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SUPPORTING REPORT G: FLOOD MITIGATION

1.1

Existing Conditions and Evaluation
General

Several flood control and the tormwater drainage plans for Greater Dhaka have been
prepared by the GOB with the cooperation and assistance of various international

- agencies. However most of the major existing flood control facilities have been

constructed after the 1988 flood (ref. Table G.1).

In order to protect the Greater Dhaka Arca from flooding, the Grcatcr Dhaka Flood
Control Committee, with the Planning Minister as its chairman was estabhshcd
immediately after the 1988 flood.

The Committee, with the assistance of a Dutch expert, Mr. T.G.H, Jansen, considered
various possibilities based on former studies. The Committee's proposal was submitted

‘to the President and approved in March 1989.

Flood mitigation projects in the surrounding towns were also proposed and in addition
facility plans for Savar, Tongi and Narayanganj were proposed by the Institute of

. Diploma Engineers.

The Comnittee's plan, with phasing of activities, is surnmarized as follows :
- Phase 1

1) - Embankment from the Tongi Railway Bridge to Shirnir Tek via Satmasjid Road
along the Turag River, with five (5) sluice gates ;

2) Road raising and flood ‘wall along the Buriganga River from the Friendship
bridge to Kellar More and flood wall surrounding the DND project ;

3)  Embankment surroundin g Dhaka International Airport ;

4)  Clearing of khals in the city ;

'5)  Repair and restoration of the sewerage system ; and
6)  Temporary flood control structures.
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1.2

1.2.1

- Phase I

7)  Road/embankment from Demra to the Tongi Railway Bridge along the Balu

River;
8) Installation of five (5) pumping stations ; and
9)  Re-excavation and restoration of twelve (12) khals,

Most parts of the proposed works for the phase - I have already been commenced as
urgent measures under the supervision of various:ag'éncics ie. BWDB, DDC, RHD,
RAJUK, DWASA and CAAB. Some parts of the works have already been completed,
but others are still on going.

On completion of the works for the phase - I, the major part of Dhaka City will be
enclosed by embankment, flood walls and raised roads and would become flood free.

The flood protection plans proposed for the phase I still have no implementation
program, except two pump stations in Dhaka City. One of them was committed as a
JICA grant project by the Government of Japan and is on.going, and the other by the
World Bank. | |

The DND project was developed by BWDB as an irrigation project, protected from
floods by polders and drained by pumps. The area however will be developed as an -
urban area by RAJUK and a development plan is being prepared. The area will be safe
to the river stage of the 1988 flood, after completion of the flood walls proposed in the
phase - L. s

“Though a number of flood prevention facilities have been constructed both in the

Greater Dhaka and in the DND project,-no major flood prevention facilities exist in.
Tongi, Savar, Narayanganj and Keraniganj town areas.

Design Standards
Existing Conditions

After the 1988 Flood, a number of flood control facilities have been const_ructe,d based
on the Committee's Proposal, both in the Greater Dhaka and in Narayangaﬁj areas.



The structural types and the locations of the flood control facilities are

1

2)

3)

4)

Embankment - Greater Dhaka Northern and Western Bank

-Fiood Protection Wall {(R.C.C Wall) - Greater Dhaka Western Bank and

N_ai’ayanganj DND project area.

Read - cum - embankment /Raising of road height - Tongi to Jatrabari along
fringe of developed area of Greater Dhaka. -

Regulators - Greater Dhaka Northern/Western Bank

The details are summarized in Table G.2.(1) and shown in Fig. G.3, G.5. The design
Cri_téﬁa, construction specifications and standard sections of the flood control facilities
were presented by BWDB and BUET for the flood control facilities (see Fig. G.4).

The main points of design criteria are summarized as follows :

1)

2)

Embankment

(1) Scale of Flood
(2) Design Flood Level
(3) Top of Embankment

'(4) Freeboard

(5) SetBack

(6) Embankment Cross Sec.tion_

(7) Water Pondin g Elevation
(8) Compaction of Earth
(9) Embankment Material

Flood Wall

(1) Design Flood Level
(2) ~Top of Fiood Wall

(3) Free board

(4) Flood Wall Cross Section and

Construction Specifications

G-3

100 - years flood frequency

8.8M 4+ PWD

10.0M + PWD
1.2m
30™ from bank sholder of river

:  See Fig. 54

5.0M + PWD
90% dry density
No peat soil or other poor soil

1988 flood mark

2.0 ft. above the 1988 flood mark

2.0 ft.

See Fig. G4



1.2.2

3)  Road - cum - embankment

The designed top surface of foads is up to the flood stages of the 1988 flood.
No freeboard was designed for the road - cum - embankment.

4)  Regulators

The following design criteria have been adopted for the design of existing
regulators located atong Greater Dhaka Western Bank.

(1) Rainfall

One day rainfall with S-year frequency.
(2) Dischargé Volume

80% of the rainfall is to be the drainage flow through the rcgul=ati):rs within 24

hours under maximum water head of one meter.
Evaluation of Design Criteria

1) Embankment

(1) Scale of Design Flood

Adoption of 100 years flood frequency, in view of the extent of damage,
predominant loss of human lives of Greater-Dhak_a.

The 1988 flood has been estimated to be atiout a 70 - year frequency flood.
(2) Design Flood Level

The design high water level (D.H.W.L) 8.80 m PWD is higher than that of
the recorded water level of 8.35 m at Mirpur Gauging Station in the 1988
flood and is evaluated as being higher than a 100 - year frequency.

(3) Freeboard

The freeboard will be evaluated based on the wave run up calculation

condition.
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)

)

©

Design Cross Section
The standard cross section is safe in case of good subsoil condition.

However, in case of poor subsoil condition, the embankment section shall
be modified based on stability analysis. |

Water Ponding Elevation

This elevation is closely related to area of development as well as
embankment stability and necessary pump capacity. For this reason the
background of the elevation shall be clarified.

Construction Specification

The specifications of embankment material and compacﬁon density are

appropriate.

However, specifications of bankiﬁg speed shall be added for the case of
poor subsoil condition in order to avoid settlement due fo failure of banking.

2)  Flood Wall

(B

@

©))

The Scale of design flow and the high water level have been determined

- referring to the 1988 flood. The top of the flood wall was set at 2.0 ft.

above the 19388 flood mark.

This design scale and high water levels would not meet the design criteria
for this master plan study.

Freeboard

A freeboard of 0.6m is adopted for the flood wall. This value is sufficient if
the flood wall is to be constructed at good subsoil base. '

Design Cross Section

The flood wall is not a self standing structure as can be seen in Fig G.4. If
erosion or disturbance around the structure occurs, the stability of the flood

wall can easily be éfidangered.
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1.3

3).

4)

For the stability and maintenance of the flood wall, the set back distance shall be
more than 2.0 ft. of the present design criteria. The set back distance shall be
determined based on the site conditions which may be categorised as river, road

and housing sites.

Some damage of the flood wall has been observed during site visits, brczikages
being mainly due to traffic vehicles or human negligence. The strength of the
Flood Wall along trunk roads is not sufficient against collision of trucks,

For this reason, the existing flood wall is evaluated as a temporary structure and
will not be used as a Master Plan facility. - '

Road - Cum - Embankment

The road - cum - embankment with raising of road elevation was constracted asa
temporary measure for flood protection. For this reason permanent measures shall
be designed, based on the long term Master Plan Study.

Repulators

The Hydraulic Design Criteria for the design of regulators will be determined
taking future land development process and its rate of progress into account.

Flood Control Facilities

The existing embankment and flood wall are evaluated in terms of crown elevation and
stability. '

The design high water levels (H.W.L) determined in Section 2.4 in comparison with |
the design crown levels are shown below: | '

tion HWL 1100 '88 flood
Tongi (sta. No. 299) : 8.6m g30m  7.96m.
Mirpur (sta. No. 302) : 8.6 8.53m g.39m
Mill Barack (Sta. No. 42) : . 7.8m . 772m 7.54m
Hariharpara {(Sta. No. 43) ; - 7om 7.10m 7.17m
Rakabi Bazar (Sta. No. 71A)  : S e7M - 665M . 6.43M
Demra (Sta, No. 7.5) : 7.4m 7.32m 7.10m
Kalagachia (Sta. No. 71) = 6.4m 6.40m 5.97m

Savar (Sta. No. 69) : - 9gm 9.36™ 9.681

G-6.



1.3.1

T he design crown levels are calculated by adding a freeboard of 1.2M for embankment
and 0.6 for flood wall.

The stability of cmbankment and flood wall are evaluated from the site observation

results and the stability analysis.

Greater Dhaka Area

1)

2)

Embankment Top Level

About 29.2 km of the embankment between Tongi Rallway Bridge and Kellar
More have been constructed. Most of it has been completed on the basis of the
standard cross section (see Fig G.4). When this study was started, the crows
elevauon of most parts of this embankment was higher than the 10.0 m specified
in the BWDB demgn as verified- by spot elevation survey. Subsequently,
followmg a Ievcllmg survey (ref. Flg G.7), it is clear that most parts of the
crown is below the demgn helght This conclusion may be partly reached because
of _th_e_ shnnkagc of the_embankm_ent itself. But there will also have been,
significant drbb in crown level height because of foundation settlement in some
parts. The crown elevation of most of the embankmeni is now considered to have
insufficient elevation compared to the proposed design crown leve1 (9.8 m) at
M1rpur '

The standard cross section is sufficiently safe against settlement and slope failure
in places of ordinary sub-soil condmons Howevcr settlement and slope failure
are observed in some poruons The main reason is poor so0il foundation. The top
elevation of the settlement portion, at about 7.0 m to 8.5 m, is some 1.5 m to 3.0
m lower than the design top level. This elevation of 7.0 m corresponds to a 6 year
flood frequency. Spot elevations of the embankment surfaces are also shown on
Fig. G.7.

