633.2 17.6
2020 58.0 3.9 61.9 167.8 21 316.4 2453 731.86 6697 18.6
2021 58.0 3.9 61.9 1728 21 3481 247.5 7705 708.6 18.7
2022 58.0 a9 61.9 178.0 2.1 382.9 2497 B12.7 750.8 209
SUM 38059 14882 105.3 54931 118.0 B4.0 38461 388.7 4264.7 122015 6702.4 186.2
Notes: - ;
1) INVESTMENT COST: T 1998 2002 2003 2005 2008 |
Ik x 1M : 2680.3 473.0 0.0 216.0 236.5 299.1
2) SEM COST (Tk. x 1M): 323 97 0.0 4.6 4.8 56
3) OTHER COST:
As % investments 0.1%
4) BENEFITS (Tk. x 1M).
Protection Chandpur 1own 71.2
Annual increase 3%
Savings repair/maintenance:
Chandpur 15.2
Eklashpur 26
Haimchar 21
Annual increase repair/mainienance 10%
5) Conversion USS 1 = Tk 36
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10.10.5.2 Ecbnomic Internal Rate of Return

The Economic Internal rate of Return (EIRR) is evaluated by comparing the discounted value of benefit
and cost. The EIRR is the interest rate at which the discounted values of benefits and costs over the 30-
year evaluation period are in balance.

The bank protection scheme for the whole Lower Meghna give an EIRR of about 7%%. This means that
the benefits are sufficient to offset the cost. As has already been mentioned in section 10.10 4.1 the EIRR
will reduce to about 6% when an additional investment of Tk. 270 million will be required in the year 2002
to provide an additional hard point between Eklashpur and Haimchar.

10.10.5.3 Net Present Value

The economic net present value of the bank protection scheme for the |~~~ Meaghna, ev-'uated at a
discout rate of 12%, is negative (Tk. -658 million). The NPVR =~ __ iequired by the FPCO-guideline=
can be calculated at -0.17.

10.10.6 Sensitivity analysis

The preliminary assessment of the bank protection scheme is based on uncertain future events and
imperfect data. Therefore, a sensitivity analysis is presented. This implies an analysis of the economic
internal rate of return as function of changes in investment cost. monitoring and maintenance

expenditure and estimated value of benefits. Details are provided in Table 10.10.5 and Figures 10.10.2
to 10.10.4.

TABLE 10.10.5 SENSITIVITY ANALYSIS LOWER MEGHNA

VALUES: Economic Internal Rate of Return (EIRR)
UNIT: percent
Change CHANGE IN BENEFITS:
investm. -10% . 0% 10% 20% 30% 40% 50%;
-30% 8.62% 8.57% 10.47% 11.32% 12.13% 12.92% 13.67%
-20% 7.55% 8.46% 9.30% 10.11% 10.87% 11.61% 12.32%

-10% 6.65% 7.51% 8.32% 8.09% &R 10.52% 1 1.19%
0% 5.86%) B6.69%, 7.47% 8.1 8.91% 9.58% 10.22%
10%, 5.17% 5.97% 6.73% 7.44% 8.12% 8.76% 8.38%
20% 4.55% 5.339% 6.07% 6.76% 7.42% 8.04% B.64%

_ 30% 3.89% 4.76% 548% , 6.15% 6.79% 7.40% 7.98%

Change CHANGE IN BENEFITS:

M&M -10% 0% 10% 20% 30% 40% S50%j|
-30% 6.16% 6.89% 7.76% 8.50% 9:19% 9.86% 10.50%
-20% 6.06% 6.89% 7.67% 8.40% 8.10% 8.76% 10.40%
-10% 5.96% 6.78% 7.57% 8.31% 9.00% 9.67% 10.31%

0% 5.86%) 6.69%) 7.47% 8.21% 8.919% 9.58% 10.22%
10% 5.76% 6.59% 7.38% 8.12% 8.82% 8.49% 10.13%
20% 5.66% 6.49% 7.28% 8.02% 8.72% 940% 10.04%
30% 5.55% 6.40% 7.18% 7.93% 8.63% 8.30% 9.95%
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conomic Infernal Bate of Beturn

P
=

Economic Internal Rate of Return

FIGURES 10.10.2 AND 10.10.3 RESULTS OF SENSITIVITY ANALYSIS FOR THE LOWER
MEGHNA
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FIGURE 10.10.4 RESULTS OF SENSITIVITY ANALYSIS FOR THE LOWER MEGHNA
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10.10.7 Displacement of population

Economic Infernal Rale of Return

Based on the result of the socio-economic survey and tt migration of the bankline in the town area 8f—
Chandpur, it has been possible to estimate the number of persons affected by erosion. The area covered
by the survey was estimated from the street map as 293,000 m? and 2,620 residents in this area were
identified. Hence, the population density is 8,940 persons per km?,

Based on the Statistical Yearbook of Bangladesh for 1991 (table 2.08, page 45). the annual population
increase was 2.17% over the last 10 years. Using this factor and the area lost shows that about 17,000
people in Chandpur Town will be affected by erosion in the coming 30 years. '

For the rural areas along the Lower Meghna no surveys were executed. Hence, there are no data for
the number of persons displaced as a result of likely bank migration. Moreover, the 1991 Statistical
Yearbook for Bangladesh is inconclusive with respect to population densities in the aforementioned rural
areas. The overall population density for the country was 750 persons per km® in 1991 (Statistical
Yearbook 1991). Present day rural population counts for about 70% and is expected to reduce to about
S0% over the project period (‘Developing the Infrastructure, Volume Three of the Report of the Task
Forces on Bangladesh Development Strategies for the 1990's' 1991). The averaged rural population
density is therefore estimated at 400 people per square kilometer. The total rural area likely to be lost
along the Lower Meghna in the coming 30 years is estimatec at 3,570 ha. It is therefore estimated that
about 14,000 people will be affected in the rural areas outside Chandpur Town.

