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A B 5 T R ACT

~ere assumed to be same and was derived from

\

i "

5cheme a breach in embankment will inundate_a larger area.

Polder Scheme is that if any breach in embankment occurs,only-that

for the flood-protection of-Halda river valley comprising an

unaffected from flood inundation. On the other hand, with Large Polder

large polders as East and West Polders with embankments designed for

flood of 50 year return period.-Instead of constructing two large polders

on the_east and west banks of _Halda river, five small polders can be

Bangladesh Water Development Board in 1974 proposed to construct two
area -of about 45,000 acres of cultivable land, rECo, Coniultants of

In the analysis, two alternative embankment plans of 50 and

smaller area will be affected and the remaining polders will be

planned using ~wo existing roads i.e. Chittagong-Kaptai and Chittagong-

Rangamati roads as embankment with the provision of a few drainage

benefit for both the cases
25-year flood return periods were studied for the project area. The annual

increased crop intensity as well as improved crop yields.- The capital

costs of embankment construction were found to be Tk. 76.5B and Tk.64.38
millions for embankment designed for 50-year and 25-year flood,

respectively. Accumulated present worth of benefits considering

millions, respectively. The benefit-cost ratios were calculated ae 8.57
and 9.66 for embankment designed for 50 and 25-year floods,thus making the

15% discount factor were found to be Tk. 549.37 and Tk. 517-.94

embankment plan of 25-year return period more economic.

--;sluicesat road crossings with-channels. The advantage of the= Small
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be recommended for implementation.

crop

1962,0damage• The net crop damage was obtained from four major storms of

additional benefit for the Small Polder Scheme was derived from net

, .•.. \'

,l"

Analysing the engineering design and planning aspects, it has

breachin9 and protected from the flood was determined considering the

storms of different cases of polder/polders affected by embankment

Large East Polder area. Similarly, another additional capital cost-of

The additional benefit which is the average of net crop damage of four

the Large West Polder area into two Small Polder-IV and Polder-V. The-- --

drainage facility to each of the three Small Polder-I, II and III of

drainage sluices amounting to Tk. 5.20 million is required to divide

sluices amounting to Tk. 20.16 millions is required for providing

two large polders separately. The additional annual benefits for each

Polder Scheme it was found that an additional capital cost of drainage

1963, 1968 and 1969 considering with and without embankment conditions.

In the analysis of Small Polder Scheme compared to Large

of the cases were obtained usin9 probabilities of breachin9 of 0.4 and

considering 25 year project life as the embankment plan of 25-year flood

0.25 in any year. The incremental benefit-cost ratios were calculated

return period was found economic and selected for flood protection. The

project area were found as 8.32 and 5.20 for breaching probabilities of

average incremental benefit-cost ratios of Small Polder Scheme for the

been concluded that the flood control by Small Polder Scheme having

0.40 and 0.25, respectively.

embankmente of 25-year flood frequency is economically feasible and

technically viable for HeIde river valley. This embankment project can
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1CHAPTER - 1

INTRODUCTION

1.1 General

Human civilization developed near rivers and floodplains from

the creation of the Earth, as adequate quantity of weter for drinking and

irrigation purposes, case of travel, trade etc. through waterways and the
fertile_agricultural_land_of the floodplains have attracted people_ to

settle themselves._ As civilization star_tin such places, man's life fall

in tremendous hazard by occasional flooding of the floodplain. The

uncontrolled~~lood-causee -not only'damagescto-crop andcproperty but also

lossas in lrvestock; -damage to homestaads, disruption 01"- transportation,

other-losses and untold-suffering to the affected paople. These hazards

by flooding can ba minimisad by flood protection"embankment.

Halda rivar vallay is one of the largest floodplain of Karnafuli

river system of which Halda river is a tributary. A location map of the

project area is given in figure 1.1. The--avarage maximum flood depth is

about six-feet in monsoon in the lower Halda floodplain.-Inundation of

floodplain is due to the overbank flows from rivers and surface runoff

from surrounding,hills. The flood embankments can protect about 45,000

acres of cultivable lands and will ensure double cropping in most of the

low lying areas which are now being cultivated for aingle crop. Overall

protection from floods hae a psychologicel affect on the minde of tha

farmers who are encouraged to raise crops freely without fear of flood
damage.



fIGURE 1.1 : LOCATION MAP Of THE pROJECT AREA
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Development of the whole Halda valley'comprising of about-84,6DD

impl~mentation. JCHW also suggested construction of two
/ ,

both sides of Halda river for the'lower Haldavalley
J

and recommended -for

large embankments on

1.2 Previous embankment schemes for project area

Between July 197D and November 1970', another study was conducted by

1968 (JCHW, 1968). Their findings were presented in a feasibility report

In a subsequent review of the feasibility report, International 8ank

- ,by Justin - Courtney - Hohlweg - Wetts, (JCHW)', during the period 1965 to

published in May, 1968. In that report a cost comparison was made between

comprising a cultivable area of about 45,ODD acres. The two large polders are

updated in the light of additional available data and the new concepts of

large pumping--plant and -an-alternative plan __which ,included the development

of two atorage reservoirs on the Halda river and the Dhurang khal. The

for Reconstruction and Development (IBRD) recommended-that the report be

shown in Figure 1.2 (a).

embankment for lower Halda vel ley along the right bank of the Karnafuli river,

irrigation by--pumpin,;ralternative was' found--to'be slightly more,'economical

and on both banks of the Khagatia khal as well as Parakhali khal (IECD,1974 b).

International Engineering Co. Inc.(IECD). In that study IECO proposed to provide

irrigation development in the country in the recent years (World Benk, 1975).

on both banks of the Halda river, on south bank of Sonai khal and Sartakhel,

These embankments divided the lower Halda valley into four small polders as

shown in Figure 1.2 (b).

'acres of cultivable-lsndby irrigation, flood~contro£-and drainage' was' studied

'a"proposed' plan for'irrigation by,pumping ,from the Karnafuli river, with a
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fIGURE 1.2: DIffERENT POLDER SCHEMES fOR THE PROJECT AREA

(b) fOUR DIffERENT POLDERS STUDIED 8Y IECD (1970)

~ POLDER - I
POLDER II ,

k&~'«! / ..•..•j, .--...._./,. .. /

~ POLDER - III , \."'~. ,
/

,, , iPOLDER - IV i --.> ,
k~ \

llIllllDill POLDER - V

(a) EAST AND WEST POLDERS STUDIED 8Y JCHW (1968) AND IECD (1974).
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regulators. These regulators are located along the embankment on the

at selected

Sarta 'khal and West Polder by the Halda west embankmentof

khals to the Karnafuli and Halda rivers;

Construction of five cargo-transfer stations

regulator sites;

2)

1) Construction of sixteen gated regulators at the outlets of

During April 1973 throug~ March 1974, a revised feasibility

study wes cerried out by a joint venture of IECD and Rahman and 'Associates

The World Bank (1975),in an appraisal report on-Halda river valley

by pumping this water using low lift pumps (llP) for high yield variety

khals during high tides will .be stored in the khal by operating fifteen

land by surface water. The fresh water 'that enters through the existing

for irrigation on the lower Halda valley of 40,000 acres of irrigable

Finally for flood protection, the consultants proposed to embank the East

the south bank

Polder by right Karnafuli dyke and extended Halda east embankment along

,
which Was completed in December 1975, recommended thet the main components

extended along the south bank of Sonai khal (IECD, 1974 a).

(HYV)'rice cultiuation in dry- seeson. The drainage would be ,accomplished

IECD. -A summary of the ';-app'raisal is as follows (World Bank, 1975 ):

of the project be based on the revised feasibility report- of March 1974 of

.(IECO,- 1974 b). In that _study, they _proposed the most economic plan

-by-operating,c-regu1:ators--alongC-witheimprovement of drainage channels and
' f

by constructing two drafnagepumping plants at the lower Halda~ valley.

,'.khals;--Irrigation water will_be- provided-to"most:of the irrigable eland
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water supply.

polders and

7) Construction o~, flood protection_embankments of about 36 miles
/

with some 'borrow pit areaS to be used for drainage and

excavation of about 6.5 miles of new khals;

2 cfs. pumps (or equivalent) to irrigate the higher areas;

5) Installation of about '710 low lift, diesel-powered 2 cfs.

to raise, water.,from the.khals to adjacent low' farm lands for

irrigation;

It should be noted here that, two pumping plants of 1200~ cusec

pumps (of which about 410-are for replacing the existing pumps)

6) Cdnstruction-of"smaII-earthfill khal' check structures; end

4) 'Twenty 'seven 'pumping stations with'a~total-of-71 l6~'lift,

3) Improvement of about 41 miles of existing khals and the

.As per Appraisal Report, project work started in the year 1975,

and both banks of Halda' river (Oasem. 1984). The proposed embankment designed

except 27 pumping stations and flood embankment on the right bank of Karnafuli

for :50 year floods divide the projact area into two large

and by 1982 almost all the major components of the project work was completed

IECO in 1974 for drainage as well as ,irrigation had not been provided in

the Appraisal Report (Oasem, 1984) •

about 6,000 ft. upstream of the Chittagong Kaptai 8ridge as proposed by

and 800 cusec in east and west side of Halda river respectively, located
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ting the existing village roads (Qasem, 19S4). The roads will have to be

lower

From thiswhich may serve as embankment of less than 50 year flood.

! ,
embankment alignment (Ahmed, 19S3). In 19S2, Irrigation Engineer of IDA

of the-proposed- embankment -.is in- the proximi ty'of the -proposed' earlier

chain of villages along the river banks, highly developed with numerous

Mission, Bangladesh, advised to conduct a survey along the village roads

ment at the very inception of the project. As such the project authority

pucca homesteads, fall' along the 'proposed embankment alignment-(Ahmed, 19S3).,
I

As a result, the affected villagers opposed the construction of the embank-

redesigned and up,graded for _this purpose" ,However, the' modi fied alignment

for deletion of the 'embankment, designed by the-'consul tant and -an' al ternative

had submitted a report to the World Sank Resident Mission in Sangladesh

involve huge construction costs and' veluable land acqui'sition. The

roads parallel to_Halda_river banks can be utilized as embankments along

the east and west floodplains of Halda river to protect the area from

survey it has been found that with partial improvement, the existing village

overbank flows. The east and west flOOdplain of Halda at the

Kaptai road and Chittagong-Rangamati road) running along the east-west direction.

reach of the river are also intersected by two motorable roads (Chittagong-

Dne of the small region on the right bank of Karnafuli river near Chittagong

City is comparatively raised and rapid expansion, of the Chittagong municipal

These roads divide the-area into six small regions-as shown in Figure 1.2(c).

area almost covers the whole compartment. That area can be left without

any flood control embankment. The remaining five regions 'of huge cuI tivable

land can be planned as individual small polders.

--suggestion was-given-to-construct an-embankment-of-reduced'height-by-connec_
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at the road crossings with khals.

,,embankment project.

used as embankment with proper planning to get an economic flood

the area into several small polders, these roads can be economically

methodology of economic analysis of Small Polders Scheme compared to

1.4 Scope and objective of the study

to be constructed by embankments along the banks of "Karnafuli,and Halda

protection for lower Halda valley. JCHW (1968) suggested two large polders

Two reputed consul ting firms have planned _to "provide flood

Large Polder-.Scheme. In Bangladesh,- the existing roads are _generally

flood control projects by a planner. This study will also provide a

polder. This study will provide a helpful guideline in planning future

The purpose of this research is to plan an economic flood

embankment for a floodplain by-sevsral--small polders instead of a large

1.3 The importance of the study

river and IECO (1970) suggested four small polders using embankments

along the banks of Halda river, Khagali khal and Parakhali khal. Naturally

motorable roads csn be utilisad as the secondary embankments. This

the investment cost for small polder system will be comparatively higher.

into five small polders, as suggested in the present study two existing

This involve. additional cost of earthwork and land acquisition for

small polder syatem require a minor cost of a few drainage regulators

secondary embankments along the banks of khals. If the area is poldered

-above the normal flood level and if they croSS_a floodplain dividing
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It is possible to build a large polder on each bank of the

Halda river. Again several small polders may be built on eech bank. The

advantage' of' a large polder"'is economy' in- construction, .bu~dis8dvantage

is that if there is a breach in the embankment, a large area will be

inundated. On the other hand, if several smaller polders arB built in

place of one large polder, the construction cost will be more but in

csse of breach.'in' embankment a smaller sree will be. inundated.- Thus it

is likely thet. a Small Polder- Scheme will- be -beneficial compared to a

Large Polder Scheme because the extent of damage in terms of cropped

area. will be" less for the former scheme.

The objective of the proposed research is to choose from two
/ ,I

possible polder schemes.:!one consisting of two large polders and the

other of five smaller polders in the lower Halda floodplain, the one

that is economically most feasible and technically and socially viable.

The specific-objectives are as follows:

1) Economic analysis of the two flood protection schemes,one

consisting of two large poldere and the other of five

small polders, in terms of benefit-cost ratio.

2) Economic.analysis of-embankments-designed for-50-year and

2S-year flood.

3) Planning of infrastructures, such as embankment and

drainage sluices for both the polder schemes for flood

control and drainage of the project area.