Embankment Stability

Many sections of the existing embankment between Tongi to Kellar More through
Mirpur have been Settled or failed mainly due io poor seil foundation and

 inadequate compaction.

(1) - Soil Foundation Characteristics

Based on the exlstmg bonng data and soil survey result, the following soil
charactcrlsncs and some indices are recognized:
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(2)

Poor soil (N<4) is found in most paris of the foundatmn layer along
the existing embankment.

The soil is classified as soft silt with clay, with the dry density being
about 1.5 Y/m3

Unconfined compression strength is about 2.0 t/m?
The relation between the N value of the standard penetration test and

Cohesion (C) is roughly estimated as C = 0.6 x N.

Soil property observed by soil test conducted'by the Study Team are as
follows :

Wet Density () : 1.7 - 1.9 ym? _
Chohesion (C) : 2 - 4 ymZ ( 1-2 Ym2 for poor soil).
Natural Void Ratio (e0) : 0.9- 2.0

| Coefficient of Compression Index (Cc) : 0.15 - 0.20_.7
Coefficient of Consolidation (Cv) : 2.0 - 10.0 x 10-4 m%/s

Evaluation of Stability

The stability of an embankment is mainly evaluated by_ stabil'gity analysis,the
bearing aspect of its soil foundation and observation of slope failure of the

embankment body.
Bassd on stability analysys,the following facts are recognized :

a}

b)

Standard section of existing embankment specified by BWDB is .
recognized as a stable section in a condition of ordinary sub-soil

- foundation. ‘

Excavation at foot of embankment is hkely decrease safety factor of
embankment stability.

The failure Settlement of the existing embankment is caused by both

weak bearing capacity and poor shearing strength.

The detail informations are described below :

Settlerent and Critical Embankment Helght .

The critical embankment height is estimated about 5. 8 M in case of N-
value 5. This analysis is ronghly justified by the fact that sudden
settlement has occured when the banking height reaches to about 61,
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On this basis,an embankment more than 6™ in height needs some
foundation treatment.

- Slope Failure
The slope failure of embankment is observed only in few instances in
the whole length.

"This failure is recognized as shallow slope failure, which is mainty due -
to weak shear strength of the embankment body, and supposed to be
caused by inadequate compacﬂen
Furthermore, erosion by wind mave at the lower part of the
embankment slope is considered one of the causes of failure.

- Other failure

Cracking was observed in the viciﬁity the failed partions. This could
create weakness of shearing strength in the embankment and lead to slop
failure.

Along the areas beside the existing embankment borrow pits were
observed. Some borrow pits were located too close to the toe of the
embankment. This would cause toe failure or base failure if the slip
surface is affected by the borrow pit.

{3) . Rehabilitation Works

- For 'th:e_ settlement problem, the following basic concept of the
foundation treatment are generally considered:
1. Replacement of the poor foundation soil.
2. Strengthening of foundation layer.

From the cost aspect and with due consideration of the poor foundation
soil which extent to more than 15T depth, the later approach is

conceived.

The strengthening of the foundation layer is to be carried out by means
of consolidation by sand drains, wick drains, paper drains, geotech
drains and other appropriate technologies.

-~ For the slope failure, re—banking with the following construction

specxficauons are required;
1. Adequate compaction by machmery is to be carried out
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3)

4)

2. Design moisture conient is to be kept
3. Strengthening of the toe portion by geotextile or other materials.

Flood Wall Top Level

The construction of the Flood Wall was planned around Sirnir Tek and
between Kellar More to Syedabad via Buriganga Bridge. Most of the flood
wall has been built based on the proposals prepared by the Commlttee
however the reach between Kellarmore to Mitford Hospital (1.6 km) was
not constructed due to lack of space and land acquisition problem (see Fig.
G.3).

The Top elevation of most of the flood wall near Sirnir Tek is measured
about 8.9m t0 9.3m the lowest portion is below 0.3m lower than the design
top level at Mirpur gauging station. For the reach between Mitford Hospital
to Syedabad, the top elevation is measured between 8.1m to 8.6m. The
lowest portion is 0,3m lower than the design top level at Millbarack gauging
station, while the water level in 1988 flood was at 7.5m in P.W.D.

The stability of the flood wall near Sirnir Tek and the reach from Mitford
hospltal to Buriganga Bridge is evaluated to be satisfactory at present.
However it is recommended that the flood wall should be heightened and its
base should be protected in order to ensure the stability of the flood wall.
The spot elevation of the top of the flood wall is shown in Fig. G.7 (1) .

Road - Cuam - Embankment

The roads between Tong bridge to Sydabad are raised up to the flood stage
of the 1983 flood. |

The typical section paved by asphalt has a 10m width and the banking
height as measured from ground level is around 1.0 to 2.0,

This section is evaluated to have sufficient strength for flood protection.

The top level of the road ranges from 7.3m to _8.311}, while the 1988 flood
H.W.L at Tongi and Demra are 7.96m and 7.10m respectively. The top
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level corresponds to about a 50 - year flood frequency. The spot elevation
of the top of road - cum --embankment is shown on Fig. G.7.

5) Regulators

Five regulators have been constructed along Gfeater Dhaka Western Bank,
however one of them is not functioning due to lack of connection of
drainage channels. One regulator at Kallayanpur is still under construction,
The flow area of these regulators ranges 2 m? to 14 m? and depend on the
size of drainage basin and its discharges.

“However these flow areas seem to be not sufficient for quick drainage of
ponding water.

The flow areas of the regulators should be reviewed and determined if
required.

1.3.2 Narayanganj Area

1y

Flood Wall Top Level

The DND project area is protecied from floods by flood wall and railway -cum-
embankment. This flood wall was constructed along trunk roads which surround
most. of the DND project Area (see Fig. G.5). '

The top elevation of the flood wall from Bﬁi’iganga Bridge to Fattulla ranges from
8.0m to.7.6m with it's road elevation: being about 7.0m, while the tentative .
design top levels at Millbarack and Hariharpara gauging station are 8.4m and

- 7.8m respectively. For this section, the height is not sufficient.

In the reach from Syedabad to Dernra, the top élevation of the flood wall ranges
from 7.8m ~ 8.0m with the road elevation being about 7.2m, while the design

 top level at Demra (sta no. 7.5) is 8.0m.

In the reach from Demra to Hajiganj along the Lakaya river, the top of the flood
. wall ranges from 8.1m to 7.5m with the road elevation being about 7.0m, while

the design top levels at Demra and Hajiganj are 8.0m and 7.7m respectively. The
top levels of the flood wall are not sufficient to meet the design criteria.
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2)

3)

Furthermore the wall stren gth is not sufficient to withstand impact of trucks or
other heavy vehicles. The existing flood wall along the trunk road is evaluated to
be insufficient for long duration facilities. The spot elevations of the wall top are

shown in Fig. G.7.

Flood Wall Stability
The stability of the concrete ﬂood wall is evaluatéd tfs follows.
(1) Strength of . Concrete Wall.
| Most flood wall was constrﬁcted along fhc heavily traffic roads

The existing concrete wall is 13¢M o 206 thick with single reinforcement.
In some portion, shrinkage cracks and settlement cracks have been observed
and breakage due to collusion of heavy vhicles were observed at some

factorygateways.

Considering the above, the cdncrete wall strength is insufficient adjacent to
roads used by heavy vhicles. Accordingly the flood wall is evaluated as a

short term flood mitigation measure.
(2) Stability of Flood Wall

Along the flood walls, some drainage channels are observed, and the
foundation parts of the flood wall have been disterved by these structures.
This could lead to failure of the flood wall durin g' periods of high water,

even where the present condition seems stable.
Railway - Cum - Embankment
Railway - cum - embankment was const:mcfed along the southern pén of the DND
Project area. The top elevation of the railway between Chasara to Hajiganj ranges
from 6.8m to 7.3m, while the design crown level at Hajiganj is planned at 8.3,

The top level is to be raised by about I.Sm.in,height.

The summary of evaluation. of existing and on-going facilities is shown in
Tabie G.3.
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1.4 Flood Warning System

1.4.1 Existing Condition

)

2)

3)

Present Project

Flood forecasting and warning were started in 1972. However the activities were
not carried out continuously due to inadequate project financing base.

The present project has'been carried out with UNDP assistanice. This project was
planned to be executed during the third five year plan period (1985 ~ 1990), but
has been delayed.

The project consists of the following sub-projects :

(1) Surface Water Survey and Investigatidn

(2) Ground Water Survey and Investigation
(3) Flood forecasting and Warning

(4) Investigation of new project,
Existing Organisation

The Flood forecasting and warning project is under the responsibility of the
Director, Surface Water Hydrology - 2 (see Fig.G.8). '

This project includes :

(1) Data Processing Division
(2) Flood Forecasting & Warning Cenire
(3) - Construction & Instrumentation Division.

Flood Information Monitoring Network and Installation

Within Bangladeéh, real time water level data from 35 stations and rainfall data’
from 34 stations are being monitored in the Flood Forecasting and Warning
Centre. Real time and forecast water levels from 5 stations in India are also
monitored through the BMI network of teleprinter circuit. Satellite imagery of
cloud formation are monitored in the Flood Forecasting and Warning Centre at
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4)

WAPDA Building by SPARRSO for flood information and formulation of -
forecast. Besides rainfall data, synoptic situations from Bangladesh
Meteorological Department are also monitored in the Flood Forecasting &

Warning Centre.

The flood information monitoring installations are shown in Table G.4.