10.10.8 Conclusions —

—

The conclusions from this preliminary economic assessment read:

(i) Although protection of the whole Lower Meghna gives‘ an EIRR below the opportunity cost of
capital, the assessed rate might be considered as acceptable for this type of infrastructural
works.,

(1) A more detailed study is justified and required to provide more substantiated conclusions.
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ABBREVIATIONS AND GLOSSARY OF TERMS

ADB

BCSIR
BBS
B/C
BCL
BETS
BH
BIWTA
BIWTC
BOD
BR

BS
BUET
BWDB

°%G

CC blocks
CIF

CPT

Crore

DH
Dollar (US)

EIA
EIRR

FAO
FAP
F/C
Fig(s)
FML
FPCO

g
GL

ha
hr

IBRD
ICB
IDA
IRR
IWTA

JICA

Asian Development Bank

Bangladesh Council for Scientific and Industrial Research
Bangladesh Bureau of Statistics

benefit cost ratio

Bangladesh Consultants Limited

Bangladesh Engineering and Technological Services Ltd
Bore hole

Bangladesh Inland Water Transport Authority

Bangle fesh Ir'~ * vater Transport Corporation
Bioioyival Oxygen Demand

Bangladesh Railway

British Standards

Bangladesh University of Engineering and Technology
Bangladesh Water Development Board

degree Celsius

concrete blocks

Cost, insurance and freight
Cone Penetration Test
10,000,000

Delft Hydraulics (Netheriands)
taken at an exchange rate of Tk.36 for the Study

environmental impact assessment
economic internal rater of return

Food and Agricultural Organization (United Nations)
Flood Action Plan

foreign currency

figures(s)

fortnightiv ™= ,.ater level

Flood Plan Coordination Organization

acceleration due to gravity
ground level

hectare(s)
hour(s)

International Bank for Reconstruction and Development
international competitive bidding

International Development Association

internal rate of return

Inland Water Transport

Japan International Cooperation Agency
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m/s
m}_‘

m:i
m*/s
MG
mm
MMSS
MN
MPO

MSL

N .
NEDEC
NMC

N-value

ODA
OECF
pmc

p.a
PDB
PDF

PWD

RC
RHD
RPT
RRI
RTW

s.sec
SHWI(L)
SLWI(L)
SOB
SPT
SWMC
sg.km

kilogramme(s)
kilometre(s)
square kilometre(s)
kilometre per hour
kilonewton

100,000

local currency

local competitive bidding
Low water level

metre(s)

Manual and automatic tidal gauge
multi-criteria analysis

metre(s) per second

sguare metre(s)

cubic metre(s)

cubic metre(s) per second (cumecs,
Metre Gauge

millimetre(s)

Mica schist silty sand
meganewton

Master Plan Organization

mean sea level

Newton

Netherlands Engineering Consultants
natural moisture content

standard penetration test value

Overseas Development Agency
Overseas Economic Cooperation Fund
optimum moisture content

per annum

Power Development Board
Probability density function

Public Works Department (datum)

reinforced concrete

Roads and Highways Department
Rendel, Palmer & Tritton Limited
River Research Institute

river training works

second

standard high water (level
standard low water (level)
Survey of Bangladesh

standard penetration test
Surface Water Modelling Centre
square kilometre(s)
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t(tons)
Tk
TOR

USs(ors)
USCS

WB

metric tons —
taka
Terms of Reference

US dollar(s)
Unified soil classification system

Worid Bank
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Geotechnical Investiga! s

N. Broug Geotechnical Expen
M.A Mullah Soil Mechanics Engincer
S.M. Muhibullah Soil Mechanics Engineer
Surveys

Ali Ahmed Surveyor
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APPENDIX 1 CLIENT AND CONSULTANT STAFF

* Names of:

(A) Client Staff
(B) Consultants' Staff and Experts

A BANGLADESH WATER DEVELOPMENT BOARD

- Management
M. A Razzaque Member Planning
Liaquat Hossain Chief Engineer, Planning
S.AM Rafiquzzaman Director Planning, (General)
Md Lutfur Rhaman Superintending Engineer

Monitoring-I
B. N TANTS HASKONIN 1ft lics/B

- Management
H.J. Opdam Project Director
F. Carvajal M. Team Leader
SME ™ ) Deputy Team Leader

- River Engineering
G. te. Slaa River bank protection Expert
F. Carvajal M. Design Engineer
J.H. Laboyrie River Engineer
M. Ahmed Design Engineer
A.H.S Alam Design Engineer
H.J.M. Ogink Hydrologist
M. van der Wal Hydraulic Lab Expert
J.-H.J. Wijbenga Math Modelling Expert
G.J. Kiaassen Geomorphologist
Q. Saifuddin Hydrologist/Morphologist

Contract documentation and evaluation

R. Kuijpers Contract Specialist

M. Logman _ Contract Specialist
Economics

H.J. Raad - Agro/Socio-economist
A. Hagque Economist

Environmental Impact Assessment

M. Dijkstra Environmental Expert
M.Q. Mirza Environmental Expert
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