.l
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CHAPTER - 2

DESCRIPTION OF THE STUDY AREA

The Halda unit of Karnafuli~lrrigation Project is to provide

irrigation and drainage facilities and improved agricultural support

services to farms in a net cultivable area of about 45,000 acres in

the lower Halda valley. Irrigation water is to be provided by low lift

pumps...from an .improved khal-system. The khal system will. retain the

tidal recharge coming into the.project area and water level will be

maintained by the existing regulators. At present drainage is provided

by the improved khals .discharging into Hslda and Karnsfuli.rivers.
Almost all the major components of the project work was completed during

! ,
the years 1975-1984 as propo'sed in'the Appraissl Report of the project'.

. I

except flood embankments.

2.1 Location

The project area is located around the Helda tributary of the

Karnafuli river in south east 8angladesh near the'coast of the Bay of

Bangal, some 130 miles from Dhaka. The project area comprises.parts of

the Rauzan and Hathazari Upazillas of Chittagong district. Latitudes snd
o 0 0 0longitudes of the .project area 'are 22 25'-22 35' and 91 45'-91 60' res-

pectively. The project erea is about 9 miles upstream of Chittagong City.
The project location map is shown in Figure 1.1.

Two major motorable roads pass through the project area. These

roads are abovs flood level and can be used as embankments for small polders.

A paved highway from Chittagong to Kaptai cuts across the souther part of



11

the project. Another paved highway, which connects Chittagong with

Rangamati, extends 10 miles up the west side of the Halda valley to

Hathazari where it turns east and crosses the valley. A minor upgrading

of this road ~ay ba- required-to use it as-an=embankment.

2;2 Topography and Geology

The major part of the Halda valley is a wide, flat floodplain

__between thecSitakunda 'Range to the west end the-Chittagong Hill -Tracts to

the east.. In the southern-part -of the valley the lowest land is generally"'

located about midway between the Halda river and the foot of the hills on

each--side. The..:slopes.are-gentle, almost flat. - Elevation ranges' from

about 6-feec (SOB) in-the low- areas to- about 14~feet (SOB)' along the banks

of the Halda and Karnafuli.rivers. In the upper part of the valley the

slopes are more irregular although the variations in elevations are

generally small except near the hills. A large depression, the Boalia Bil,

is located west.of the Halda river and 10 miles north of the Karnafuli

river. The valley floodplain_ narrows gradually upstream from the confluence

of the Halda-river and Dhurang khal.

The hills surrounding the Halda valley and the bedrock underlying

the flood plain are formed by plio-pleistocene sediments consisting of

soft friable sand stones, siltstones and shale. The alluvium in the flood-

plain consists of stream-deposited sand, silt and clay. The thickness is

unknown, but it probably reaches 300 to 400 feet or more in the south

central part of the valley (IECD 1974 b).



2.4 Soils

about 35 miles north of the Karnafuli river. The Halda river, located

on the eastern bank of

12

The Halda tributary of Karnafuli river is a meandering stream

River System

The major tributary khals as shown in Figure 1.1

Soils of the proposed project area are deep and nearly level. Where

Baruakhali khaL. Uhalong khal and Had khal- of the valley discharge into -

desh (SOB) datum. The Hslda river finally discharge to Karnafuli river

/dry season discharges range from 10 to 100 cusecs in dry yesr and from

April. The highest recorded discharge of 30,000 cusecs occured on July

near Modana ghat about 8.5 miles upstream of Chittagong Port. The intrusion

2.3

10, 196B and the corresponding river stage was 38.0 feet Survey of Bangla-

Halda river are; -Oabu khal, - Khagatia khal, Magda 1 khal, Sakarda khal and

approximately in the middle of the valley, receives several tributaries.

khal -is -justoutside-ithe' project. area-;.The- average-discharge of.-_Halda

river at. Fatikchari. gaging- station is estimated- to be 1,090--cusecs-. The

20 to 200 cusecs in the wet year. The lowest flows occur normally in

given in Figure 2.1.

the Karnefuli river. Madari khal, Parakhali khal, Chenkhali khal and Boalia

of ssline water reached about four miles downstream of Halda and Karnafuli

confluence. The location of different hydraulic gage stations are shown in

terraces. Top soil textures range from loam to clay, with silty clay loam

Figure_ 1.1. Typical. hydrographs of Halda river at. Enayathat location is

slight natursl gradients occur, individual plots have been levelled to form

.khal are.major-tributary khalson the westernbank'of Helda river. Sarta

__ -wi th. a~number of- ox"bow-bendsemerging-from the -hi-lIs which are -located



orc,

13

NOV.OCT.SEP.AUG.

5£". OCT. NOV. DEC.

..UL.",UN£ .MAY.APR.

'II -rM-r-:
, ,.m

lilT I , I,,
, Ulld rm:11

FEa."AN.

•• .• N. fEB. MAR APfil. ....AY. JUNf:. JUL. ""G.

I II I . III W T " ""I II :HM -,
I 11

I II " I
! ,

,,
I
'1

fIGURE 2.1: TYPICAL HYORDGRAPHS Of HALOA RIVER AT ENAYATHAT
(AfTER rECD 1974 e)

•

~.""N. FEI. •• AR. APlt . hlA Y . ",uHE. "" AUG • SEP. OCT. NOV. DEC.

, " I I -l I. .1 II I
III I 1\lJ \ D I

H ~qtt-.!-! i , : , f~.11 r 'Ji'J - T" " -
I

!Wi , , I I' !

I i -i -

_'':! 0 I :
I I

". ••• .,. ,." MAY "'UN€: • ~"UL AUG .,. OCT 'O" DO<
II JlI III
VNII III

II .IJI\I

I 1\1IN I!'
I ~ 1111.\ I I

I I 1-l'l\r :
I ,
-r 'I

••

'2
'0

•
•
o-._A

J',.
•
•
4

••-.
-4

~ 12

m I.e
'" •~
~ •
W
W 4

••• •Z
0•••

Z -.e••• -4
~
c:
:>
W" lZ....
W ,.
w •u
"" •...
<r 4:::::J

'" •a:"
0w•.... -.c:

:Jl -.



low to moderate and is excellent for rice production. The area is seasonally

and silty cl'ay being the most common (JCHW, 1968 a). Soil permeability is . /

\14

([lasem, 1984).

Existing Irrigation

Diuranal tidal fluctuations in the 8ay of 8angal causes a back up

LLP for HYV rice cultivation during dry season

provided for irrigation by single lifting, using most of the purchased 800

the khals throughout the project area. At present this surface water is

about 110 inches. Evaporation ranges from 3 inches 'in January to 6 inches

, The project "area has-threecmain'seasons: the monsoon from June to

season. Relative humidity ranges. from 65% to 85%. Annual rainfall averages

March to May, which has thehighest'temperatures and-evaporation rates with

April-May and September-November, periodically cause severe damage along

in temperatures is about 200 F in the dry saason, and 90 F in the rainy

dry season from November to February, which has very little rainfall and

2.6

October, during which about 80% 'of -total annual r'ainfall is recorded; the

in May (IECD, 1974 b).

i I

occasional heavy rain/storms. Cyclones, originating in 8ayof 8angal in

2.S Climate

area is suitable'for transplanted Aman during -the wet,-season-although the

obtained yielda are below optimum.

the coast, west of the project area. Mean monthly temperatures vary between

670 F in January and 830 F in May (IECD, ,1974 b). The mean diuranal range

flooded with depths,.seldom exceedin9.-4 feet ,{IECD, 1974 b). Most of the",

'of fresh' water in the Karnafuli and into the Halda rivers and hence into

-the ,lowest temperature and-humidi ties,- and the pre-monsoon,season, _'from
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in the project area.

I "\. '\

April and harvested in July-

transplanted.August. Aman, the main crOD, is almost always

usually broadcast with the early rains in March

The economy of the Halda valley is very much dependent on agriculture.

Presently existing crops and cropping patterns_ are dictated .almost entirely

by flooding and drainage conditions in wet season and by lack of moisture in

Drainage in the project area is rudimentary. Khals convey excess

2.8 Agricultural-development

Rice is the main crop in the project area. There are three varieties

of rice - Aus, Aman and Bora. Aus, a crop with a short growth period. is

the .higher land in dry season.

Therefore drainage during dry season normally does not present any problem

season since there is practically no rainfall from November through April.

reduction of crop yields. The water levels in the khels are low during dry

areas are thus flooded several times during a monsoon SBaSon with consequent
water to the-principal-rivers; .which are-backed up during-high-tides.-Large

2.7 Existfng Drainage

the khals. About 3,000 acres of higher lands are also being irrigated by

ground water using shallow/deep tubewell (5TW/DTW) in dry season.

Average' command area per2"cusecs -.pump-is about 40 -acres. About .25,000. acres

of low lying land near the khal network is being irrigated by water from

of khals to Karnafuli and Halda river along proposed embankment alignment.

The water is obtained from existing khal network where high tide water

.level is maintained by the operation of 15 gated regulators at the outfall
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BrDadcasted Aman (B.Aman) is SDwn generally in June - July and

Transplanted Aman (To Aman) is transplanted'- a mDnth later; and bDth are

harvested in November - December. However, in some low lying areBS,
t-ransplanting (Aman) is, delayed .until the, mDnsDon, flDDd ,re-cedes,or- if

flDDd depths in July - August destrDY the YDung plants before they become

well established. Boro, which is cultivated with irrigation, is SDwn in

December - January, transplanted a mDnth later and harvested in May - June.

The yields Df local varieties" are relatively IDw: 0.5 tDns/acre,fDr Aus;

0.8.tons/acre' fDr- Aman'-and 0.9 -tDns/acre fDr BDroc( WDrld Bank;-,1975 ).;_The

HYV Aus, Aman and BDro presently give yielde of about 1.0, 1.2 and 1.7 tDne

per acre ,respectively. During dry season Rabi crDps like Potato, Pulses,

Oilseeds and Vegetables -etc; are-_grDwn utilizing--residuel moisture -after

the harvesting Df the rice crop. No, jute is grDwn in" tllis area.

2.9 Present crDpping pattern withDut embankment

The mDst CDmmDn crDpping pattern in the project area is the

cultivatiDn Df HYV-BorD as a single crDp. This is grDwn in medium tD medium

IDW lands by surface water irrigatiDn in dry seaSDn. MDst of the IDw lying

lands do nDt allDw tD gD fDr secDnd crDp.(Aman)._Remaining land Df relatively

less flDDd depth is used fDr T. Aman as a chance crDp. HYV-BDro is alsD

cultivated in the higher land by." grDund water irrigatiDn as these lands are

-cDmparatively -flDDd free. These lands can be used fDr secDnd crDp in the

monsoon for growing Amen rice.

The next impDrtant pattern is the grDwing Df Aman (Transplanted)

followed by Aus in the same field. This is grDwn in medium high tD medium

lands. 5Dme times it is alsD practiced Dn the medium IDW lands, but in that

case Aus is generally grDwn transplanted.
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The third important pattern in the project area is the growing

of transplanted Aman and Rabi crops in the same field. The .fourth major

pattern is the cultivation of three :crops in-a single f'ield"in..a.-year.

The crops grown in this pattern are Aus, Transplanted Aman and various

Rabi crops •

. Present cropping pattern is shown in Table 2.1 and cropping

calendar ~s-shownin.,Figure 2.2.--This' .crop calendar. represents tha

agricultural data published in Upazila Statistics of recent years (BBS,

1985). The present'croppingointensity of the proposed project .area

is'1B1%.
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PRESENT CROPPING PATTERN TABLE - 2.1
TOTAL CULTIVABLE AREA 4S,000 ACRES "( AREA IN ACRE)

ELEVATION BORo(LV/HYV) AUS(LV/HYV) AMAN(LV) RABI
(FT. SOB) EAST WEST EAST WEST EAST WEST EAST WEST

PoLOER POLOER PoLOER POLDER POLOER' "POLOER ".",' PoLOER PoLOER

SoO(LVS) SoO(Lvsi 8oo( LVSB) '70o(LVSB).
S,Soo(HYVS) 3,Soo(HYVS)

:, I , I

S - S

S, SOo(HYV) 4,Soo(HYV) S, SOo(LVS) 4, Soo(LVB)

2, ooo( HYV) 1,000(HYV) 2,ooqCLvB) 1,000(LVS)

S - 10
2,000(LVS) 2,000(LVB) 2,000(LVT) 2,000(LVT)

1, ooo( HYV) 2,000(HYV) 1, omi( LliT) 2,00~(LiJTj

10 - 20 1, ooo( LVT) 2, 000( LVT) 1, ooo( LVT) 2,000(LVT)

2,oOo(LVT) 1,000(LVT) 2,000(LVT) "1,000(LVT) 2,000 1,000

2,7oo(LVT) 1,Soo(LVT)
, '~ ,2,700 1,800

Soo(LVS) Soo(LVS) 2,000(LVS) 2,000(LVB) 11,3000(LVB) fi,200(LVB)

TOTAL 17,qob(HYV) 11,000(HYV) S,700(LVT) 4,SOo(LVT) fi,ooo(LVT 7,000(LVT) 4,700. 2,800

REMARKS

, ,

Bora irrigation
by Burface water

"

Bora irrigation
by ground water

'"~,~

I ' I'

LV - Local Variety, HVV - High Yield Variety, 8 - Broadcast rica, T- Transplanted rice and 5 - Single crop
E~ST POLDER: (1) Single crop - 6,800 acres, (2) Double crop - 17,200 acr~s a~d (3) Tripl~ crop - 2,000 acres
WEST POLDER; (1) Single crop - 4,700 acres,' (2) Double crop - 13,300 acres and (3) Tripl~ crop - 1,000 acrea

7'~

~

~"
OJ
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T. AMAN(LV)

B. AMAN (LvI

fIGURE 2.2: CROPPING CALENDAR,
I

lP - lAND PREPARATION
lV - lOCAL VARIETY

.lVT- lOCAL VARIETY TRANSPLANTED
HYV- HIGH YIELD VARIETY

.
JAN. FEB. MAR. APR. MAY. JUN, JUL. AUG. SEP. OCT. NOV. DEC.
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CHAPTER - 3

REVIEW OF PREVIOUS FLOOD AND DRAINAGE STUDIES

Flood and drainage studies of the project area were done by

JCHW (1968) and IECO (1974). To provide flood protection,JCHW proposed

to construct embankments of 10 yeer return period along the east and

west bank of Halda river. To solve the resulting drainage congestion of

West polder area;~ they~;suggested-a large~ drein""(West' Main drain) c for

the lower area west of the Halda river starting from Chittagong-Rangamati

Highway~ to enter the Halda river ~just_above the Chittagong-Kaptai Highway

~(JCHW~i1968 a).~ ~~JCHW;also",proposed -to"re-excavate the ~~other major channels

to drain the East polder area. They proposed to construct only.five
;
I

drainage structures at th~ embankment'crossing with Had khal, Magdal khal,

Khagotia khal, Dabua khal and West Main drain. Two storage reservoirs

upstream the project area can reduce the peak flow which can be used

for dry season irrigation were also proposed in their development. plan.