Flood Information

The Flood Forecasting and Warning centre issues the following information in the
form of a daily base bulletin, '

The issuing period is limited to the flood season between May to October.
(1) Water levels of each monitoring station

- Recorded Highest Water level |

- Danger Level |

- Daily Highest water levels of 3 consecutive days
- Daily Highest Water level of previous year

(2) Rainfall amount of each monitoring station

- Monthly Maximum Rainfall

- Monthly Normal Rainfall

- Daily (for last 24 hrs) Rainfall of 3 consecutive days

- Cumulative Rainfall amount of the year and the previouns year

Based on the above information, models are run for forecasting. Presently
quantitative forecasts are limited to Ganges, Brahmaputra, Buriganga and Lakhya
and Old Brahmaputra with lead time varying from 24 hours to 96 hours.

The issue of Flood Information and Flood Forecasting & Waming is to be made -

by the Flood Forecasting and Warning Centre through the chief engineer of
hydrology.
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1.5

1.5.1

5)

"Einergency Standing Order for Floods"

In order to meet the flood emei'gency, the Government of Bangladesh issued an

‘Emergency Standing Order for Flood deﬁning the duties and responsibilities of

different Ministries priorto flood, during the flood and after the flood.

In pursuance of the said order, the BWDB maintains a flood information centre
during the flood time, issues the flood warning, and delegates officials to the
Ministry of Relief and Rehabilitation or to the President's Flood Monitoring
Centre.

Existing Flood Mitigat_ion Plans

Before the 1988 flood, scveral studies had been carried out-for flood prevennon

purpose, Most of the studles, however, have not been executed.

The most rcCcnt approved plan for flood control facilities is the so called 'GDFCD

project plan' proposed by the Committee.

Most of the facilities proposed for the Phase - I have already been constructed.

Greater Dhaka Area

1)

Existing Plan :

Regarding embankment from Tongi to Denra for protection of the Eastern part of

Greater Dhaka, proposed by the Committee for Phase II, BWDB has commenced

the followmg |

Soil investigations along the proposed alignment of embankment : more than 40
bore holes have been drilled along the Balu river between Tongi and Demra.

- Survey/Design and its supporting data

- Cross-Sections of Embankment

- Longitudinal profile of Embankment (Tongi to Demra)
- Typical design sections of Embankment

Land acquisition notices have been issued to some inhabitants,
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The Flood Wall from Mitford HoSpital to Kellar More for .the Phase - I has not
been implemented yet, due to lack of construction space and some technical

problems.

DMUC, the executing agency, has invcstigatcéd the site and proposed alternative
plans to the Committee for its approval. However, the above activities are

presently suspended by the authorities concerned.

1.5.2 Narayanganj Town

1y

Existing plan

The town of Narayanganj is affected by flood water.from the Buriganga and the
Phaleswari Rivers in the west, by the Dhaleswari River in the south, b):r the
Lakhya River in the center. The town is divided into two parts by the:Lakhya
River with one side being the West Bank and the other the East Bank. These two

“areas contain industrial concentrations. In order to protect the town area from

floods, the following plan was proposed by IDE (see Fig G.5).
(1) West Bank Protection

This involves the construction of 5km of earthen embankment, and 5to 6
km of reinforced concrete retaining wall, raising the existing road and the

© provision of 4 regulators.

(2) East Bank Protection
The existing abandoned railway track will be raised and treated as an
embankment for a distance of some 8.70 km with the construction of flood
- embankment along both sides of the Lakhya River, totalling some 13.7 km,
with the provision of 4 regulators.

The principal idea of this planis:
i)  To protect the area from floods of 1988 scale.

ii)  To obtain maximum benefit by minimum investment, only small scale
flood protection facilities are to be introduced.



5.3 Tongi Town

1)

Existing Plan

The flood control plan proposed by IDE is as follows (see Fig. G.6) :

Raising of the road from the Gazipur Bus Station, west through Shatash
and south through Kokil Mouja up to Kathalia Tek, for a distance of .
3.50 km,

Construction of a road/embankment (including land acquisition) from
Kathalia Tek to the Tongi Bridge, 2.5 km.

Construction of a flood protection wall from the road bridge to the railway
bridge, 1.4 km.

Construction of an embankment/road (mcludmg land acquisition) from
Tong1 Railway Bridge to Pubail Railway ]me, 6 km.

Construction of flood protection wall, from Pubail Railway crossing to the
railway line east of Earshadnagar, 3.5 km.

Construction of an embankment /road (including land acquisition) from
Tongi-Mymensingh railway line toward north to Tongi -Joydebpur road,
2.0 km.

Construction of flood protection wall from Ershadnagar to Gazipr Road,
0.3 km.

Provision of 2 pump stations and 10 regulators.

1.5.4 Savar Town

b

Existing Plan

During the 1988 flood, Savar was not so much affected as others due to its
relative high ground level compared to flood stages. The proposcd work by IDE
is summarized as follows (see Fig. G.6) :



2.1

2.1.1

)

@

&)

@

G

(©)

Construction of an embankment from the bridge opposite Kohinoor
Spinning through Nabinagar up to the north boundary wall of the Atomic
Energy Commission. Total distance is approximately 10 km.

Construction of an embankment/road from Nayarhat Bridge along the east
bank of the Bangshi River up to the bridge over the Bannyabari Khal on the

Dhaka - Aricha road, approx, 16 km.

Raising of the road from the north wall of the Atomic Energy Commission
up to Sadullapur including construction of 700 feet of flood protection wail,

approx. 3.5 km,
Raising of the road from Sadullapur up to Barta, approx. 1 km.

Construction of a road/embankment from Barta village to the bridge over the.
Bannyabari Khal, approx. 2 km.

Provision of 2 pump houses and 16 regulators.

Flood Mitigation Plan

Flood Mitigation Policy

Natural Condition

The study area is located on the alluvial .plajn of the three major international rivers i.c.
the Ganges, the Brahmaputra and the Meghna river.

The land form is as low as 2 m to 13 m above mean sea level and the land from 6 m
and above seems to be marginally free from annual flood.

The water levels in all the rivers gradually rise from May and reach their peaks in
August and September and fall from October onwards.

The average annual rainfall in Dhaka is about 2,000 mm, 90% of which occurs during
the monsoon season from May to October, :



2.1.2

Most of major floods are cansed when heavy i'ainfail is late in the area and coincides

with high river stages of the Ganges and Brahmaputra rivers.

'I'l_ie study area is recognized as a flood plain area of the three international rivers and is
habitually damaged by floods.

- The detailed river system and characteristics of hydraulic conditions are referred to

Supporting Report D.

Flood Condition

0

2)

External Fioods

The 1988 floods, estimated as a flood of about 70-year return period, was the
worst in living memory. The flooding was caused by an unprecedented flood
flow of the Brahmaputra in concurrent to very high flows of Ganges and Meghna
rivers, o :

The entire flood plain of the Ganges, Brahmaputra and the Meghna river system
of the country including the study area was engulfed by flood water. '

Out of 850 km?2 of the study area, an area of about 620 km2 and 2.2 million
population of the study area have been seriously affected by this floods (ref.

Supporting Report E, Fig.E.4).

Since the disaster, lhe GOB hé\s imtensified the construction of ﬂood mitigation
facilities in Greater Dhaka area (ref. Fig.G.3, 5).

Internal Floods

The study area is divided into higher lands and low'-’lying areas in terms of the

~ flood inundation condition.

Most of the exisﬁng high land are developed as residential areas. While the low-

. lying area is mainly used for agriculture.
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The location and the extension of the higher land (area) is roughly presented in
Fig.G.10 by means of a flood inundation map of the 1987.flood (10-year

frequency).

The inundation conditions are also presented By means of the typical cross-
sections of Greater Dhaka (see Fig.G.11).

The characteristics of the internal drainage system is described below:

(1) Incaseofalow external water stage, the stormwater run- -off . of the highcr
land is discharged by a network of small khals whlch enter the main (trunk)

khals of the low-lying area.

(2) Incaseofa hig'h external Watér stage, the stormwater run-off of the higher
land is directly discharged to the low-lying area which is already inundated
by external floods.

2.1.3 Social Condition

Urban land development around Dhaka has accelerated to meet the increasing

population pressure despite its flood risk.

Present and future (2010) population in the study area are estimated at 6.5 million and

13.4 million respectively.

During the 1988 flood Dhaka suffered tremendous casualties. More than 80% of its
area were inundated and about 11,500 million TK of assets and 149 lives were lost by
this flood. |

In the wake of this flood, the Government planned the construction of an embankment,
road-cum-embankment and flood walls around the western part of Greater Dhaka and
‘the DND Project Area. Most of the planned facilities have been constructed but some
portions of the west bank were not completed due to settlement of the embankment.

The planned flood wall from Kellar More to Mitford Hospital was not constructed due
to land acquisition problems.
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2.1.4  Flood Mitigation Policy

2.2

2.2.1

By considering these natural and social conditions of the study arca, the following
flood mitigation policy is adopted:

1) The future development area shall be protected as much as pbésible.

2)  The proposed flood mitigation will comprise both structural and non-structural
measures.

The non-structural methods of flood plain management will be applied to those
arcas that will remain undeveloped rural areas. The structural measures will be

-applied to developed urban areas.

3) The structural measures shall include facilities which are to be cohs_iructed as early
' as possible and within the target year 2010.

. The scale of the facilities shall be determmed thh duc consideration of economic
effectiveness and financial viability of the pro;ect

Flood Pfotection Leve!

For surrounding rivers and khals the degree of protection with respect to flood
mitigation is determined by the adoption of a suitable scale of design flood.

Generally speaking, a design scale of flood frequency of 50-100 years is adopted for
long term measures of flood mitigation schemes for large scale rivers.

For this smdy, the design scale of flood is determined with due consideration to the
following basic concept and economic evaluation results.