IECo (1974) in,their study.also recommended the same embankments

as suggested by JCHW for flood protection but the ~mbankment was designed

for SO-year flood ret'urn period. To solve drainage problem, IECO, proposed

to re-excavate all the existing channels. They suggested to construct

'15drainage~sluices~at the outfall of_khals~ The irrigation~water~ is to

be lifted from existing khal net work by LLPs in dry season.
"

According to the, IECo's proposal, the channels re-excavation and

drainage sluices construction were completed during the period 1975 to 1982.
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3.1 Flood studies

The flood water surface profile of SO-year recurrence interval

Flood frequency. analysis of Halda river at Fatikchari,
i

3. L 1

Major drainage channels and sluices were implemented as per

was obtained from SO-year precipitation record. The precipitation of 1968:.

_ The flood studies of the .project area were doneby_IECo in 1974

IECo's'design. The present study is the extension of IECo's study, as

subsequent articles.

profiles of Halda river for different flood frequencies •. IECo analysed

recurrence. intervals were obtained' from the linear "ratios of- . discharge

was taken as SO-year precipitation. Other profiles for 25 and 10 year

discharges and recurrence intervals of Halda river at Fetikchari is

Over land flow. was considered as the flow over floodplain for a sectional

of SO-year to 2S-year and SO-year to 1o-year at Fatikchari (from Figure

3.1). IECo computed the annual peak discharges of Fatikchari considering

shown in Figure 3.1 •

channel flows as well as overland flows from 1954 to 1969 (IECo,1974 a).

.('rECo, 1974 a). -These studies -were -done' to get the--flood water surface

.'erea.acroes the~length of Halde river at Fetikchari •. Annual peak

..-such IECo' s- studies. on. flood control and"drainage are des'crib'ed.in.the

.----hydrolo9ical. records of dif.ferent_stations- that were- available upto 1969.

.,
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a back water effect from Sarta khal location (Figure 1.1) to upstream.

The proposed embankments along the, lower Halda river will cause

16.50
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511.20
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..,Drainagec area':(Sq'':' miles)

r
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Design discherges

'The SO-year flood:was computed by IECO (1974 a) from a SO-year

The out flow from Sarta khal location was assumed to be controlled by the

river stage as estimated from back water computations starting at the

Karnafuli 'river (IECO;1974 a). A modi fied' flood flow was' considered above

_. Tributary

will confine all the flow. of wide floodplain to a single channel flow of -,

Halda river at Serta khal location. The hydrograph of the modified flood

the Sarta khsl. The modified flow wes considered with embenkments,which

discharge (SO-year flood frequency) at the mouth of Sarta khel was plotted

..

Total Halda river at Sarta khal

Sonai khal

5arta khal

Sua khal

Talpari khal

Halda river at Fatikchari

Durang--kha~_,at'Fatikchari

precipitation considering the. drainage areas of the tributaries of Halda

Fatikchari, Sonai and Sartakhal locations were 31,900, 67,670 and 77,650

river as given below. The computed .50-year flood of Halda river at

3.1.2

(without ponding)' cusecs,respectively;
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assumed to remain constant from Sartakhal to the mouth of Halda river.

/

Flood water surface profiles

The water level in Karnafuli river with a recurrence interval

I
I

PEAK DISCHARGES IN THE HALDA RIVER (IECO,1974 a)

The flood hydrographs for-25 and' 10 yeer return period at

were as follaws~

25 and 10cyears'creturn period',atevarious'points along the cHaldaoriver

ratios at Fatikchari of the 50-year flood peak to the 25-year flood peak

the modified flows (IECO, 1974 a). The estimated peak discharges for SO,

Serta khal were first computed from'the,unadjusted flows using the

as taken from recurrence interval in Figure 3.1 (IECO,1974 a). The

L 0 C A TID N
RECURRENCE FATIKCHARI SONAI SARTA KHAL
INTERVAL WITHOUT PONDING MODIFIEO*

50-year 31,900 67,670 77,650 70,000

25~year 28,000 59,000 68,500 63,500

10-year 22,700 48,000 55,500 50,000

unadj ustedc flow was: considered"wi th 'no-embankment for the area. ,Thase

floods were than routed through storage above Sarta khal to determine

and is shown in Figure 3.2. The peak discharge of 70.,000 cusecs was

* These discharges are assumed to,remain unchanged through the entire
reach from 5arte khal to the mouth of Halda river.

3.1.3

of 50~year would be about 17.5 feet SOB, as obtained from Figure 3.3

(IECO, 1974 a). Of this, about 3 feet rise was considered to be caueed

,.
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fIGURE 3.3. ANNUAL PEAK STAGES Of HALOA RIVER AT ENAlATHAT LOCATION
(AftER IECO, 1974 .j
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by wind build-up and storm surges on the Bay of Bangal. The top of

embankment_in the lower reaches of 'the Halda (Chittagong-Kaptai Highway

downstream )-',andthe-Karnafuli-river' was' selected -at elevation -1B.5,-feet- ' ,
for 50-year recurrence interval (Figure 3.3) with the provision'of

about 1 feet free board. It will provide 3 feet of free board with a

discharge of~35S,000 cusecs ,in the Karnafuli-river with spring tide,

but no wind,-build:-up.:-EmbankmenL heights for -other__flood _frequencies
are shown in Figure 3.4 •

.,/

The water;:::levelof Halda' river upstream of the,Chittagong-Kaptai

Highway was-based on the'_stage-of Karnafuli,'river.,Considering the

Karnafuli river stages for different,"flQod frequencies,;,as~starting

elevations, the bac~water studies were made by IECo for Halda river

starting from Chittagong-Kaptai Bridge. The different parameters for 50,
, I

25 and 1o-year recurrence intervals are as fol"lows:

FLOOD STARTING ELEVATION HALDA LOSSES ANNUAL PEAK DISCHARGERECURRENCE IN THE KARNAFULI THROUGH ,(CONSTANT FROM SARTAINTERVAL RIVER CHITTAGONG- KHAL TO MOUTH OF
KAPTAI BRIDGE HALDA RIVER

50-year 14.S0 feet 0.5 feet 70,000 cusses

25-year 14.30 fest 0.3 fsst 63,500 cusses

'---1o-ysar ' 13.70 fest 0.1 feet 50,000 .cusses

The results of flood water surface profiles obtained from

backwater studies for Halda river are presented in Figure 3.4. Embankment

heights at different points along the alignment can be obtained from that

figure after addition of a 3 feet freeboard for 50,25 and 10 years flood
frequencies.
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3.2 Drainage studies

The drainage studies of the project area were done by .IECD in
1974 (IECo;.1974 a-).These. studies-were_made to..determine the::.economic

feasibility of providing flood control and drainage for the development of

the project. These studies provide the time, depth and duration of floods
(Figure 3.6) of different flood frequencies.

The drainage areas which dictate the East and West Polder are.

shown in-Figure 3;5. The drainage area for East Polder is 70.5 sq.miles

.....which-consists of Drainage. Polder.:.r{-35.4sq; m.i.leshDrai~age.Rolde.r-II

- (21.7 sq.miles) and the Khegatia khel-area (-13.4sq.miles) •.The drainage

area for the West Polder is 74.4 sq.miles which consists of Drainage

Polder-IV (30.0 sq.miles),Dreinage Polder-V (37.2 miles) and the Parakhali

area (7.2 sq.miles). Boundary of drainage areas are shown in Figure.3.5.

Considering rainfall, evapo-transpiration, infiltration and

retention etc. the peak.runoffs.-for. the 3 major storms were calculated

and are presented as follows (from IECo, 1974 a).

E5TIMATED PEAK RUNOFF

PERIOD RETURN POLDER NUMBER TOTAL RAINFALL ToTAL.RUNDFF. PEAK -RUNOFFPERIOD OF DAYS (IN INCHES) (IN INCHES) (CUSECS)
July,1963 7.52 East B 24.26 22.39 10,760

West 8 22.25- 20.20 11,B50
July,1968 50.00 East 7 42.33 40.68 18,400

West 7 43.74 41.55 15,270
August,1969 5.47 East. 6 18.36 17.40 11,540West 6 18.14 17.05 10,610
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operation study •

information of drainage studies made for East and West polders. Four

31

Interior drainage operation studies

....Drainage operation. studies. for. the East. snd 'West polder were

major storms of different flood return periods were analysed to

.Considering all these factors, IECD presented detail

determine the interior flooding pattern that was later used to find

the crop damage. The interior drainage operation for the storms 1962,

That stage station was used as an average for all levels in the Halda

1963, 1968 and 1969 are presented in Figure 3.6 ( a - d ).

were considered in addition to the drainage sluices (shown in Figure 3.6).

(b )~River .stagee,

and Karnafuli river, for the East and West Polders in the'drainage

daily maximum and minimum water-levels. of Halda river at Enayathat.

(d) Oischarges capacity of pumping plants and/or drainage
sluices

(c) Ponding area-capacity relationships, and

The river stages. used in the study (IECD,1974 a), were the records of

In total, 37 and 34 vents (size 5 feet x 6 feet) of gated sluices were
!plenned to accomplish the gravity drainage for East and West polders

respectively. For pump drainage, different numbers of pumping plants

the drainage operation system the foliowing factors were considered
I
I

(a) Storm runoff into the ponding area,

also done for the year 1962 through 1968 by IECD (1974 a). In planning

3.2.2
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CHAPTER - 4

poldering was minimal. Additionsl benefits for.

Analysis of embankment plans

Cost of smbsnkments

The alignment of the embankments were along existing village

~ETHODOLOGY Of ANALYSIS

o

In this chapter the methodology of economic snalysis of

economic analysis of. two embankment plans of 25 and 50 year flood

frequencies Was done. This analysis required the costs of embankment

construction i~l_ud_ing land acquisition and turfing; and ths benefits

different flood protection alternatives are discussed. firstly, the

ment plan wss ba~ed on the hi~her~~nefit-cost ratio. Secondly, the

economic analys1sofsmall polder scheme compared to the large polder. .
at road crossings withr:drainage channels were considered. Since the

which are deriveo=l'~om:-:-incrementa1=.crop production considering with',;

and without embankment conditions. The selection of the economic embank-

the additional cost of

existing roads were used as embankments in constructing the small polders,

. I .
scheme was done. IIIthis analysis an additional cost of drainage sluices

"

one polder. The selsction of the economic polder echeme Wes based on the

small polder scheme were derived from net crop damage which comes from

flood unaffected small polder/polders in case of breach in embankment in

desh practice. The embankments heights for 50 and 2S year flood frequencies

4.1.1

incremental benefit-cost ratio of small and large polders. The ~ethodol~gy

of analysis is brisfly discussed below.

and motor able roads. The embankments sections were designed as per ':.Bengl&'"~"

4.1.
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field' informetions and agricultural data of Upazile Statistics were used

design

The seepage line of the embankment

Net incremental annual benefit

after adding necsssary freeboards

section was drawn using Casagrands method and the stability of

4.1.2

--'---Considering the--land-elevations"f-looding 'dep,th'snd ,avslclabHity

roade. Total costs of smbankmsnts (structuraL. cost) including land acquisi-

were calculated considering the designd ':'section and the existing village

without embankment conditions were calculated on the basia of crop acreage,

to prepsre the present cropping pattern. Gross production values with and

,-
of irrigation water, the-present and future cropping petterns were prepared.

f j

volume of earthwork of embsnkmsnts for 50 and 25 year flood frsquencies

tion and_l;uEfi'lg~w,ere,calculated for both the smbankment plans on the,.basis
o~ ths~pressnt~schsduleof~ratescused-bycBWDB.

,embankmsnt section waa checked by Swedish slip Circle--method.----The---net

were obtained from the flood water eurface profiles done by IECO (1974),

and yield. The cost of production Wae calculated baaed on the cost of

benefit without embenkment condition from the annual benefit with embankment

Incremental annual_benefit Was obtained after subtracting the annual
labour (man and animal), seeds or seedling, fertilizers and insecticides.

condition. Net incremental annual benefit Was obtained after subtracting a

damege. This demage ie considered as the normal snnuel flood damsge. Net

condition, the interior drainage congestion would occur snd cause crop

normal,--annual flood -damage, from incremental- annual'benefi t._With embankment

incrementsl snnual benefit was assumed to be same for both the cases of

embankment plans of 50 and 25 year flood freque~cies.
I
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Benefit-cost ratio

Analysis of smsll polder scheme

Cost of drainage sluices

Cost of drainage sluices are the additional cost (structural costs)

--~_---- The=benefits foreboth-the-embankment-plsns'.-were-considered'"same

snd derived from the ~et incremental annual benefit. The pattern of benefit
! ,.. • I .

build-up Was considered 18%, 33% and 67% in the 4th, 5th and 6th-year of

2% of the capital cost from 4th-yesr of the project life. Considering the

factor were assumed. The operation snd maintenence cost was considered as

Benefit-cost. ratios were obtained from the ratio of present worth

and Engineering and administrative cost of 15% of capital and contingency

The capital costs of embankments plans of 50 and 25 year flood

project life. full benefit Was assumed from 7th year of the project life.

both the embsnkment plans.

costs. In this analysis a three year construction periodand-15% discount

Considering the discounting fsctor and project life, the present worth of

accumulated benefits were calculated for both the embankment plans.

of accumulated benefits tliits corresponding -present--worth of accumulated

costs- for both 50 and 25 year flood embankment plans. The feasible embankment

plan was selected on the basis of the higher benefit-cost-ratio.

4.2.1

of smell polder scheme. The costs were cslculated for east and west polder

erea saparately. By operating the drainage sluices of an flood inundated

-~frequencies- were obtained considering -a-contingency of 10% of--~capitel~cost

-"::ebove~j'acts-LJ:,t1e-p.resentworth -of-accumulated -costs-.werecalculated. "for
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ueing

that the mentioned four storms can cause flood damage.to crop due to interior!. .I

drainage congestion. In/this study, these four storme were used for crop
:' '.,

damage celculation with'embankment and with any breach of embankment condi-

crop damage. Interior flooding hydrographs with embankment conaition were

of a drainage sluice was calculated from existing BWDB schedule of rates.

for the calculation of crop damage by different storms with any

crest elevations of a drainage sluice were selected considering .the.'respec-

The number of vents of a drainage sluice were selected on the basis of the

drainage'area'which is to be drained.by the respective sluice. The_sill and

polder, other emaIl polder/polders can be protected from flood inundation.

tive channel bottom elevation 'and motorable road's top elevation. The cost

four storms of 1962, 1963, 1968 and 1969 were used.to estimate the

tions. The recurrence intervale of four storms were calculated by

Gumbel's asymptotic frequency distribution method. The interior flooding

hydrographs developed by IECD (1974) for different storms were ueed in.the
eetimationof crop damage with'embankment condition.

breach of embankment, the Halda river stage Was used. for each polder, a

duration at these representative nodes for different storms were used in

crop damege estimation. The water leval of representativa nodes were

obtained from the watar'lavels of gauging statione Talpari and Enayathat

considering the slope of the water surface profile end linear interpolation.

" ".representative. nodes with known water level wes.used. The flood .depths and

.---..developed ,.byIECD(.1974)c for.the.period.:".1962.through:-1969. The .etudy_indicate_'~.
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Considering these breaching probabilities, a represen-project.

/

Probability Of_breaching of embankment

The probability of breaching of embankments for the Halda river

4.2.3

velley Was estimated and later used to calculate the annual benefits of

small and large" polder scheme.

The net crop damage by different etorms for each of ,"the small

for probability estimation, field visits-were made to the respective

polder area is the difference between the crop damage with embankment and

-with any,-,breach~of"embankment conditions. The average net,_crop damage,~from

then considered in the anelysis of the incremental benefit-cost ratio of

To get an average probability of breaching of-embankment-for Halda

that would-havec occured -to-these:oflood_protected polders without _the-:small _

other small polders ere saved from flooding. The average net crop damage

If there is a breach of embankment in the small polder then the

small polder scheme.

river valley, the statistics on breaching-of a few embankment--projects _in

Bangladesh were collected. for this study, three embankment projects were

by sita Engineer were collected. After analysing the breaching of embank-

embenkment projects. The information on breaching of the embankment recorded

ments of different projects, an average probability of breaching was calcula-

('"'
II"

ted for each

tative value was selected for Halda river valley for further analysis.

selected. These projects are (a) Gumti flood Embankment Project" (2) Brahma-
-putra' Right Bank-Embankme'nt Project (3) Khowai River Project.

-- four storms for_each small polde~ area was~then calculated.

.'
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were

the inflow to

Reduction of water level at downstream poldere due to
breach in embankment" /

peak flow at the representative node is assumed to be Q1 then

the breached polder to filL the respective storage_ volume is Q2• The volume

small poider'-thedischarge -at the 'representative nodee 'of other -poldere will be
,/~/ . .

reduced by the net etorage capac1ty of the inundated smell polder. 'I'fthe

The additional benefi t of the amall polder scheme depends upon the

considering a contingency cost of 10% of capital cost and Engineering and

Admi~istrative cost of 15% of capital and contingency costs. The project life

in Article 4.1.3. A two.year construction period and 15% discount factor •.•..
\ ':'

was taken on the basis of the selected economic embankment plan as discussed

The additional capital cost of small polder scheme Was calculated

lowered water level ,on other downstream small poldere was studied.

4.2.5'~::~Incremental~benefit~cost'ratio

It WaS ,assumed thet with any breach of embankment of an upstream

,of'Qi was::comp~ted-_by_:..assuming~a-48,'/iour::,:timeperiod'to fill the ,available

storage. -',The-effectof ,the 'reduced discharge,'-(Q1-Qi+with its corresponding

as 1% of the additional capital coet from 3rd year of the project life.

Considering the above assumptions, the present worth of accumulated additional

breach occurs in one polder. The additional annual benefits were calculeted

cost.wes calculeted.

crop damage that would have occured in polder protected from flood when a

embankment. The present worth of accumulated additional benefite

after multiplying the benefits by en average probability of breaching of

calculated considering 15% discount factor.

,were__assumed .in the analysis., The .operation ~nd maintenance .cosLwas _assumed
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additional costs. The selection of economic polder scheme for flood

-,~.•.•. "

I
i

J

f

/

Incremental benefit-cost ratio was calculated considering

protection of Halda river valley was based on the caiculated incrmental
benefit-cost ratio.

:"::_:,'thEi'present~worth, of'::accumulated~additiona.l_ben'efits.and' accumulated
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CHAPTER - 5

The breaching information was collected from BWOB's Head Office

Informetion collected on breaches

'Anslysis of breeching of smbankments

5.1.1

5.1

.,

and from field offices. Annual Report of flood in Bangladesh publishsd by

the river course or due to faulty design and lack of proper maintenance.

flows, due to erosion of embankments by current action, due to chsnging of

however, wheather-breeching of embankmenta were due to overtopping by flood

The records available for the embankment projecta do,not ..specify,

shifting.

the breaching of Brahmaputra Embankment Project waS mainly due to river

To get. en_average- probebility oj'.breaching .of embankments Jor

THE PROBABILITY Of BREACHING Of EMBANKMENTS

projects are .eimilar'tocthst.,ofHalda~River.-Valley __,Pr.oject. It ~is'also

seen that the breaching .of of .,embankments of these two projects are caused
ii,

by structural faults, human inferenca or flood water overtopping. But

very old and provide much information regarding the embankment breaching.

It ie seen, that the embankment length of Gumti and Khowei embankment

in Bangladesh were collected. for this study three old embankment projects

were selected. These projects are (j) Gumti flood Embankment Project,

Halda river valley the statietics on breaches of a few embankment projects

(2) Brahmaputra Right Bank'Embankment 'Project and-{3)_Khowai .River Project.

• flood forecasting and Warnings Cell of BWDB (BWDB,1974) provide the
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upto 1974.

Probabili ty analysis of breaching of smbankments-.-"

on Flood was published in 1974 which contained the breaching information

About 317 years ago, circa 1669, embankments were first constructed

breaching information along,~ith flood damages. The last Annual Report

probability of.~reaching '01'embankment for.cGumti Flood:Embankment Project

To collect the upto-date data on 'breaches' of,Gumti. and Khowai .
:/

ComiUa and.Habiganj. district. No _field-visiLwas_made ,to the site office

embankment projects, field vieits were made to the office of the Executive

the information available upto 1974 in Annual Report on Flood Was used. The

of breaching of embankment for Brahmaputra Right Bank Embankment Project,

of this project is..about four times greater than the embankment length of

Halda c.river valley •.: 1'I0reover,the~breaching -of.'BrahmaputracRight Bank

of. Brahmaputr,!,Right:;.Bank--Embankment,Project. The..lengthcol';;:embankment

Engineer of Comilla 0 and 1'1Oivision'.and Habiganj.Oand 1'1Oivision in

and Khowai River Project Was calculsted based on the deta avsilable upto
19B6, collected after field visit.

5.1.2

breaches of Brahmaputra Right: Bank Embankment. Project were'considered
, ./

different from that 61'Halda river valley. To calculate the probability

5.1,2;L Gumti Fl60d,Embsnkment'Project

length is about 42 miles starting from upstresm high grounds of Indian border

on both sides of the Gumti River in ComHla district. Ths total embankment ..

to Jefargang (Ali,19B3), Following the record flood of 1956,the embankments

" '-.--:Embankment'Project are..crilainly:.because.col'C'river'shif.ting~as"such~natute. of
i
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ware strengthened,the river channal alignment was improved by shortaning

the courses of loops, and the flow saction was incraased through lowering

of tha channel bad by dredging. This work was complatad in 1957 - 1958

(EPWAPDA, 1965). In 1976, the Dumbur Hydro-Electric Project Wae completed

in India, which now completely controls" the monsoon flood of Gumti (Ali, 19S3).. -; - - ..

The ambankment sections were dasigned based on tha 77 years flood records

and .-200-year flood frequency (EPWAPDA, 1965). The design sections of 14

feet crest -wiatn,:~:3:1 (H:V) side :elopes on both sides, 1:0.00001 longitudinal

slope and 5 feet frea-board are maintained by proper yearly maintenance
I

work (Ali, 1983).

8reachings.pf embankmants during the 81-year period, starting

from 1906 through 1986,:occurred in 45 years (Ali, 19S3)•.8reachinga of the

embankmants during 53-year from 1906 through 1958 (resectioning completed in

1958) was a recurring feature and the probability of breaching in any year

was 0.74 (Table 5.1). The probability of breaching in any yaar from 1959 to

1976 (completion of Dumbur Hydro-Elactric. Projact in 1976) was 0.22(Table 5.1).

The probability for the period of 10-yaar from 1977 through 1986 was 0.2.

Coneidering the total project life the average probability of breaching ia

0.56. But considering the pariod before the completion of Dumber Hydro-

Electric Project,' the average probability ia 0.61.

5.1.2.2 Brahmaputra Right Bank Embenkment Project

Conatruction of the Brahmaputra Right Bank Embankment project wae

started in 1963-64 and was completed in 1967-68 (Rahman, 1984). Under thie

project an embankment having a length of 135 milea from Kaunia in tha

district of Rangpur to Bera in the district of Pabna Was constructed along
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5.1.2.3 Embankment of.Khowai River Project

.I

The embankmenta of Khowai River Project was_planned on.both.,banks

of the river for e total length of 78 miles in the Hebiganj district. In total

about 38 miles of embenkments were conatructed during the 9-year.period from

1971-through- 1979 (Habiganj W.D •.Division, 1986). The embankment waa deaigned

for'50-year flood frequency' with-a crest width 'of 14 feet', country side slope

of 2 to 5:1, river side slope of 2 to 3:1, and free-board of 3 feet (Sarm
Associates Ltd•• 1974).

It seems that the breaching--of the 8rahmaputra- Right' 8ank

Embankment occurred in'1970, 1972-and 1973.(8WD8, 1974). The probability of

breaching of smbankment for 7-year period from 1968 through 1974 is 0.43
(Table 5.1).

The breaching of the embankments occurred in 1982, 1983, 1984, 1985

and 1986 (Habiganj W.O. Division, 1986). The probability of breaching in any

year for 8-year period from 1979 through 1986 is 0.63 (Table 5.1).

.part of Teesta and 8rahmaputra right bank. The embankment Was designed for

100-year .flood frequency with the crest width varying from 14 feet (52 miles

.of..embankment' downstream of-'Kaunia) to 24 feet -(for theresb embankment).

The side slopes for whole length of the embsnkment was taken as 3:1 (H:V).

The free-board was taken as 3 feet for a distance of 23 miles of.embankment

downstream of Kaunia and 5 feet for the rest of the embankment length.

Construction. o'f-.25miles-'or--nelirembankment- (an-upstream-embankment -in addition

.to .13S._miles);9;S_-miles:of'retired-embankment, .-25.miles '-of.drainage .channels

and 110 feet of protection w~rk were completed during the period 1974 to
1978 (Rahman, 1984). ~Now the total_length of embankment is 160 miles.