Basic Consideration’
1)  PastFloods and Importance of the Area

In general the scale of desagn flood is detcrmmed accozdmg to the degree of the
1mp0rtance of the study area and the largest flood level experienced in the past.
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2.2.2

The study area is considered to be the most important area in this country, The
1988 flood, the largest flood one expenen(,ed in the past, is estimated to be of a
70-years flood frequency in most areas. Accordingly, a higher than 70-years
flood frequency is recommended.

2)  Design Flood Scale of the Existing Embankment
The existing embankment of the western part of the Greater Dhaka has been
constructed by adopting a 100-year flood frequency.
3)  Flood Protection Levels in South Asian Capitals.
In most capitals of South Asian Countries, a flood frequency of 50-150 years has
been adopted for long term measures. |
Country River City _ Flood Frequency
Thailand Chao Phraya River - Bangkok 100 - year
Philippines Pasing River Manila - 100 - year
Indonesia Generally, for large river - 50 - year
Malaysia Klang River - Kuala Lumpur 100 - year
Japan Generally, for large river - 100 - 150 year

Economic Assessment

Economic consideration of the alternative designs was roughly made by estimating

“economic internal rate of return (EIRR). Five flood scales i.e. 10, 50, 100, 200 and

500-year flood frequency and the Greater Dhaka area were selected for this study.

For this study, the following conditions were used for the calculation ;

)

2

Benefits of the alternatives are estimated based on the flood dainagc investigation
results (10-year and 70-year ﬂoods).

The construction cost only includes emplodenng facﬂxtlcs Le. thc embankment
and the flood wall of Greater Dhaka. ‘ '
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2.2.3

2.3

2.3.1

The cost of the already constructed western embankment is estimated using the
same cost interia as for the eastern embankment.

3)  The project costs are disbursed over ten years (1991 thru 2000).

The results show that the flood frequency between 50 and 100-year is the most
economical design scale of flood.

Flood Protection Level

Based on the above basic concépt, economical evaluaﬁén and investment effectiveness
of existing flood facility, which is designed for a 100-year flood frequency, a scale of
highest design flood frequency of 100-years or the 1988 flood is selected.

Flood Mitigation System

Basic Concept

In general, three (3) types of structural measures, namely, 1) dredging of river 2)
empoldering and 3) combination of dredging and empoldering are employed for flood

‘mitigation.

The empoldering measure is determined to be most suitable for the study area based on
the following consideration

1)- River training by dredging will not be effective for lowering the flood water level
due to the peculiar hydraulic characteristics of the area

2) It is very difficult to maintain the'dcsign river -bed due to the sedimentation
problem '

In order to confirm the above aspect 1), the hydfaul_ic calculation was carried out by
using t_he estimated discharge in the 1988 flood.

At the time of the 1988 floods, about 76 percent of the study area was inundated. The
flood discharge estimated on the surrounding rivers were as follows:
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Turag River ¢ 700 ~ 2,700 m3/s (upper to down reach)

Buriganga River c 2,700 m3/s

Bansi River D 2,700 m3fs

Dhaleswari River . 1,000 ~ 20,800 m3/s (upper to down reach)
Tongi Khal : 600 m3/s '

Balu River : 100~ 800 md/s - | (upper to down reach)
Lakhya River 2,600 ~ 350,000 m3/s (upper to down reach)

The hydraulic calculation results of the Turag river shows that excavation of about S0 m
width and 5 m height, which is approximately the same dimension as the existing low-
water channel,only lowers the flood water level by 27c¢m in 37 km river length.

For the Lakhya river, excavation about 100 m width and 10m height contributes to 22

cm of lowerting the flood water level in 24 km river length at the confluence of the Balu

river.

Thus an empoldering system is the most realistic and recommendable structural
measure for the flood mitigation of the study area. '

Alternaiives of the Empoldering System
The following two alternative empoldering systems arc conceivable for the study area.

1) Ihdependem System :  Toempolder each area independently
2) Integrated System : Toempolder as many areas by a wriggle polder system

As for the integrated systems, the following mitigation system in the two sites are
selected for a comparison with the Independent System (see Fig.G.12).

A. Tong:i' Site . Greater Dhaka with ‘Tongi Afca aré protected 'by one
polder system. o

B. Keraniganj Site :  Greater Dhaka and Narayanganj with Keraniganj Area
are protected by one polder system.

This alternative study is conducted mainly by comparing the construction costs.
1)  Comparative Facilities

The comparative facilities for the two areas of the alternative systems are
sumrmarized below:
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2)

(1) Integrated System:

Tongi Site - - 2 gates with navigation lock, (height 10m x width

40 m x3 span) are to be constructed in Tongi
Khais. _
Keraniganj Site - 2 gates with navigation locks (height 15m x width

~ 50m x 5 span) are to be constructed at Buri Ganga
river on the upper and lower reaches.

Embankment about 15km with 6 in height in
Kamrangir Char and Keraniganj western and
eastern sides are to be constructed.

) Independe’ht Systém:

Tongi Site. - Embankment, about 12km with 5m in height
along Tongi Khal is to be constructed.

Keraniganj Site - 'Embankment about 23k m with 5m in height
surrounding the Keraniganj area and flood wall
about 12 km with 1.5 m in height along the
western part of Grater Dhaka and Narayanganj
western part are to be constructed.

The standard sections of the embankment and flood wall are referred to in
Fig. .9, while the dimensions of the gates with navigation lock were estimated
by referring to the existing river width and depth.

Cost Estimate
The cost estimate is rbughly made, based on the above quantity. The unit costs

of the gmbankment, flood wall and gate with navigation lock are assuined, based
on data of construction works executed in South Asian Countries.

" The cost estimate are summarized below

G-25



Unit : Million TK

Integrated System Independent System

Case Unit Cost  Quantity Cost Quantity Cost
A. Tongi
1) Gate 100/mZ 2,400 240,000 - -
2) Embankment 100/km - - 12 1,200
B. Keraniganj - o
1) Gate 100/m2 7,500 750,000 - -
2) Embankment 10(0/km 15 1,500 23 2,300
3) FloodWall — 20km - : 12 240
Total Cost - 991,500 - 3,740
3)

Proposed Flood Mitigation System

The result of the cost estimate shows that the Independent System is much more
economical than the Integrated System for both Tongi and Keraniganj cases.

- Furthermore if the operation and maintenance costs are considered, the cost of

Integrated System is much higher than that of the Independent System while,
hydrautic effects i.e. the rise of water level, the flow velocity due to empoldering
will not be of a-great difference.

The Independent empoldering system is therefore recommended.

2,4 Design Criteria

2.4.1 Hydraulic Design Criteria

1)

Design High Water Level

The design high water level is to be determined based on the probable flood water
level and the rise of the water level by the proposed empoldering facilities.

The following flood levels (H.W.L) are employed as the design flood levels. The
calculation resulis of the probable water level and the water rise based on the
hydraulic simulation are shown in the Supporting Report D and summarized.
below. ' '
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Water Level Gauging Station H.W.I, Design Scale of .  Rise of Water  Design Scale

(m) Water Level Level (m) of Flood
o _ (m) 5 (years)
Tongi (Sta. No. 299) 8.6 8.30 m 0.08 100 Frequency
Mirpur (Sta. No. 302) 8.6 8.53 0.01 100 "
Mill Barak (Sta. No. 42) 7.8 7.72 0 100
Hariharapara (Sta. No. 43) 7.2 7.17 0 ('88 Flood)*
Rakabi Bazar (Sta. No. 71A) 6.7 6.65 0 100 "
Demra (Sta. No. 7.5) 74  1.32 0.03 100 "
Kalagachia (Sta. No. 71) 6.4 6.40 0 100 "

Savar (Sta. No. 69) 9.7 9.68 0 ('88 Flood)*

Note : * The flood water levels are assessed to be more than a 100-years flood frequency.

2)

3

4)

Design Freeboard

. The freeboards are to be determined with due consideration of stability/strength in

the case of overflow and temporary rise of the water level caused by wind and
waves on the occasion of a flood. The following freeboards are employed based
on the calculation results of water rise by wind waves. A 15 m/s of the wind
speed is adopted based on the wind data.

- Embankment : 1.2 m
- Flood Wall D 0.6 m
Design Crown Level

The design crown levcl is to be determined based on thc dcs;gn high water level

and the de31gn freeboard.

- Embankment : HWL+12m
- Flood Wall :  HWL+06m
Polder Alignment

The alignment is to be as smooth as possible based on the condition of land use,

the flow regime during floods, the existing condition of river course, maintenance
and construction expenses of the river in future, etc.
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The following aspects are to be especially examined.

(1) In the case of a concave curve, it is desirable to recede the inside alignment
of the curve and thus exiend the river width and slacken the water hammer.

(2) Congested residential areas and the okd river portion shall be avoided as
much as practically possible.

(3) The land acquisitions by B.W.D.B for the. embankment construction along
the Balu river shall be considered as much as possible.

2.4.2 Standard Sections of Empoldering Facilities

The form of polder is to be selected with due consideration to the land use pattern, land
availability for the polder construction, subsoil conditions, topographical conditions,

ete.
As standard design, the following types of polder are considered in principle.

1.  Embankment
2. Flood Wall (T and I Type)
3. Road-Cum-Embankment

1)  Embankment

In principle the following dimensions of the embankment are adopted with due
consideration to the slope stability and maintenance: '

(1) Embankment Crest Width: 4 m
(2} Berm of Embankment:

The berm shall be provided at every 4 m internal from the crest on the
riverside and at every 3 m internal from the crest on _thc'landside, while the

width shall be 3 m or more.

(3) Slope Gradient:
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3)

4)

The slope gradient of the embankment shall be a gentle gradient of 1:3 or
less.

Foundation Treatment:

If subsoil is considerably poof,_some foundation treatment is required. A
conceivable foundation treatment is by means of Consolidation of poor soil
foundation by sand drain/sand compaction methods with step by step

embankment,

Flood Wall

The following dimension are adopted in principle.

(D

-2

T Type Flood Wall:

a)  The wall thickness is 0.3 m at the top and 0.5m at the foot base.
b) - The relation between the height (H) and the base width (B) is to be
about 0.8 to 1.0. ' :

c¢) This type 1s to be applied on good foundation and no foundation
treatment is assumed.

I Type Flood Wall:

a)  The wall thickness from top to bottom is to be (.3 m or more.

b) - The height of the upper part and below ground level is to be the same
length.

Road-Cum-Embankment

The dimensions of most parts are to be the same as an embankment. However,

the embankment crest width shall be 7 m or more with due consideration of

traffic purpose. In cases of existing roads with width over 7 m, the road width
shall be adopted.

When the rise of roads is less than 2 m, the slope of banking is to be 1:2.
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2.5

2.5.1

2.5.2

Alignment of Polder

Alignment of polder is determined by considering the social aspect, hydraulic aépect,
and economic effectiveness of the proposed facilities in the protected areas.

Policy of Alignment Planning

The areas to be protected are basically 1) existing urban area and 2) future urban atea by
the target year 2010. Special attention to on-going projects or plans is to be made for
the future protection area.

The detailed information on urban areas is provided in Suppoﬂiilg Report C.

Beside the above, the alignment will be determined with due consideration to existing
flood mitigation facilities and project plans, the planning concept of smooth alignment,
good subsoil condition, least land acquisition, minimum quantities of earth work and

retarding pond area for drainage system.
Planning Criteria

The empoldering facilities are planned based on the hydraulic design criteria and
standard of empoldering facilities (refer to Chapter 2.5). The planning cntcrla apphcd
in this study is described below.

1)  Crown Level

Crown level is determined based on the design high water level at each gaugmg

' stations by adding freeboard,

The freeboard for embankment and flood wall are set at 1.2 and 0.6M

respectively.,
2) Land Required

The land required for the embankment and flood wall include  space for
construction, and operation and maintenance. The followmg figures are adopted
by considering stability, maintenance and operation of the facilities. '

(1) Embankment: Banking space + 30 m
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3)

) Flood Wall

a) Withriver bank protection ~ :  Construction Space + 3™
b) Without river bank protection : Construction Space + 50
Applied Standard Sections

The types of cmpoldering facilities are selected on the basis of site survey along
the alignment alternative, The basic concept of the application of the empoldering
facilities to the sites are shown below : :

(1) Embankment

a)  Site Condition Applied _ _
The suitable/applicable site conditions are the places where

Required large scale land acquisition is possible
- Poor sub-soil condition
- New roads are required

Embankment is suitable méstly in the rural area or the flood plain area.
b)  Standard Cross-Sections
- Embankment with ordinary sub-soil condition:

For this type, no foundation treatment is to be required. The major
dimensions of the standard cross-section are shown in Fig.
G.S(1). '

- Embankment with poor sub-soil condition:

The dimensiOns of embankment is the same as that of embankment
with ordinary sub-soil, except that foundation treatment is
re_quirc‘d.' The foundation treatment is to be carried out by sand
piling or other applicable methods.

(2) Food Wall
a)  Site Condition Applied
’i‘he suitable / applicable sitc.conditions are where

- Available space is very limited
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- Subsoil condition is good

This type is applied mostly in urbanized area.

b)  Standard Cross-Section
- T Type Flood:

This type of structure is of reinforced concrete and no
foundation treatment is required. The standard section is
shown in Fig. G.9(2).

- I'Type Flood Walk:

This type of structure is applicable to the straight form of
reinforced concrete. The wall thickness shall be 30 cm or

more.
The standard section is shown in Fig. G.9(2).
(3) Road - Cum - Embankment
a)  Site Condition Applied

The applied site condition is where the existing road is expected
10 be utilized for the flood protection.

b)  Standard Cross Sections.
The standard sections are categorized as follows :

- Type A: Embankment heighi is relatively low (H<2M)
- Type B: Embankment height is considerably high (F>2™)

The crest width for both types shall be 7 (minimum) with due
consideration of the road function. The standard cross-sections
are shown in Fig. G.9(2).

2.5.3 Alignment Alternatives
Alternatives of polder alignment are selected with due consideration of the existing
flood mitigation facilities, social aspect, hydraulic aspect, land use and urban planning

in the study areas.
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The selected alignment alternatives are described below.

)

Selected Alignment Alternatives

(1)
2)

Greater Dhaka
Eastemn Pzﬁ“t

- CaseA _
The principal purpose of Case A is to protect the existing and potential
future urbanized area.

The alignment covers mos_tﬁrbar_ﬁzed areas being developed along the Tongi

o S'yedabad trunk roads and the higher land of the northern part of Greater

Dhaka arca. The low- lying area around Ulan is included for the use of
regulation pond (see Fig. G.3).

= CaseB

The principal purpose of Case B is to protect both the existing urban area
and the large area of potential future developed area,

The alignment is along Balu river and is almost the same as the plan
proposed by the Commitice. However, some revision was made at the area
of poor sub-soil area identified from BWDB soil investigation. The
embankment line at Bhaturia is revised on higher ground level portion near
the original line. The revised portion is shown in Fig. G.13.

' b) _Kamfangir Char .

Kamrangir Char, identified as a developed sand bar in the Buriganga River,
is located between Old Dhaka and Keraniganj. Although the present
population is estimated to be more than 35,000, this arca was left
uniprotected in the phase I program. |

_ Based on the ﬂood survey results, the whoIe area was completely inundated
 during the 1988 fiood and most of the area was inundated during the 1987

flood that corresponds to 10-year flood frequency

For this area, three cases i.e. Case A, B and C are conceived as alignment
alternatives:
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- Case A _
The principal purpose of Case A is to protect the existing urbanized area.

The alignment covers most of ‘the urbanized area by one polder system
which is separate from the existing embankment.

- Case B _
The protection area is the same as Case A. However, the alignment of the
polder is connected to the existing embankment.

_The proposed embankment extends from the Dakshin Sonatenga site of the
existing embankment along the left bank of the Buringanga river and is
connected to the proposed phase I embankment further down stream.

In this case, stormwater from theé neighboring western Dhaka arca is
discharged into this area and consequently extra pump capacity is required
for the drainage facility.

- Case C _ o o
The principal purpose of Case C is to protect the whole Kamrangir Char
area which is composed of both the existing urban area and the low-lying

area of Katasur,

This alternative is an extremely costly one because of the large quantity of
land-reclamation needed for the development of the area.

For this reason, this case will not be discussed any further here.
c) Western Part

The Western Part is defined as the area between the road-cum-embankment
along the eastern fringe of existing Dhaka urban area and Buri Ganga river.

For this area, no alternative is considered due to existing embankment and
the on-going project.
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The major work for this area includes rehabilitation work of existing
embankment and flood wall, constructions of flood wall type structure
between Kellar More to Mitford Hospital.

Narayanganj area

a)

b)

Western Bank

The Western Bank aréa is composed of DND Project area and

Narayanganj Town.

The DND Project area is presently protected by the flood wall and
railway-cum-embankment, while the Narayanganj densely populated
area and industrial ar_ea.located alongside of the Lakhya river are not
free from a 1988 scale flood,

The alternatives are basically prepared focusing on whether, econo-

mically, the narrow strip of industrial area can be protected or not.

- Case A : _
The alignment covers the areas of DND project surrounded by the
existing flood wall and railway-cum-embankment, and the centre of

Narayanganj town. However it excludes the narrow strip of industrial -

area along the Lakhya river (see Fig. G. 13)

- Case B

The alignment covers almost the whole area of the Western Bank
including the narrow strip of industrial area (see Fig. G.13).

Eastern Bank

The Eastern Bank is defined as the area between the road from the
Tarabo via the abandoned railway and the Lakhya river (see Fig.

G.13).
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a)

b)

For this area, no alternative is considered due to its small size and long

shape.

Economic feasibility for protection is checked "and the hydraulic
adverse effect will be analysed later. -

Tongi Area

| Tongi Town is an industrial area which is rapidly developed partly

due to its higher ground level.

Two alternatives are selected with due consideration to the high

development potential of the area.

Case A

The principal concept of this case is to protect the existing urbanized
area.

The alignment covers most of Tongi Union and is planned to use the
existing road to the maximum extent. The portion that is not included
by this alignment is the western low - lying area along the local khal
(see Fig. G.13).

Case B

The principal concept of the c-asc B is to cover the potential
development area to the maximum extent. The alignment of Case Bis -
different only for the western part of Tongi area (see Fig. G.13).

Savar Area

Most parts of the area were not inundated during the 1988 flood.

However, the center of Savar town was inundated for more than two weeks

and seriously affected.

For protection of the town center, an alignment which empolders the town
center and its suburban area is proposed. The alignment runs along the
Bansi river to the west and Bannyabari Khal to the East by utilizing existing

roads.
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(5). Keraniganj Area

A bridge consfruction project linking old Dhaka area and town centre of

Keraniganj, and a new port development project at Pangaon have been

envisaged by the Government.

The following alternatives are selected taking the above situation into

account.

a)

b)

Case A

The principal concépi of this case is to protect the existing urbanized
area. The alignment is basically along the fringe of the existing village
and roads on the Dhaleswari River side, while for the Buriganga sidc,
the alignment is along the existing river bank. The southern end of the
alignment is connected to the existing trunk road extending to Char

Kondalia,
éase B

This élignmcm includes the Port Development Project area at Pangaon
and some pbteﬁtial development areas alon_'g the Buriganga river. The
alignment along the Dhaleswari river side is designed to be a smooth
ling and incorporates residential area to the maximum extent.