PROBABILITY OF BREACHING IN ANY YEAR

(2) 8RAHMAPUTRA RIGHT EMBANKMENT PROJECT

TABLE 5.1

REMARKS

, 47

RESECTIONING COMPLETED
IN 1958

DUMBUR HYDRO-ELECTRIC
PROJECT CDMPLETED_ IN
1976-IN-'INDIA

0.20

0.22

0.43

0.63

.0.56/

3

5

/
/ .2

!

,45
I

/

39

4

!

7

6

10

81

(1) GUMTI FLOOO EMBANKMENT PROJECT

Average

1977 - 1986

195-9- 1976 1B

(3) KHOWAI RIVER PROJECT

1906 - 195-B 53

196B - 1974

1979 - 1966

PERIOD OF YEAR OF YEAR OF PROBABILITY OF
---RECORD :-RECDRDS '-_-'_BREACHES_-~--BREACHING IN

"ANY YEAR



characteristics I.e. flood. water overtopping but is also related on

breaches the minimum average probability of~ breaching Was found as,O.4
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Selection of an average probability of breaching

from the analysis of the probability of breaching of three old

5.1.3

breaching Can ".be~takenras'~O.25; --These- two~ probabilities~were~considered

in the economic analysis of Halda river valley.

approximately. This can be taken as the normal~breaching_probability of

embankments 'projects ~~iri_8alig-ladeshc-(-sho",n~in ~Table 5.1), j,t Can be. seen

that the lower and upper limits of avera~e breaching probabilities are

was 0.22. Hence --with proper design and maintenance the-p~obability of

0.43 and 0.63 respectively. Considering'the past record of embankment

failure of embankment depends not only on the hydraulic

5.2 Reduction of water level at downstream polders due to
breach in embankment

seepage action and-structural fa~ltsetc. If an embankment is designed

for 50-year flood recurrence interval, it means that the design height

50-year return period plus a free-board (almost 3 fee t). Now,theoretically

~embankmentoin 8angladesh.~from Table 5.l,.it can .be seen~.that:withpr<:lP_er.~~~::"'::::

resectioning the probability of breaching of Gumti Embankment Project

of embankment is equal to the height of a peak-flood water-level of

the design embankment height including free-board. On the other hand,

a flood of 50-year recurrence interval. The embankment may fail for a

it Can not be said that the embankment will fail due to overtopping by

the embankment may fail for reasons like severe seepage action or

flood of more than 50-year return period which will be able to overtop

structural faults etc. for a flood of less than 50-year return period.
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Assumptione on flow cheracteristice of Halda river

Polder-III and polder-V. loceted--o upetream of 5ertakhal mouth

5.2.1

considered. Net storage capacity of inundated polder ie the water volume

were designated as upetream poldere; and other poldere were designs ted as

downstream polders. The breach of embankment of upstream polder was

waS analysed. Also this study was baeed on the water surface.profile(fig.5.1)

..The study. was limited.only -on ths breach of embankmsnt of_upstrsam

polder-III or polder-V. The reduced flood flow for ell the downstream poldsrs

mainly on the-reservoir capacity of the inundated polder •

magnitude of flood 'flow reduction may be negligible or eignificant. depending

that will reduce flood level for the subsequent downstream polders. This

,occurrence of this event was assumed to happen at the peak discharge and

upstreem of-5artakhal mouth, will withdraw a discharge for e time span. The

five amall polders as proposed in this study with their net storage

capacity. may_ influence tti"flow of peak flood discharge. of Halda river. Any

breach of embankment of~'"upstream-,.'-'Polder-Ili or. --polder-V•...., just
!

10-year-recurrence intervals respectively. The water surface profiles of

estimated to be 70,000 cusecs, 63,500 cusecs and 50.000 Cueece for 50. 25 and

to give the Halda flood discharges at 5artakhal. The discharges were

developad-'by IEeO -(-1974)._ floode -from aach -of. the tributary-were---combined

The hydro9raphs for each of the tributary areas '.'upstreamof the

mouth of 5artakhal for recurrence intervale-of SO, 25 and 10-year were

.determined,_using design precipitation and.unit hydro graph of each tributary

- for -different peak -flowe.
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of that polder upto the equilibrium water level after any failure of

embankment-, considering polder interior normal water level - before breaching

_. The._following assumptions were made in analysing the effsct of a flood

for the downstream' polders for any--failure of _embankment.-of.any .of the

upstream polders.

1) A discharge of Halda river for any rsturn period is.-assumed to ..

remain constant,. from Sartakhal mouth to the confluence of Halda

=:~Tiver and Karnafuli.,river. AnYo.reduction..of ..discharge ..from. this

_reach of .the river will influence the subsequent downstream

'polders'. An~all.erage~flow is. -considered for' 48' hours for Halda river

,~':.which"is -theypeakcdisc;harge'-( Q1 ). of'_a'par.ticular-,-,return period.,

2) Failure of embankment of any upstream polder'wilF'start'at . the-time

of peak discharge. Inflow to the polder will continue for 48 hours.

3) An average inflow (Q2) to polder is considered based on the net

storage capacity for--an-equilibrium. water level. Downstrean flow

direction-of Halda river is considered as a positive-flow.

4) The reduced discharge (Q1 - Q2) will influence the' downstream

polder for their corresponding water level.-

5) In_no. case theointerior~waterlevel on inundated polder will be

higher than the exterior watsr level (river stage) during selected

, 48 hours. That is, no return flow from polder is considered in

analysis.

6) Net storage capacity of the inundated polder will neve r be less

than- the volume of water entering into the polder in the specified

period.



22.0 feet otherwise backflow_will occur.

Analysis of effect of breach
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The effect of breach .of embankment in upstream polder on downstream

5.2.2

Polder-II~ will. start at the peak discharge and continue for 48 hours. The

water level is 22.0 feet at the mouth.of 5artakhal for the corr~sponding

,
After a breach when no flow occurs from river to polder or vice versa,

As_a trial the .equilibrium water level was-assumed to be 21.0 feet.

elevation of the storage volume of water in Polder-III, should be less than

discharge was found (from Figure 3.6, 3 of 4) to b~ about 12.5 feet. The

flood discharge on downstream protected. polders" It was considered that

50-year flood recurrence interval wes used to analyse the effect of reduced

, .
interior water level ..::before breaching of Polder-III at the time of peak

polders. is .presented by.a set .of...sample.~calculation in~this".article•..A

discharge of 70,0.00 cusecs. It Was.assumed that.the embankment. of Polder-III

breach of embankment of Polder-III (smallest upstream polder) by.~ flow of

the corresponding water level has been defined as equilibrium water level.

are. 12,000-acre-ft. and 54,000 acre-ft. (from 7.3). The net storage capacity

The.storage. capacity of Polder-III for 12.5 feet and.21.0:feet elevation

of Polder-III is 42,000 acre-ft. Therefore, inflow dischsrge to Pold~r-III ,....

Q:i..is 10,588 cusecs. The net downstream flo.••is (Q1-Q2) 59,413 cusecs. The

corresponding water level at the mouth of 5artakhsl is about 20.50 feet

flood recurrence intervel. The flood of 25-yeer recurrence interval is

(from Figure 5.1) which corresponds to a discharge of less than 25-year

.70,000. cusecs.(Q1) peak disc:harge will .flow.(in Halda river) from 5artakhal
.::::...::.mouth ::tothecmouth,of Halda~river •.~From Figure :5.1, it cen-be:...seen .•..that
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63,500 cfa. and the corresponding water level is 21.05 feet. With

further trial the actual equilibrium water level can be achieved. It

can'.be obse-rved :that the,residuaL:1'lood. :discharge' wi th any.'breach, of

embankment of Polder-III will be the flood of less than 25-year

recurrence interval.' The water levels for the representative nodes

(obtained from figure 5.1) of downstream polders are given in Table 5.2

with corresponding flood recurrence intervals. With the similar

'procedure, the .weter-levels for the" representetive-nodes, of, downstream

poldere with the. failure of embankment of, Polder'-V.were calculated and

given in Table 5;2.

The analysis indicates that with any breach of embankment of

Polder-III the flood of50-y,ear recurrence interval' will be reduced to

a flood of 25-year ,recurrence interval for the downstream polders.

That is the chance/of failure of embankments of downstream polder is

reduced by 50 percent. Similarly with any breach of embankment of

Polder-V, the flood of 50-year recurrence intervals will be reduced to

,a flood of 18-year recurrence, intervals for downstream polders. That

ie the chance of failure of downstream polder embankment is reduced by
36 percent.
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REDUCTION OF WATER. LEVEL' AT DOWNSTREAM POLDERS, TA8LE 5.2
bUE TO BREACH IN EMBANKMENT', "f' I ""

, .. " - :'::'1 I ',' , .,
i .' j,1) WITH ANY BREACH OF EMBANKMENT OF UPSTREAM POLDER-III (SMALLEST' POLDER)

I!"I I .

,HALDA RIVER AT AT REPRESENTATIVE AT REPRESENTATIVE AT ,REPRESENTATIVE AT REPRESENTATIVE
SARTA KHAL NODE OF POLDER-II NODE OF POLDER-IV NOBE' OF 'POLDER-I NODE OF POLOER-V

(OUTFALL OF MAGOAL (OUTFALL OF MAGOAL (CHITTAGONG-KAPTAI (HALDA RIVER AT
KHAL) KHAL) BRIDGE ) SARTAKHAL )

STORM >- " >- " >- " >- " >- "U 0 U 0 U 0 U 0 U
0
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0 HU f-_ 0_ H Uill f-~ 3;'7' HU f-_ o~ HU f-,",
-' « -' o~ « ,-' o ~. « 0_ « -' 0_ ~.\,."- " "- " "- ." ,'3 L...," . '3 "- I"50-YEAR FLOOD 50 ?~,OOO 22.DO 25 63,SDO 17.25 25 63,509 17.25 2'5' 63,500 14.60 Less

FREQUENCY than- 50
25-YEAR FLOOD 25 63,500 21. 05 17.556,750 16.65 17.5 56,750 16.65 17.556,750 14.20 Less
FREQUENCY than 25

2) WITH ANY BREACH, OF EM8ANKMENTS OF UPSTREAM POLDER-V ,\ '

.' I il II

HALOA RIVER AT AT REPRESENTATIVE AR REP'RESENTATIVE AT' REPRESENTATIVE .AT REPRESENTA11VE
SARTA KHAL NODE OF PDLOER-II NODE'DF POLDER-IV' NODE Dc POLDER-I NODE OF POLDER-III'-

(DUTFALL DF MAGOAL (DUTFALL "OF MAGDAL (CHITTAGONG-KAPTAI
KHAL ) KHAL ) BRIDGE)

50-YE.4R FLOOD 50 70,000 22.00 18 .56,900. 16.70 1B 56,900 16.70 18 56,9DO 14.25 Less
FREQUENCY than 50

U1
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,'- ')-
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CHAPTER - 6

-PLANNING AND DESIGN Of EMBANKMENTS AND DRAINAGE SLUICES

The planning-of embankmants are based on the existing-village

road alignments and drainage sluices are based on the number of crossings

of channels with existing Chittagong-Kaptai and Chittagong-Rangamati road.

The embankments of SO and 2~year flood were designed to provide the

adequate sections to reeist the.corresponding.peak_floods.

6.1 Planning and design of embankments
I

6,1.1---Embankment-.al-ignment

The embankments-alignment. for lower Haldaefloodplain wae proposed

by IECO in 1974. The proposed embankments for the lower Halda valley

empolder Halda Eaet Polder and Halda West Polder on east and west side of

the Halda river respectively. A survey was done by BWDB along the existing
village.roads._ which are in the-proximaty of.the proposed embankment

alignment. This Was done to reduce the cost.of embankment, as because the

modified alignment saves the cost of existing acquired. lands_and existing

earth work volumes. from the-survey data it is observed that the modified

alignment is sufficiently far away from the existing stream line. The set

back distance varies from 400 feet to 3,000 feet; The mofified alignment

was besed solely on the use of the existing village roads and hence reduce

-the cost of land acquisition and earth work volume.

The approximate crest elevations of Chittagong-Kaptai road and

Chittagong-Rengamati road were found to be 20.25 feet and 24.0 feet (JCHW,

196B b). Since the SO-year flood level at Enayathat is 18.0 feet, the
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Chittagong-Kaptai road can safely be used as embankments of more than

50-year flood frequency. Considering the flood level (50-year) at Sartakhal

as 22.00 feet the-Chittagong-Rangamati road can also be used as embankment

of 50-year flood frequency with ari-additionar2. 0 feet height of:free-board.

The additional height of 1.0 feet of earth work is necessary to give a 3.0

feet free-board and will be required for about 2 miles. This earth work

cost is ignored.