Case C

This alignment includes large parts of the flood plain area having high
potential for future development provided that low-lying area is
developed economically. .

However, this alignment is not recommendable from the viewpoint of
a hydraulic aspect.

The Water level will rise considerably due to the blocking off of the
existing waterway . This adverse hydraulic effect will necessitate
heightening of the embankment on the upsiream as well as the
strehgthenin g of revetment on the downstream.

For this reason, Case C will'not_ be discussed as an alternative,
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2)

3)

Index of Comparative Evaluation of Social Aspect and Flood Condition

The social aspect and flood condition are Closely related to the beneficial effect
and can be used as a component of index for the evaluation of comparative

alignments,

The main items of the above social aspect and flood condition of the protected
areas by the respective alternatives are selected below :

)
2
3)
4

Size of Protected Area (kmz)

Land Use at present and future 2010

Population at present and by the target year 2010
Flood Condition in 1988 and 1987 Floods
Inunidation area, depth and duration.

These aspects are summarized in Table G.5.

Cost Estimate

Cost estimate of respective alternatives are prepared based on the following

conditions,

(1} Empoldering Facility Plan

The type of empoldering facilities is determined by considering land use,
topography and geological conditions. '

The empoldering facilities and plans for the alignment altérnativcs'are_
proposed and shown in Table G.6 and Fig. G.13 respectively while, the -
topographic and geological conditions for the facility are based on the
following data and assumption. '

a)  Topographic and Geological Conditicns
The ground levels and geological conditions of the selected alignments

are prepared based on 1:7,920, 1:10,000 and 1:15,840 Topo maps,
spot level survey and bore hole data.
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The geologic data on the alignments are very limited except the Balu
river. For determining the geological condition, regarding the bean"ng
capacity of the soil foundation for proposed embankment, it is
assurned that :

- If the ground level is sufficiently high, and flood free with respect
to thé annual average flood, the area is assumed to have sufficient
bearing capacity for the embankment construction.

- If the ground level is lower and assumed to be a part of the flood
plain, soil condition of the area is assumed to be of poor sub-sail
condition. ' '

The topographic condition is shown on longitudinal sections of the

alignmem alternatives (sce Fig. G.14).

(2} Cost Estimate

a)

b)

Basic Condition

The cost, which includes construction and land acquisition cost, is
roughly estimated based on the following pelicy and conditions.

- The cost of only major works i.e. embankment work with the
foundation treatment, concrete work for the flood wall, the
construction of pump stations, sluice gate, khal improvement are
to be estirated.

- The unit cost for the construction work is estimated as shown in
Supporting Report J.

Quanﬁty :

The work quantity is estimated on the basis of the typical cross-

section and the longitudinal section.

The land acquisition area is estimated on the basis of the cross-section

-with required space for operation and maintenance work.
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c)

4)

5)

The bill of quantity for all alternatives is shown in Table G.7.
Cost Estimate

The cost estimate for all alternatives is summarized in Table G.8.
Number of Rescttlcment.

The construction of proposed empoldering facility involves land acquisition of
right-of-way and consequently involves resettlement of residents.

The number of people and households to be resettied are approximately estimated
from the proposed land acquisition area and the population distribution data.

The result shows that in the case of the proposed alignment about 75,000 people
would be subject to resettlement, while protected land and populatmn in2010 are
about 420 kmZ and 12.5 million people respectively. '

The amount of Tesettlement for each alternative is summarized in Table G.10.

Hydraulic Aspect

Flood water level of the 1988 flood without and with proposed empoldering
facilities were calculated by means of a hydraulic simulation model (refer to
Supporting Report D).

The existing embankment and proposed polder do not obstruct much the main
stream flow which are analysed by using the satellite colored image taken between
February to March 1989 flood (see Fag. G.15)

The result shows that the rise in river stage by emipoldering facilities at Kamrahgir
Char is about 1 cm only. The maximum rise in water stage by the empoldering is
8 cm at the upper reach of the Balu river (ref. Table G.9 and Fig.G.5). This
upsurge is evaluated to be negligible. '

For this reason, hydraulic aspect is not considered as a factor for the selection of
alignment alternatives.
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2.5.4 Proposed Alignment

Since the resettlement and hydrauiics do not exert any appreciable effects on alignment
alternatives, the proposed alignment selection is based entirely on the cost
effectiveness, which is expressed as the cost per population in the target year (2010).

The comparison of cost effectiveness and proposed alignments proposal are shown

below:
Protected Cost
AreafCase Population Cost Effectiveness  Proposal
(2010)°  (x108Tk) (Cost/Pop.)
1.  Greater Dhaka
A. Greater Dhaka East: -
~Case A 1,251,000 14,638 11,701 Case B
Case B 2,322,000 15,284 6,582
B. Kamrangir Char : : ' | -
Case A - 192,000 1,126 5,926 Case B
Case B 211,000 1,006 5,295
C.  Greater Dhaka West: 6,053,000 19,840 3,278 - Accepted
(One case only) '
2. Narayaﬁganj
A. Western Bank: - ' :
Case A 1,949,000 8,159 4,186 Case B
Case B 2,241,000 9,225 4,116 :
B. Faster Bank: 266,000 2,840 10,677 Accepted
© {One case only)
3. Tongi | _ _
Case A ' 653,000 3,022 4,628 Case A
Case B 725,000 3,685 5,080
4. SavarArea 250,000 1,436 5241 Accepted
(One case only)
5. Keraniganj
Case A 273,000 2,924 10,710 Case B
Case B 457,000 4,866 10,648

The detailed comparison is shown in Table G.10. The proposed alignments and their

major facilities are shown in Fig. G.13.
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2.6 Proposed Flood Mitigation Facility

2.6.1 Project Areas

The study area is divided into five(5) sub areas based on river. alignménts and
embankments. However the project areas for structural flood mitigation measures is
divided into seven (7) divisions with due consideration to the implementation of the
project see. (Fig G.16). These seven (7) divisions are as follows: .

1)  Greater Dhaka Area

(1) Dhaka West Project Area
(2) Dhaka East Project Area -

2)  Narayanganj Area

3} Nara'yanganj West Project Area
- DND Area
' - Narayanganj West

(4) Narayanganj East Project Are#
3)  Tongi Area
(5) Tongi Project Area
4)  Savar Area |
(6) Savar Project Area
5) Keranignj Area
(7) Keraniganj Project Area
2.6.2 Design Sections of the Facilities
1)  Standard cross section of the po}dér

The empoldering facilities are co.m'posed of embankment, road-Cum-
embankment, and flood wall T and T Types as mentioned in the previous section

on planning criteria.
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The types of facilities for the sites are mainly determined on the basis of
availability of land and sub soil conditions.

The applied types of the facilities are shown in Fig .16 of proposed longitudinai
sections.

While, the standard cross section is shown in Fig G. 9.
Z)  Longitudinal Section of the polder

The proposed longitudinal sections of polders are based on the design high water
“level of major water level gauging stations (see 2. 4 Desigo Criteria) and design

freeboards of 1.2 (Embankment) and 0.6M (Flood wall).

The proposed sections are shown in Fig G. 16(2) to Fig G. 16(4)

3) 'Sinic‘c Gate (Regulators)

Sluice gates are de&gned at the outlet of Khals and proposed pump stations (sce
Fig. G. 16 (1).

The proposed flow areas of the sluice gates are basically determined by means
that design discharges divided by design flow velocity of 2.5M /s,

The number of sluice gates and their design discharge, flow areas are summarized
in table G.11(2) and G.11(3).

' 2.6.3 Proposed Facility/Rehabilitation Work

The rehabilitation works of the existing facilities and the proposed facilities in the
_folldwing project areas are proposed based on the previous alignment study and by
taking the implementaiion progfafn into consideration. The proposed préject' areas with
major facilities and their longitudinal sections are shown in Fig G.16. The major flood
mitigation facilities and rehablhtanon works are shown in Table G. 11(1) and listed
below: . . '

1) Greater Dhaka
(1) Greater Dhaka West

- Western part

a) Rehabilitation Works (R) and Construction Facilities

- Embankment(R) : 167 kmof repairing, strengthenmg works
of failure and settdement poriion
(3.0 km of foundation treatment)
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- Flood Wall (R)
- Embankment

- Flood Wall

- Sluice Gate

- Kamrangir Char

a) Proposed Facility
- Embankment

- Shice Gate

(2) Greater Dhaka East

a) Proposed Facility
- Embankment

- Sub Embankment

- Sluice Gate

2) Narayanganj

4.7 km of Rehabilitation Work

0.3 km nearby Kellar More
(0.3 km of foundation treatment)

3.0 km between Kellar More to Mitford
Hospital .