6.1.~' Deslgn-of~embankment-cross-section

6.1.2.1 Embankment crest profiles

The,-embenk~ent.crest :-profiles'_were~obta:iried,from.:::flood~water

surface profiles of'-Halda'river developed by rECD,(1974), considering a

free-board. The flood water surface profiles of 25 and 10-year flood

return periods were obtained from the linear ratioe of peak discherges

of SO-year to 25-yeer and 50-year to 10-year at fatikchari station. To

update the analysis of-rECO (.1974).with recent data, a curve of recurrence

intervals- annual peak discharge at Fetikchari on_Halda rive~has been

drawn. To draw this curve with recent data, a rating curve of discharge _,

elevation' hes been drawn (Figure 6.1) for-the period 19S4 through 1969,

for Fatikchari. The peek annual, discharges of channel- and overland f1-o,"s
for'the period ,1970 through 19S1'cwere obtained, from the 'rating curve for

their corresponding peak elevatione. This was necessary because the

aveilable discharge data at Fatikchari coneists of only the channel

discharge and the overland flow could not be estimated. The present study

wae baeed on recent data after the conetruction of Kaptai dam in 1962 for

oII
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the period 1962 through 19B1. The recurrence interval of each annual

peak discharge has been calculated and is given in.Table 6.1. A curve

for recUrrence interval with the corresponding discharge has been drawn

snd-is' shown in Figure 6.2;---This curve is slightly deviated (-less~than.10%!

from the curve of rECo's study in the region of interest .beyond 10 year
recurrence interval. This deviation has not been considered significant

to change. the computed flood discharge and water surface profiles of Halda

.-~~river for:-50-year-r-25'-year-and: 10-year---flood--frequenciesdone by -rECo (1974-).-

The embankments heights of SO, 25 and 1o...,yearflood frequencies

can ..be obtained-after adding-free-boards with corresponding-flood watar
'.~":'"-heights. 'As--'in:B,,(igladeshthe-embankments are'designed for -SO and--25-year

flood frequencies, theee two alternatives_ Ware considered. in this analysis.
J

6.1.2.2 Embankmant crest widths, side slopes and free-baards

JAs the the embankment. is the substitute a~ village roads,naturally

it requires sufficient.crest width that will pravide-vehicular mavement. Tha

widths ware assumed ta be 14 feet in both 25 and SO year flaod embankments.

The sida slapes-were cansidered-accarding to the Bangladesh practices, used

in Caastal Embankment Praject. For Karnafuli dyke the side slapes ware taken

as 1:2 (cauntry side) and 1:3 (river side). 5ide.slapes were taken 1:2
(cauntry-side apd river side) far.all ather.embankments.,

The freebaard of Karnafuli dyke upta Madnaghat bridge was assumed

ta be 3.5 feet and the freeboards _ for all ather embankments of HeIde river
r •

dyke end ather streams dykes were taken aa 3.0 feet far bath SO-year and
25-yeer flaad frequencies.

,
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Fon THE PERIOD 196::? THROUGH 1969 l!/AS(IECO. 1Q7t, 8).

FOR~ THE PERIOD 1970 THROUGH 1981
N+lFORMULA FOR RECURRENCE INTERVAL = -M---

M = RANK OF DISCHARGE, THE LARGEST QISCHARGE GIVEN A RANK OF 1
N = NO. OF YEARS OF RECORD

*1 CHArJNEL PLUS OVER-LAND FLO~u
CI\LCULATED BY CONSUL TIHHS

*2 ..CHAN"EL PLUS OVER-LAND FLOW
OBTAINED FROM FIG. 6.1

*3

MJNUflL PEM{ DISCHARGE flrJD RECURRENCE INTERVALS OF TABLE 6.1HALOA RIVER~AT FATIKCHARI

DATE MI\XIMUM 'dATER LEVEL CHANNEL' CHArJrJELPUB' RANK RECURRENCEYEAR
DISCHARGE 'OVERLAND~:. r, INTERVAL '*'3(FT.SOB) ( FT .'PII!O) (CUSECS) DISC;CUSECS (YEARS)1962 Jun.10 30.68 32.18 13,000 -!! 1 13 1.621963 Jul. 13 34.73 35.51 7.1,000 3 7.001964 Jul. 30 30.42 31. 9.? 11,700 lS 1.401965 Jul.8 32.7t, 3,-"1. 66 7, {116 .17,000 9 2.33

1966 , Aug.25 32.54 .. 34.66, 8,e99 . 1El , [JOO B 2.631967 Jul. 9 30.71 32.22 6,922 0,700 19 1.111968 .~ Jut. 10 37'.99 39. JS 9,535 .30.000 21.001969 Jul.18 ;3'4.09 34.60 9~323 '19,400 4 5.251970 _~ Jul.24 34.15 .35.65-- -16,080 ---18300 -Y.-2 7..~ 3.00•
12,000 ~------- ..

. -, ~1971~ ':Jun.28 "'31. n ..32.73 14 .1.50f1972 Jul.?1. 29.37 - 30.07 7,981 .9,000 18 1.17I1973 Jun.1R 28.06 i ;:9.56 5,.103 7,700 20 1•[J!'i1974 Jun.?? 34.21 i 35.71 13,596 1S,OOO 5 4•..20
,,1975 Jul. ?f3 36.99 38.49 14,585 ?7,000 2 10.501976 Jun.11 35.93 37.43 15,397 18, SOD . 6 3.5,1977 Jun. 2~ 33.05 311.58 14,903 16,000 10 2.11978 Sep.2S. .32~S9 '34~09 26~874'. 15,DOO 1/ 1.751979 Au9.21 32.85 }11.35 6 ..nD6 15,500 11 1.911900 Jun.7 30.0:::' 37.32 10.600 17 1. 7.4-1981 Jul. 5 31. 11 37.61 11,500 16 1.31
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6.2 FLOOD FREQUENCY ANALYSIS,OF HALDA RIVE~ WITH UPDATED DATA
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6.1.2.3 Seepaga analysis_ of/~mbanknent cross section--

For the seepage analysis of the,embankment, the',,'average cross-

section for most' critical condition--ofH.F.t'. -iif-5D-yefar-flood-'fraquency
was takan. The phreatic line of the embankment section is drawn using
Casagrande's ~ethod, assuming the phreatic line to be a base parabola with

its focus at the downstream toe. The phreatic line must emerge out

--,-~tangentially -at-some-point-above -the-downstream-toe.~' The-distance "a"

,seepage discharge face and that zone always remains wet. The distance "a" was

-~""_~determined by-Schaff'ernak's_cAnalyticaL~ethod~(-flunmia;-1981). Phreatic line

of the embankment cross~section is-shown in Fig~-6.3.

6.1.2.4 Stability of embankment slopes

To test the slope stability, the generally accepted Swedish Slip

Circle ~ethod of stability analysis was used, (Punmia, 1981). In this method

the potential failure surface is assumed to'be cylindrical, and the--factor

of safety against sliding is defined as the ratio of the average shearing

strength, as determined by the Coulomb's equation (S=C+ (tan <t') to the

average shearing stresa determine by statics on a potenti,al._sliding surface.

"-,- The locus of the slip,circle waa--determined,by using Fallenious

~ethod (Punmia 1981). Considaring the critical condition, a slip circle

was drawn just touching the embankment toe on the land side. All

calculations of slope.stability based on Figure 6.3 and 6.4 are shown in

Table 6.2. The factor of safety against sliding wes found to be 1.82,
which is considered aufficient.
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TABLE 6.2SLOPE STABILITY ANALYSIS ,-I ,

LAYER SOIL UNIT WEIGHT SOIL UNIT COHESION cP ,i,(L8S/FT3) C,(L8S/rr2) I

LAYER-I 200 0 3So "'° ',LAYER-II 11S 200 18 ,, °LAYER-Ill, 115 400 ., '~ 0--
I

LAYER SEGMENT VERTICAL 0<:- T N '1\ N Tan q> , C AL C. ALNO. NO. FoRCE,W ( W Sino<:.) (W COB DC)

48.58° -'-~35° 1667.781 4032 3023.S2 2667.47 0 9.18 0I '2 4320 38.66° 2698.69 3373.34 3So 2362.04 0 - 03 3200 29.90° 159S.16 2774.07 3So -'1942.42 0, - 04 800 22.62° 307.69 738.46 3So 517.08 0' - 0; ~,

38.66° 18°
,

2002 143S' 896.44 1120.54 364.09 6.80 1360.003 2670 29.90° 1330.96 2314.61 18° 7S2.06 200 4.70 940.004 2760 22.62° 1061.S4 2547.69 18° 827.79 200II 5 2300 16.26° 643.99 2208.00 '8~ 717.42 2006 1380 9.46° 226.82" " 1361.23 18 442.29 2007 460 2:86° 22.9S 459.42 18° B~.27 200
4 740 '22.62° 284.62 683.08 0° 0 400 4.S7 1828.00S 147S 16.26° 412.99 1416.00 0° 0 400 4.24 1696.006 1935 9.46° 318.03 1908.69 0° 0 400, 4.10 164o.Do7 2118 2.86° 1OS.68 211S.36- _0° ,0 400 -4.o3 _____ 16.1~;00,~..3.81° (-) 146.72 o 'j 18 2208 2203.12 o 0 400 8.08 '3232.00

~T=12, 782.36 ;E(N.Tan<\» ~9,942.24 • I :E (C. D.L)=13,308.00
:E (C.AL )+ ~(N. Tan <\»= ..

23.250.24 ....
F.S = T ,l'i 12,782.36 = 1.82

..,.~
!

NOTE: SWEDISH SLIP CIRCLE METHOD OF SLOPE STABILITY ANALYSIS~; .
'LOCUS of'THE SLIP CIRCLE CENTER 8Y FELLENloUS METHOD.
SOURCE OF t, C AND <t>-VALUES FROM BANGLADESH - NETHERLANDS JOINT PROGRAMME,
DELTA DEV. PROJECT, 1985•

~t

'"".
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6.1.3 Cost of embankment 6~nstruction

6.1.3.1 Earth work in existing roads

The use of the existing village roads as embankments have reduced

the amount of earth work of proposed embankment. A survey was_done.by 8W08

along the alignment of existing village roads which modified the proposed

--aYlgnment.-of.the-embankment-as-suggested by.IECO. -The-earth-work-volume of

- the-exi"ting. village- roadswer,Vcalculated-wi th the.available--cross-sect~ons.:~.~~

and road profiles. These calculations are shown in Appendix-A. The total
volume of -.earth.workof the_existing road is 85,12,000 cubic' feet. It Was

'''."'::-also"found-that-:lengths.of.embankments for -East_Polder snd.West ..Poldsr -were

22.76 miles and 19.89 miles respectively. Total length of embankment which! .'
needs to be developed is 42.65 miles.

6.1.3.2 Earth work in proposed embankments

The amount of esrth work_ for the pI'oposed embankm~nts. were

calculated for flood frequencies of 50-year and 25-year. These.-calculations

are based on theselected."flood water surface profile, side"'slopes and
'-free-board.

Earth work volume for 50-year and 25-year flood frequencies have

been found.to .be 13;69,88, DOD and 11,99,-60,ODD' cft; .'-respectively;-'The

esrth work volumes are shown in Appendix A. The net earth work volume for

50-year and 25-year flood frequencies "'of the proposed embankments are

12,84,76,000 and 11,14,48,000 cft. The cost of net earth work volume were

based on the present schedule of ,rates (8W08, 1986) used in Chittagong
o and M Circle. The coats are shown in Table 6.3.



~MBANKMENT COST SUMMARY

....••"
TABLE 6.3

QUANTI TV _,_
SQ-YEAR FLOOD 2S-YEAR FLOOD UNIT-,-
FREQUENCY FREQUENCY _

ITEM

EARTH WORK-

LAND ACQUISITION

TURFING

12,84,76.440 .11,14,48,560

140 104

270 243

Cft.

Acre
Acre

I,;
ri.

UNIT COST
(TK.)

0.36

9S,OOo.00

3,660.00,1.

Total

i: -
II :,

COST (TK.
SO-YEAR FLOOD
FREQUENCY

4162,51,518

1,33,00,000

9,~8,200

6,05,39,718

2S-YEAR FLOOD
FREQUENCY

4,01,21,482

98,80,000

8,89,380

5,08,90,862

()\
()\

•
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6.1.3.3 Land acquisition and turfing costs of embankments

It was reported by sita Engineers that only 68 acres of additional

----land will -be required- for- 100 feet--right 01'-way--of -embankment fAhmed,--1983).

That is,in total 517 acres of land is required for right of~w~y (100 fe~t) of

42.65 miles embankment. Therefore, the above raporting indicates, that a net

449 acres of land will not be required to acquire for 100 feet right of

way~ Tha 449- acres' 01'-land -is the right of way of existing village- road" •

.The--right of way 01'25 and 50 year flood frequencies' embankments were

calculated on the basis of an average cross-section of embankment and an

---~average_cross-section-:-of~_ borrowpi t~ It-waa-:asaumed that--the fi-:1-1section

will be equal to the cut section. An--average right of way- of-entire-42.65

milea length was calcuiatedas 114 feet and 107 feet_ for--.embankment of

50-year and 25-year flood frequencies. A typical cut and fill section

for embankment is shown in Figure 6.S. A total of 140 and 104 acres of

land will have to be acquired for the embankments of 50-year and 25-year

flood frequencies respectively (Table 6.3). The cost of land acouisition

based on the present local_price are Tk. 13.30 millions and Tk. 9.88 million

for 50-year 'and 25-year flood frequency embankments.