11 places (On-going Projects by JICA and
IBRD are not included)

6.0 km for Kamrangir Char area
(2.0 km of foundatjon treatment)

1 places

26.7 km along the Balu river
(14.6 km of foundation treatment)

11.3 km
5 places

(1) Narayanganj - West Project Area

- DND Area

a) Rehabilitation Works

- Flood Wall (R)
b) Proposed Facility

- Flood Wall

- Sluice Gate

- Narayanganj-West
a) Proposed Facility
- Embankment

- Road-Cum-
Embankment
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20.2 km of siren gthening work for the
eastern part of the existing flood wall

10.0 km along the western paﬁ of the
national road and existing railway track -

2 places

6.1 kmn on the north and southern part of
Narayanganj town

4.3 km on the western part of Narayanganj



3)

4

5)

TFlood Wall
Sluice Gate

(2) Narayanganj - East

a) Proposed Facility

Tongi

Embankment

Railway-Cum-
Embankment

Flood Wall

Sluice Gate

a) Proposed Facility
- Embankment

- Road~Cuin—
: Embankment

- Flood Wall
- Sluice Gate

Savar

~a)  Proposed Facility

- Embankment

. SluiCe.Gate

Keraniganj

a)  Proposed Facility
- Embankment

- Flood Wall
- Sluice Gate

10.5 km along the Lakhya river
7 places

6.6 km on the north part of the area

6.5 km on the northern part of the area

26,0 km along the Lakhya river and
abandoned railway

12 places

13.0 km on the eastern part of the area -
(10.4 ki of foundation treatment)

6.2 km on the northern and western part
of the area

2.2 km along the Tongi Khal
7 places

9.3 km on the Western and Southern part

. of the area :

(3.1 km of foundation treatment)
3 places

: 23,3 km on the eastern and western part
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3.1

3.2

Guidclines for the Flood Plain Management

General

The study area of the flood control and drainage master plan encompasses an area of
850 kmZ. Of this area the structural mitigation measures cover an area of 456 km? (as
delineated in the previous section) which would form the future potential urban area

until the year 2010.

The remaining arca of 324 km? lying almost in between the Buriganga and Dhaleswari
river wounld remain unprotected as a flood plain, in which urbanization would be
restricted in order to ensure no significant change inland use. However the total rural
area is 362 kmZ2, if high land agricultural area of 38 kmZ in Savar which is not a flood
plain is also included. ; - ' '

However, in order to protect the isolated rural farming communities from potential
flood damage, an effective flood plain management plan is a prerequisite. Accordingly,
the necessary guidelines of flood plain management are formulated.

The proposed guidelines are composed of two principal elements:

1)  Flood forecasting, warning and evacuation sysiem
2)  Land use regulation to mitigate uncontrolled urbanization.

Proposed Flood Prone Area and Population

Out of the study area of 85,000 ha, high lands of 20,000 ha are free from flood and
selected low-lying areas of 29,900 ha will be protected by the proposed polders to a
safety level of 100 year probability. However, the remaining low-lying areas of
32,800 ha will be left unprotected even in future, while major river areas of 2,300 ha
are not included in the flood plain area. Such unprotected flood plains are as follows
(see Fig. G.13). | | - |

1)  Buriganga/Dhaleswari River Flood Plain  : 15,200 ha
2)  Turag River Flood Plain ¢ 10,000 ha
3)  Savar South Flood Plain . 4,900 ha
4) . Savar North Flood Plain : - : 1,600 ha
5) Buriganga Lower Left Bank Flood Plain = : 1,100 ha
Total ;32,800 ha
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3.3

3.3.1

Thé_ above flood plains were consecutively damaged by severe floods in 1987 and
1988. The 1988 floods with a 70-year return period affected the whole population of

- the flood plains. Even the 1987 floods with a 10-year return period affected 90% of the

population of the flood plains. The total affected population by the 1987 and 1988
floods are estimated to be 0.49 million and (.58 million respectively. The affected
population in the respective flood plains are shown below.

| 1987 Flood 1988 Flood
1)  Buriganga/Dhaleswari 280,000 292,000
2)  Turag 55,000 63,000
3) Savar South 123,000 178,000
4) Savar North 5000 21,000
5)  Buriganga Lower Left 27,000 30,000

Total 490,000 584,000

The above affected population are further broken down into the respective constituent
unions as shown in Table G.12. '

Proposed Organization
Present Condition

Flood plain management involves the activities of flood forecasting and warning, flood
evacuation and relief and land regulation.

Presemly such activities are carried out by the respective organization, Flood
forecasting and -warning has been carried out by BWDB. Evacuagion and relief
activities involved with the municipal body, the Ministry of Relief and Rehabilitation,
the President's Flood Monitoring Center, the A:my,'etc. Land development has been

- progressed by RAJUK, the Minisiry of Local Government and the municipal body.

in consideration of the above situation and in order to have a smooth and effective flood
plain management, some integrated organization or commitiee comprising all the
concerned organizations shall be organized

G-47



3.3.2 Proposed Organization and Its Role

3.4

3.4.1

For the smooth and effective implementation of the flood plain management, the

establishment of a commitiee is recommended.
The major task of the cominittee is to assess and examine the following items.

1} Review of the guidelines of flood plain management

2)  Examination of land use

3)  Assessment of the flood forecasting and warning system
4)  Assessment of the flood evacuation and relief

The implementation of the above items is to be carried out by the respective

organization.

The committee is to have periodical meetings thrbughout the year. Urgent meetings
will be held in occasion of 1) The danger water level is observed, 2) During the
flooding period, 3) Occurrence of land regulation problems and 4) If the majority of the

members request for a meeting.

The commiitee is to be composed of members of the following organization i.e.
BWDB, SPARRSO, BUET, BMD, DWASA, MOLG, MORR, DDC, Army,
respective Municipal Body, and other related authority.

Flood Forecasting and Warning System
Existing Condition

The flood forecasting and warning has been carried out by the Flood Forecasting and
‘Warning Center of Hydrology-2, BWDB in cooperation with MPO, SPARRSO and

other agencies concerned.

The existing flood forecasting mechanism is limited to a few water level monitoring
stations along the Ganges, Brahmaputra Buriganga and Lakhya river due to lack of
hydrological observation equipment, telecommunication equipment and trained

personnel.
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3

There are only two (2) river stage monitoring stations located within the study area.
They are Dhaka and Narayanganj stations along Buriganga river and Lakhya river
respectively, ’

These two (2) stations are inadequate for the forecasting of flood water levels of the
Upazila considering the vast expanse of the flood plains.

Proposed Strengthening Measures

The following strengthening measures to the existing flood forecasting and warning
system are proposed in order to realize a more practical flood forecasting and warning

system.

1)

2

4

The establishment of water level gauging stations in the flood plain area. The
proposed locations are Abdullahpur in the Burig_angathaleswaﬁ flood plain and
Qusimpur in the Turag flood plain. (See Fig. G.17) '

Establishment of telecommunication/wireless link between major water level
monitoring stations and the Flood Forecasting and Warning Center. The

- proposed monitoring stations are to be in the upazila offices of Savar, Tongi,

Keraniganj and Narayangan;j.

The upgrading of a regional model for detailed regional forecasting, in

- cooperation with the authorities/agencies concerned.

The improvement of the flood warning system up to the Upazila level by
" establishing/sirengthening the flood warning section in the Upazila Office of the

flood plain area.

In addition, bilateral cooperation with the concerned flood forecasting/warning agencies
across the border in India at the upstream reaches, for the exchange of information, is

necessary.,
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3.5

3.5.1

3.5.2

Flood Evacuation System
General

During the 1988 floods, flood levels at Dhaka and Narayanganj were announced on the
radio and television. However, an evacuation order was not issued by the 'au'thorities_

concerned.

Therefore the people in the inundated area were forced to determine for thernselves the
time for evacuation, the place of safety, and to obtain necessary information.

Some people in the flood plain evacuated their homes when the depth of inundation had
already reached 1 m.

This type of evacuation scheme is very inadequate and may cause higher {flood damages
during future floods. v

Proposed Evacuation System

In view of the above inadequacies, the following improved evacuation system is

proposed for the respective flood plains.

1)  For the flood plains which are located mostly more than 2 km away from the
neighboring flood free land, a flood evacuation and relief section in the Upazila
Office shall be established/improved and equipped with the necessary tele-

~ communication facilities to be able to communicate between the Upaiila Office
and the Evacuation & Relief Center.

2)  The determination of danger water levels which indicate the commiencement of the
evacuation in the respective flood plains.

The danger water fevels recornmended are set about 9.3 m lower than the existing
mean residential ground level for the respective water monitoring station in due

consideration of the rise in flood level in one day during the 1988 floods.

The proposed danger levelé are shown in Table.G.13 Fig.G.l’].
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3)

4)

Evacnation shelters shall be constructed in order to avoid flood casuvalties. The

shelters are only proposed in the Buriganga/Dhaleswari and Savar south flood

plains considering the distance from the neighboring flood free lands.

The shelters are to be used as relief centers and 10 accommodate the following

people:

(1) Some residents such as pregnant women, patients, etc. who are unable to

evacuate to neighboring flood free lands because of illness or other reasons.

(2) The members who are assigned to supe’rvise' the propeﬁy of residents.

(3) The people who work in relief activity. The accommodation capacity of a _

shelter is to be assumed to be 5% of the population of the proposed flood

unit (about two third of the whole area). The other pcOple should be

evacuated to the nearest flood free lands.

The necessary facilities and equipment for the shelter are as follows:

- a)
b)
c)
d)

Medical treatment facilities and medicine for emergencies
Water supply facilities and some amount of food for temporary supply

- Clothing, tents, and other necessary commodities

Telecommunication equipment, etc.

The main feature of the evacuation centers is proposed as follows :

»
b)
9
d)

Mounted ground level : HWL + 1.2 m
Accommodation Capacity per Shelter : 2,000 people
Land of evacuation center : 3,000 m2

‘Type of builbing : Reinforcing Concrete Structure

The location of the shelters Shall be selected by taking into consideration the flood
risk map; flood stream, proximate to a trunk road and distribution of the

population.The flood risk map based in the 1988 flood survey is shown in

Fig.G.18.

The evacuation roads shalI be improved/constructed to hnk the evacuation center

and the villages within the flood plain.
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3.6

3.6.1

3.6.2

The proposed minimum road requirement are as follows:

(1) The top elevation of the evacuation roads is to be 0.6 m above the ground
level of the house base considering the evacuation time allowance.

(2) The read width should be more than 2 lanes.
(3) The road should be strong enough even in submerged condition.

(4) The road should have guide posts in order to indicate its location when

submerged.