Turfing Was considered necessary to reduce the solI erossion on

inclined. sides of the embankments. The turfing areas are 270 acres and 243

acres for embankment of 50 and 25-year flood frequencies. These costs are

also given in Table 6.3. Total casts of embankments construction are

Tk. 60.54 millions and Tk. 50.89 millions for 50-yaar and 25-year flood
frequenciee.
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.- ---drainage- sluices.of .sufficient .capacity,,,,at.road_crossings _of the :existing

69

Location of drainege sluices

In 'order,to-operete the small polders .as independent_units, six

polder will not affect, the others. East Polder consists of Polder-I (11.8 sq.

drainage canals, these 5 smell polders cen be made to function-independently.

floodplain are towards the Halda river as well as the Karnafuli river. Two

6,.2 Planning of drainage~'sluices for small polder schemes

motorable roads,Chittagong-Kaptai and Chittagong-Rangamati Highway; intersects

Halda-floodplain_( lower reach) into six'small-zones;-'The proposed 'embankment __
' ,

along Halda river banks and-the existing roads make-5 'polders-(-excludingo'ne'---

With the proper operatio'n of drainage-sluices, the-.inundation of any,smell

zone under Chittagong municipality area) of cultivable lands. By providing

river. The'floodplain is also laterally sl,:,pedtowards the Halda river which

flows through middle of the plain. Naturally drainage discharge of the ,'C'.

The Halda floodplain has a longitudinal slope towarda the Karnafuli

miles' drainage area) and Polder-V (22.0 sq. miles drainage-area) ae.eho"," 1n
Figure 6.6.

6.2.1

drainage 'sluices are required at the roads crossings'of the existing 'drainage

channels (Fig. 6.6). The drainage sluices at the Chittagong-Kaptai roed

miles drainage area), Polder-II (41.15 sq. miles drainage area) and Polder-III

(17.55 sq. miles drainage area). West Polder consists of Polder-IV (52.4 sq.

crossings of Hedkhal and Uhalang khal were designated as R-1 (5 vent) end

R-2 (3-vent) respectively. The drainege sluices at the Chittagong-Rangamati

Road crossings of Gohira Mour khal, Dabuakhal, Barolia khal and Changkhali

khal were dasignated as R-3, (2-vent),R-4 (3-vent), R-5 (1-vent) and R-6.'
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(4-vent) respectively. The locations of all these sluices are shown in

Figure 6.6. Drainage sluices R-1 and R-2 will discharge to Polder-I which

- c~finally~,discharge" into~ Karnafuli -river. Drainage ~Sluices R-3;- R~4-and R-5

will discharge to Polder-II which is ulti~etely diverted to Halde river.
,

The R-6 Drainage sluice will discharge to Polder-IV which discharge into
H"alda river.

6.2. 2 ~ Selection of~ numbe~r.-of~v'enta',of-drainage caluices

Number of vents of drainage sluices depend on the discharge of
/

drainage channel and head difference of water levels between the land and

- ".c. '" ,,~river-side.,of~a';polder.cThis Can, be;.,obtained~by~selecting~'the, proper .design~,
i

I

discharge and head,diffe~ence. For the planning purpose,the nu~ber of vents of. i !

sluices was selected besed on drainage area. The standard dimension of vent

used in Bengladesh is usually 5 feet width by 6 feet height.

Had Reguletor (B-vent),Uhalang Regulator (5-vent), 5ekarda

Regulator (3-vent), Baruakhali Regulator (4-vent) and Magdal Regulator

(8-vent) were deeigned by IECO (1974) to cover the drainage ~rea of 35.4 sq.

miles (Fig. 6.6). In total 28"vents were designed to drain 35.4 sq. miles of

drainage area l.e. each vent drains about 1.26 ,sq•.miles of_drainage area.

In total 16 ventsof Had Regulator,Uhaleng~ Regulator andSakarde Regulator

can cover 20.28 (1.e. 16 x 1.26) sq. 'miles ~of drainage area. The'discharge

of 8.48 (i.e. 20.2B - 11.8) sq. miles of drainage area belonging to Polder-II

normally pass through Had khel and Uhalang khal ,at Chittagong-Kaptai road

crossing}. The discharge capecity at the road crossing of Had khal end Uhalang

khal is in the ~ratio 8:5 according to their vent number '.as 8 vent and 5 vent

respectively: Accordingly, the drainage area of 5.22 (i.e. 8 x 8.48/13) sq.
~-.. -
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for R-1 and 3 vents for R-2 had been selected.

,
.I

Sill-elevations and crest elevations of drainage
I /" "\

Selection of
sluices

6.2.3

The sill elevations-of the drainage sluices are selected based on

regulator R-1 and R-2 respectively. The vent number of R-1 was determined

R-4 and R-5 had been selected as 2 vents, 3 vents and 1 vent: respectively.

Inspecting the drawings of drainage channels and emb3~~ments,

niiles and 3.26 (i.e. 5 x 8.48/13) sq. miles will be covered by dreinage

crest elevation. These sill and crest elevations are required to get the

elevations of t~e drainage sluices are based -on the road!sor_ embankment's

the bottom elevations of their respective drainage channels. The crest

at the Chi ttagong-Rangamati road cro-asing -",s-shown in- figure 6,6-; Similar

With similar procedure and assumption the number of vents of R-3,

procedure was adopted for the drainage sluice R-6 and number of vents,

-as--4:14(5.22/1.26) an"d-thet of R-2_as 2.58 (3.26/1.26). Final1y,--5--vents

height of structures and their costs.

presented in the feasibilitY'5tudy-Report-(JCHW, 1968 b), the-sill-and crest

elevations were selected. The:sill elevations-of drainage sluice R~1 and

R-2 was found to be (-) 1.40 m.PWD and (-) 1.00 m.PWD respectively. Their crest

elevations matching with the top elevation of Chittagong-Kaptai road have been

selected as < 6.20 m.PWD. Similarly the sill elevations of R-3. R-4,R-5 and R-6

Chittagong-Rangemati roed. These are shown in Table 6.4.

have been selected based on their respective chennels bottom elevation;

and crest elevations were selscted considering the top elevation of

- <-~- These sluices_ are -across the __Gohira-Mour :)<ha:t-;Dabua kha:t and-Berolia -khal

------selected-wss~4 -vents.
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shown in Table 6.4.
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The cost of-drainage sluicesw'ere ~alcuratel:Lat the'present market

,Cost estimation of drainage sluices

different drainage sluices for different vent numbers and the heights of

6.2.4

price. PRC/ECl, Consultant of BWDB, made a Chart to calculate the cost

of drainage sluices. Based on that chart (PRC/ECl,1985), the cost of

the"structures-have, be~n, calculated;,.'The~cost :oC:eachc::.drainage-sluice is

, .'
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TA8LE 6.4

COST
,~. (TK.)

(-) 1.40 6.2 39,54,279.24
(-) 1.00 6.2 29,58,166.:50

(-) 0.80 8.0 - -30-,-88,-081.-50 - EA"ST'POLOER
,-'" AREA

/ (-)0.80 8.0 - 35,58,920.50

•
I (~)'0.00 8.0 23,81,083.10
I

.I Sub-total 1,59,40,531.00

(-) 1.00 8.0 41,12,912.90 WEST POLDER
AREA

Grand total 21°°,53,444.00
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CHAPTER - 7

BENEFIT-COST ANALYSIS Of DIFFERENT POLDER SCHEMES

Flood, control, planning requires. determination' and evaluation of
,

all those plans which are technically ~~und and feasible. A number of

engineering alternatives are analyzed to satisfy the overall objective 'of

the flood control facility and then the most economic alternative is

'selected.-Many-time8' flill,.flood,protection may,.not bepossible __due to

-._-'-economic--ressons" ana-only- partial-cprotection ,is-provided.:-Economics Cof.

alternative flood control plans is 'a'key to planning. ,;,..'

,In.designing:.the_ flood .controL,embankment, .two,alternative
' /

f
designs for 50-year and 2S-year flood recurrence intervals were proposed.

These were also analysed for economic feasibility based on benefits

derived from higher cropping intensity and improved crop yield with

proposed project. In the flood control planning of lower Halda floodplain,

one of the proposed plan was the poldering of the valley on each side of

the Halda river and the other was of five small prolders instead of two

large 'polders;" The feasibility of these two alternative plans were compared

on the basis of costs and benefits. The benefits were derived from the net

flood damage for storms of different floodfrequ'encies. The costs were

derived from additional cost of drainage sluices for internal~drainage of
the polder.

7.1 Probability of occurrence of major storms

Detailed inspection of drainage studies for ,entire 8-year

from 1962 through 1969, indicate that 4 major storms of 1962, 1963,1968



storms were calculated using Gumbel's asymptotic frequency distribution

method.--The method is 'expressed with .the~following.f.ive equations as

.~;,
,.

( 1)

( 5)

( 2)

-- ( 4)

I.'

P max. = Probable maximum discharge with recurrence
interval n years.

P min. = Probable minimum discharge with recurrence
interval 1.01 year.

/

n = Recurrence interval of probable maximum discharge

x = Any discharge •

-y-ee

~(x) =.Another reduced varied.

Having obtained the parameters of the distribution "'and u from

T(x) = Recurrence interval for the corresponding discharge x.

76

.y.= A reduced. variate.

and 1969 caused damage ~o. crops. The recurrence intervals of these 4

y,:,oc(x - u)

I
T(X)= 1/ (1 -lJl(x)j'!

f
Where,ocand u = Two different parameters of distribution.

equations(1~and(2), the recurrence interval of any discharge X can be
calculated from equation (3), (4) and (5).

follows,'.
. !/,
j2cc= (1.52933 + In n - 1/2n + 1/8n ) / (p max.- P min. )

u= (1.52933 P max.+ (In n - 1/2n + 1/8n2) -p min. )/
(-1-052933+ In-n -"-1f-2n+-=-1/8n2)
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different-polder. with any breac~of embankment •

and. the storage capacity __Computation of Area-Elevation
elevation curves

,I

Proposed future cropping pattern with embankment

It is expected that rice would continue to be the dominant crop

celculated and is. shown in .Table 7.1.

7.2

distribution method, the recurrence intervels of different storms were. .1

The annual peak discharge of Halda river at Fatikcheri in 1968,

.
considered 50-year recurrence interval for the flood of 1968. The annual

was calculated 30,000 cusecs (from Fig •.3.1) which was exceptionally high.

That -flow was-considered as~probable. meximum -discharge. wi th-.recurrence

peak flow of the probable minimum discharge Was assumed 5,000 Cusecs

(from Fig. 3.1) with: recurrence interval 1.01-year _which caused ..no damage

The four inches to a mile map prepared by Survey of 8angladesh

interval of 50-year. IECO, during their ~tudy on Halda Project also

for everyone foot contour interval, upto 20 foot contour elevation. The

net cultiveble 'area was obtained'after subtracting' the homesteads,waterway~

polders are shown in (Table 7.2). The area-el~vation and the storage capacity-

and roads etc. The net cultivable-area and gross area of different small

(S08) was used to determine the gross area. The gross area was planimetered

elevation curves for different small polders are shown in Figures 7.1 through

7.5. These. figures were used. to determine the reservoir. storage volume of

efter completion of the flood protection scheme for the project area, but

. 7.3

«., toc.crop.in the ..project ..area •...-.Applying the.Gumbel' s.asymptotic~frequency
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TABLE 7.1RECURRENCE INTERVALS OF MAJOR STORMS

:-r',",q
."ANNUAL PEAK. PARAMETERS REDUCED 'VARIATES RECURRENCE PROBABILITYSTORM DISCHARGE AT INTERVALS 1.' FA TIKCHARI u b(.. Y(x) . qJ( x) I' " , . (YEAR) , , nxr.(efs. ),x T(x)

\"Juns,1962 13,000 '12,039 -4 0.20B7 0.4441 1.80 0.56 :,.2.'17x10
-4June, 1963 21,000 12,039 2.17x10 1.9467 0.8669 • 7.52 0.13

July, 1968 30,000 -4 3.9019 50.00 0.0212,039 2.17x10 .0.9800.~.,.July,1969 19,400 -4 0.8170 5.47 0.1812,039 2.17x10 1.5991
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POLDER-WISE LAND OF PROJECT AREA TA8LE 7.2

WEST' POLDER
GROSS CULTI-
AREA VA8LE

AREA

AREA IN ACRES

POLOER-V
GROSS CULTI-
AREA VA8LE

AREA

l! 'f.:: j
LL....::

POLDER-IV
GROSS. 'CULTI-
AREA VA8LE

~

EAST POLDER
GROSS' . CULTI-
ARE.A VABLE'

,: AREA

1 II-',' ,.
,fl.

POLDER-II POLOER-I II
GROSS CULTI- • GROSS CULTI-
AREA VA8LE AREA VA8LE

AREA "AREA

~.------

POLDER- I
GROSS CULTI-
AREA VA8LE

AREA

ELEVATION

5' - 8' 2,228 1,863 15,690 n,119 380 ~18 18,298 15,300 7,175 5,470 4,893 3,730 12,068 9,200~,8 I _ 10 I 1,749. 1 , 118 2,448 1,565 2,060 1,318 6,257 4,000 1,378 1,':198 2,072 1,802 3,450 3,00010'-20' 2,698 1,871 J,787 2,626 3,177 2,203 9,662 6,700 3 J ~143 2,716 4,727 4,084 7,870 6,800. '. ,
TOTAL 6,675 4,852 21,925 17,310 5,617 .3,839 34,217 26,000 11~696 9,384 11 , 692 9,616 23,388 19,000

'. , -.
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there would be considerable changes in the relative importance of various

rice crops. With the irrigation facility, most of the low lying area is

being-cultivated for HY~80ro as a 'single:crop ,replacing the single local

Aman crop. It is obvious that with the flood protection, these areas will

be cultivated for double crop of HYV Aman followed by HYV80roor HYV Aus.