The proposed locations and the length of the road 1mprovement are shown
in Table G-13 and Fig.G.19. '

Land Regulation

General

Land development in the low-lying area of flood plain is to be controlled Because:

1)  Ingeneral, Iand development in these area is very costly and the developed land is
not sirong enough against flood flow. This may lead to remendous damages to

the local residents and the economy as a whole.

2)  The banking of the developed area obstructs the flood flow and would cause the
rise of the flood water level or changes in flow direction which may lead 1o
adverse hydraulic effects to the whole area. ' '

The flood plain areas are therefore to be controlled by means of land use regulation
which include the prohibition of land development and control of land use pattern with
due consideration of the flood flow characteristic in the area.

Land Use Control by Zoning

In principle, flood plain areas are not to be used for land development. However, the
implementation is a very difficult matter because of the limited available space in the

suburban area.
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Zdning of flood .plain areas have been adopted in many countries as a controlling tools
of the land development in flood plain areas.

. For this study, the zoning method is to be applied by considering the flood flow

3.6.3

characteristic with the following definition:

I Main Flood Flow Zone : The area is to be recognizcd as main flood flow zone.
2)  Sub Flood Flow Zone : The areais to be less affected by flood flow.

The above zoning should be based on the flood flow information, observation of
satellite image and hydraulic simulation results during the 1988 flood (see Fig. G.20).

Proposed Zones
1) Main Flood Flow Zone _

Most of the area of this zone is used as agricultural land. In this zone, land
development for Tesidential, commercial and industrial use should prohibited.
However, the following land pattern or usage will be allowed provided that the
land development causes no adverse hydraulic effect to the flood flow.

(1)  Agricultural land use

(2)  Open space for recreation

(3) Ferry terminal

(4) Recreation fac_:ilitics' (only for dry scasoh)
(5) Material deposit

(6) Bricksyards

2)  Sub Flood Flow Zone

* Atpresent, the land use pattern is composed of villages and rice fields. The land
development for this area is only allowed provided that:

(1) The developed land is raised more than the design flood water level, on the
buildings are on columns above high water level

(2) The slope of the banking land is gentle enough to prevent slope failure and
is to be protected against erosion by flood flow.

(3) The direction of the structure on the land is to be designed so as not to
disturb the flood flow.
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(4) The damage of the structure is expected to be small even in the flood stage.

(5) The floor elevation of warchouses for poison, burning materials or other
items which cause danger 10 the human being or livestock should be higher
than the design flood water level. The structure should be strong enough to
cope with expected external forces by flood or any other cause.
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Table G.9  Flood Water Levels With and Without Project in the 1988 Flood

8.04

River Without- With Project ah Discharge Remarks
(Location) Project {m) {m) (cm) (m3/s}
G. DHAKA-WEST (A)
1. BURIGANGA ‘
0 7.21 " 7at 0 2600  |Hariharapara (Sts.43)
485 725 7.25 o 2660 _
10.5 735 135 o 2600  IMill Bacack (St 42)
14.55 7.42 742 9 2690
17.5 7.49 7.49 0 2680
- 2.TURAG
‘0 749 749 o 2680
53 7.66 167 1 2680 | . :
102 79 191 1 2680 {Mirpur (51.302)
15 804 8.04 0 760
202 . .805 8.06 1 730
254 823 829 6 760
- 29.98 842 848 6 1360
375 866 8.7 4 1350
G.DHAKA-WEST(B) '
1. DHALESWARI _
0 507 597 0 20780
57 6.16 6.16 0 17410
10 .66 6.66 0 17410
145 721 721 0 17410
9.6 157 157 0 14680
. 248 '3 791 0 14680
294 -837 837 ¢ 14680
346 8.58 .88 0 14680
405 934 934 0 14680 {Kalatia (SL.70)
44.58 9.57 9.57 0 1010 .
49.6 9.58 9.58 0 1010
55.48 9.58 958 0 1010
02 9.59 9.59 0 2670
2. BANSI
0 9.59 9.59 - 0 2670 |Savar (S1.69)
5.13 967 9.67 0 2670
9 9.85 9.85 0 2660 |Nayarhat (St.14.5)
G.DHAKA-BAST
t. LAKHYA
0 6,01 6.01 0 3480  |Kalagachia (S1.71)
4.95 61 6.1 0 3480
10.8 6.28 6.28 0 3470
1427 6.47 648 1 3460 :
20.3 6.83 6.86 3 3000 |Demra (SLi79)
239 7.02 1.05 3 2570
2. BALU
0 " 683 6.86 3 840 Demra (5t.7.5)
5.2 7.06 7.08 2 . 800
9.7 125 73 5 770
14.5 137 7.45 8 730
205 762 17 8 730
3. TONGI '
0 - 765 773 8 630
4.65 775 782 7 630
9.6 195 8.01 6 630 Tongi (S1.299)
147 8.11 7 630
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Table G.11(1)

List of Proposed Flood Mitigation Facilities

Arca Flood Mitigation
1. Greater Dhaka D
1) West .a) Embankment (R) 16,7 km
b) Flood wall (R) 4.7km’
¢) Embankment 6.3 km
d) Flood Wall -3.0km
¢) Sluice Gate 11 ples
f) Land Acquisition 370 ha
2) East a) Embankment 26.7 km
b} Sub Embankment 11.3 km
¢) Sluice Gate ' © 5ples
d) Land Acquisition 3174 ha
2 Narayanganj _ ' -
1DND Arca a) Flood Wall (R) 20.2km
' b) Flood Wall 10.0km
c) Sluice Gate- . 2 ples
d) Land Acquisition . 5.8 ha
a) Embankment. 6.1 km
2) West b) Road-Cum-Embankment 43%m
c) Flood Wall 10.5 km
d) Sluice Gate =~ 7 ples
¢) Land Acugisition 61.5ha
% Evacuation Facilities 1LS
a) Embankment 6.6km
3) East .b) Road-Cum-Embankment 6.5km
: -¢) Flood Wall ' 26.0 km
d) Sluice Gate 12 ples
¢) Land Acquisition G9.2 ha
a) Embankment 13.0 km
3. Tongi b) Road-Cum-Embankment 6.2 km.
¢) Flood Wall 2.2km
d) Sluice Gate 7 ples
e) Land Acquisition 100.%ha
% Evacualion Facilities 1L.S
a) Embankment 93 km
4.Savar b) Shuice Gate 3 plcs
¢} Land Acquisition 62.3ha
% Evacuation Facilities 1L.8
: : a) Embankment 23.3km
5. Keraniganj b) Flood Wall 3.7km
e . -¢) Sluice Gate - - 10 ples
d) Land Acquisition 163.7 ha
% Evacuation Facilities 1LS
Note : . - o '
1) Embankment (R) : Rehabilitation Work of Embankment
-2) Fleod Wall (R) = : Rehabilitation Work of Flood Wail
3) Land Acquisition : Retarding Pond is not included

4} Pump station (No.) : Total Capacity (Number of Pumnp Staiion)

5) On-Going Projects by JICA and IBRD aré not included.

G-67




Tabic G.11{2) Proposed Shiice Gates

Project Area Gate No. Design Dimention-of Remarks
Dischange Gate (A m?)
- (s .
1. Greater (1) West No.l 10.40 10.2 ‘G, : Refer 1oJICA previous study
Dhaka | No.2 3,70 4.8 Gy: -do - o
Mol 7.40 48 Gy -do -
Nod 3.40 4.8 G4 M = do -
- NoJS 12.50 6.3 Gs: -do- .
(No.6) .- 61.60 C 136 On-going Project by JICA-Karayanpu
' _ §(3 Veni) :A=13.8 m2
No.7 127.40 51.0 84 (8 Vent) : A=141m?
No8 28.22 11.3 $5(2Ven): A= 3.5m% ;
(No.9) - - On-going Project by IRRD-Dheolai Khal
No.10 4525 18:1 Kamrangir Char
No.11 39.93 16.0 $3(2 Vent) : A= 3.5m?
No.i2 71.59 28.6 §2(4 Vent): A= 7.1 m2
No.13 17.31 . 6.9 S1(1Vent): A= 1.1 m?
(D East | Neld 25.19 10.1 ' - .'
No.13 36.84 14.7
No.16 123.11 49.2
No.17 114.45 45.8
No.18 199.37 79.7
2. Narayanganj | (1) DND | _ No.l 113.28 453
No.2 105.57 422
_NoJ3 20.69 83
__Nod '38.08 15.2
{2) West | Nos 10.88 44
No.6 20.42 8.2
No.7 9.02 3.6
No.8 22.29 89
No9 21.57 11.0
(3) East No.10 10.13 11
No,11 6.47 2.6
No.12 26.01 10.4
No.13 19.94 8.0
No.14 17.16 5.9
No.15 28.23 113
No.16 10.13 . 4.1
No.17 6.47 2.6
No.18 26,01 104
No.19 19.93 8.0
No.20 17.16 5.9
No.21 28.23 - 11.3°
3. Tongi No.1 30.86 123
No.2 35.12 14.0
No.3 22.88 9.2
No4 13.54 54
No.5 33.73 13.5 -
No.6 38.96 15.6
No.7 8.40 34
4. Savar No.l 40,94 16.4 . .
No.2 23,47 9.4
Nol 78.76 31.5
5. Keraniganj No.l ~ 18.90 1.6
No.2 22.36 8.9
No3 31.44 12,6
No 4 30.92 124
No.5 61.73 4.7 :
*No.b- - 1.0 For domestic water use
:  Nol o L
Note:1) $/51-S5:Existing gates constructed by GOB

2y Design Discharges:Refer o JICA previous study repott and Table G171 (3)
3) (.} :On-going projects are not included as Proposad Sluice Gate
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