The acceptance of HYV rice by farmers will be due to its higher yielding

nature --than traditional' local- variety-of- rice. -Therefore-wi th - -flood

'-:-::-protection, -it-cal)-be=assumed' tliat--local'variety .of_ rice wil-} be' repl'aced ,'
by the HYV of rice in all seasons.

--- The_cropping -calendar--rs:opre'sented_inc_Figure 2. 2 and~proposed

future cropping patterh is shown-!"n the Table 7.3;-- The future--cropping
i _

- intensi ty-of- the project fare';;will. be -208%.

7.4 Polder-wise proposed future land use

",

Proposed future land Use was prepared for each of the small polder

area. This was used to determine acreage of cropped land of different polders

within a flood level, which Was finally used to -determine the crop damage.

Polder-wise proposed future land use is shown in Table 7.4.
7.5 Flood damage

Only the agricultural_ damages were-considered in the_estimates.

Property damages to buildings, -homesteads, equipments etc. -would-be relatively

minor and cannot be expressed interms of money easily. Moreover,no survey

data of property damage was available in hand. These damages were ignored.

The crop during the monsoon season is rice and the varieties planted are
T~ Aus (HYV), 8. Aman and T.Amen (HYV).
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PROPOSED rUTURE CROPPING PATTERN
,.'" I

(TOTAL CULTIVA8LE AREA 4S,ooo ACRES Ii!")-' .
TA8LE 7.3

(.AREA IN ACRE)
BoRo HYV AUS HYV ,,'AMAN LV HYV RA8I R MARKSELEVATION EAST \iJEST EAST WEST EAST" 'WEST, EAST W6:ST' E

rr. 508) POLDER pnLDER POLDER POLDER POLDER ROLOER: 1'1 POLDeR POLDER

,30[](LVS~') ,
,"'~" __ ,2',ooD( HYVT)S - 8

Soo(HYVS)

2,ooo(HYV)

9,SOo(HYV)

Soo(HYVS)
l,ooo(HYV)

3,oOo(HYV)

! 3,ooo( HyvT)
9,500UiyvT)

3,000(HYVT) 3,ooo(HYVT)

200(LvS8)
-I' .,I,000( HyvT)

3,OOO(HYVT)
~. ;' I3,oOO~HYVT)

! ~

I'
Boro irrigation
by surface ~et8r

en
m

"

Bora irrigation
-by ground water

1,8002,700

S.700 3.800 -,

rice and 5- Single' crop
Triple crop - 3,000 acras
Triple crop - 2,000 acres

"
!.j,'

2DO(l1v.sa)

2,OOO(HYVT)

2,oOO(HYVT)

l,oOo(HYVT) 2,000 1,000

,', I " " ' •I,SoO(Hyvl I' , I,Soof~YVT)

3,000(HYV) 2,000(HYV) 3,00~(HYVT) 2,o06(HYVT)

1,000(HYVT) 1,000 1,000l,oOo(HYVT) l,ooO(HyvT) l,oOo(HYVT)
l,ooO(HYV) 2,ooO(HYV) I,ooO( HyvT)

1,000(HYVT) 2,000(HyvT) 1, odd\ HYVT)
2,000(HYVT) 1,000(HYVT) 2,oOo(HyvT)

II, J'
} ..~, ( ', •.••.••... \fJIV'1

SOo(HYVS) Soo(HYVS) 3[]b(i.VS8)
IS.S,oo(HYV) 9.Soo

LV - local Variety, HYV - High Yield Variety, 8- Broadcast
EAST POLDER: (1) Single crop - 800 ecre., (2) Double crop
WEST POLDER: (1) Single crop - 700 ecres, (2) Double crop

B - 10

10 - 20

I;
"

I' :. "
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the flooding Occurs.

Assumptions on calculation of crop damage by different atorms

The drainage studies- from 1962 through 1969 indicate -that. the 4

duration as well as_,the depth of flooding has an-important-, bearing on--the

-To estimate thecrop_.damage by different storms, _it -is _necessary to

The flood damages resulting from-different small-poldera are also

-damaga to -8.-Aman-and T. Aman --(-HYV)--(baginning -of-,tranaplanting pariod)- and

also dalays the retransplanting of T. Aman (HYV) in first half of August.

floods occurring in June and first half of July cause damage to

8. Aman and T, Aus (HYV). If it occurs in second half of July than it causes

dependent on flood depths, duration and- frequency. It is evident that the

Any flood in second half of August causee comple te damage to submerged To Aman

(HYV). Considering the time of occurrence a of floods the crop damages were

calculated-- for -proposed- projects-~-;with-embankment_and_with_ any. breach of
.' "

,
crop damages. Also the' crop damages-depend-on the time of the-seaaon when

7.5.1

major storms in 1962, 1963; 1968 and 1969 affect the crops with proposed

embankment. The, storms of different flood return--period were used to

determine the crop demages in the project area.

know the catchment characteristices namely area, depth and duration of

flooding for various flood intensities. The information -of four storms of

different flood frequanciea are shown in Table 7.5. An avarage flood depth

Was used for the crop damage with embankment. Representative nodes of

-~~,cembankment" conditions.
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TA8LE 7.SfLOOOING HEIGHTS WITH ANO WITH ANY
8REACH Of EM8ANKMENT

I :ii .j i' ~. : i,
;1 )YEAR OATE MAXIMUM fLOOO GROSS AREA AT NUM8ER Of OAYS if', ,; 'HALOA RIVER STAGES

Of Of ELEVATION( n.) 'MAXIMUM fLOOOING Of fLOOOINGSTORM MAXIMUM
(ACRES) A80VE ELV. AT ENAYATHAT AT OUTfALL Of, ,AT OUTfALL ,Of

fLOOOING
7 fEET " (NODE 'Of MAGOAL KHAL SARTA KHAL,

EAST WEST, 'EAST WEST EAST WEST POLOER-r') (NOOE Of ,(NOOE Of
POLOER POLOER POLOER POLOER POLOER POLOER (n:) ,

POLOER II,IV) 'POLOER III ANO
(n.) V) (n.)1962 June,11 9.06 9.89 21,355 15, 155 5.50 5.50 10.50 14.S0 18.50I

1963 June,11 7.86 7.69 17,290 10,055 4.00 3.50 10.70 14.25' _, 17.80
'"

July,15 9.66 10.06 22,410 15,375 20. SO 20.50 13.SO 16.59, 19.67
1968 July,12 11.42 12.85 24,650 18,465 12.SO 12.,;0 1S.bo 18.45 21.,90
1969 July,19 7.61 7.94 15,585 11,565 4.00 3. SO 11.00 14.00 17.00" ., ..Aug.,22 9.28 9.78 21,735 14,990 8. SO 8.50 10.50 13.78 ,17.04..v

SMALL POLOERS ARE ASSUMEO TO 8E INfLUENCEO 8Y HALOA RIVER STAGES WITH ANY 8REACH Of EM8ANKMENT

OJ
~



and should be evaluated separately. However, this would involve,. extensive

assumed to' be 7 days for B.'Aman and ..3 days for T. Aman ..(HYV).

depth with embankment condition from Figure 3.6 and Halda river

flood water level with any breach of embankment condition from
column g, 10, 11 of Table 7.5.

/
The flooding elevations corresponding to the durations in

;,
(1) have been determined from the hydrographs of interior flooding

The'land at each elevation will have its unique flooding pattern

determined in (2).

will be 3 feet and 2.5 feet respectively •

This height Was substracted as appropriate from the elevations

i) In the middle of June, the heights of B. Aman and T.Aus (HYV)

gO

iii) In the 2nd half of August, the heights of B.Aman and T.Aman(HYV)

will be "'c' 3.5 feet and 2.0 feet respectively.

•• C. - ~~} In. the: middle. of 'July, the heights ..of B.Aman, T.Aus(HYV) and

T.Aman (HYV) will be 3.5 feet, 2.5 feet and 1 foot respectively.

Halda ri'ver stages were. used to ..determine the crop damage with any breach

calculations. which were not considered justified in this study.-Therefore,

the~ followin~i'.s.illipri:fied"assumptionsc:were2made" in .es.timating the:'crop~<!amage:.

2)

1) The duration of submergence .that could. be tolerated by crop was ..

3) The height of the different crops are assumed as follows:

. different small polders (in~table 7.5) with their flood depths based on
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4) The net areas subjected to damage-have been determined by means

of the area-elevation relation of-individual crop for each polder,

shown in Table -7.4•.-'--No-damage-Was-_assumed- 1'01'- the crops-grown at
higher elevations.

5) Damage to T.Aus (HYV) during its harvesting period in the middle

of June, depended~-on flood"severity~ The maximumodamage~has~been

-'-"aeeumed=approximately-15~ 1'01'- low"l:ands-..below--8~feet--elEivation_,_
with embankment condition.

6) Replanting was assumed 1'01'__crops damagad in -secondchalf of July.

Its cost have been calculated on the-basis of the actual-cost of
_replantation.; /

I

The procedures mentioned above were used to determine the area

affectad by different storms in the project with embankments and with any

breach of embankments.

7.5.2 Per acre cost of different flood damaged-crops

7.5.2.1 Crop_damage with embankment

With embankment, some interior flooding would still occur due to

-drainaga_congesFion_inside the polders, that would cause_crop damage.Flood

damage to crop has-been-calculated on the basis of the present msrket price

of rice. The yields of 8.Aman, T.Amen (HYV) and T.Aus (HYV) per acre were

assumed as 0.52 m.ton.-(14 maunds), 1.31 m.ton.{35 maunds) and 1.31 m.ton.c .-(35 maunds) respectively. The price of one m.ton (26.8 maund) rice was
calculated as 4556 Taka.
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that case was obtained from the area-elevation relation in Table 7.4 for the

. ~.

Tk. 59S0 and Tk. 3407 for T. Aman

I

At present market price, P8~ acre costs of damaged crop were

/

breach of embankment, no replantation was assumed for T. Aman (HYV) as the

corresponding river stages. for the flood affected cropped land with any

With any breach of embankment, affected polder or polders will be

directly influenced by the Halda river stages. The flood affected~rea in

respectively.

flood recession would not allow the replantation. Losses of crop damage

per acre costs of crop damage were

per acre in different months at present markat price wera calculated as

calculated as Tk. 2380 and Tk. 5950 for 8. Aman and T. Aus (HYV). Also the

Tk. 2380, Tk. 5950 and Tk. 5950 for 8.Aman, T.Aue (HYV) and T.Aman (HYV)

1971).

that a 20% reduction' in yield occurs for all replanted To Aman (HYV) (IECO,

7.5.2.2 Crop damage with any breach of embankment

In calculating the crop damage it ha~ been assumed that from the

middle of July the seedling of T. Aman (HYV) will be started. The flood

cos~ is obtained on t~e bas~s of actual labour cost, seed cost and

fertilizer cos~~~tc~cAnother__co~~_a~ded with the cost of replanting is the

replanted after .,'recessionof flood in the month of.August. The replanting

reduced gross income due to lower yield of the second crop. It was assumed

affectedT. Aman (HYV) area below the elevation of 7 feet (508) was assumed

to be uncultivated and replanting was not possible. The remaining lands of

comparatively higher elevations (about 7 ft. to 8 fi:.elevation) could be

(HYV) and replanting T. Aman (HYV) respectively (EPC, 1986 a).



the two for a particular crop Was 'taKen for'analysis.

breach of embankments., These flood depths are based on the historical

93

The interior flooding hydrographs (shown in figure 3.6), are

flood affected cropped lande with any breach of embankment

flood affected cropped lands with embankments

made in Article 7.5.1, the cropped lands affected by a flood were estimated.

individual~C~td.:.estimate",the"::'.damage_d~cropped'land9'and the-maximum -area of

representative nodes of different small poldere (column g, 10 and 11 of

crops due to the sudden rise of water level inside the polder. The

A polder with. a breach of embankment; -'willsubmerge the polder
, I ,

area uptoelevation of Halda' river" stages and,will~cause' a severe -damage to

The flood affected cropped lands for every small poldsr is presentsd in

that the water level at outfall of Sarta khal is representative for ,Polder-III'

Table 7.6. Two floodsoccuring in different months of a year were considered

considered representative for~every' polder~'Considering ths-assumptions

Table 7.5) with flood depths were ueed to determine the crop damage with any

representative nodal points were calculated by assuming the normal water

7.5.3

representative for -Polder"';I.The-water levels 'or.-Haldariver "at"different

observed river stages at stations .Talpari and Enayathat. It",'was.assumed

representative for _Polder-II and Polder-IV;" and water -level st-Enayathat is

7.5.4

and Polder-V. Similarly, the water level at outfall..of,Magdal khal is

surface profile between Talpari and Enayathat stations.
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Total losses for different storms are shown in! '
.'
:

Benefits from the protection of crop damage

Total crop damage of different small polders due to interior flood

7.5.5.1 Estimation of crops damaged by different storms with embankment

the recession of flood level will not allow such replanting.

No replenting of T. Aman with any breach of embankment was considered as

polder is the flood affected areas of land multiplied by per acre cost of

7.5.5 Estimation of crops damaged by different storms

Polder-wise total losses. for a particular crop of a specific

Polder-wise.-total loss for a particular crop for a spscific storm

The e"timation of crop damaged by different storms for individual

damaged crop.

is shown in Table 7.6.

Table 7.7.

7.5.5.2 Estimation of crops damaged by different storms with any breach
of embankment

depth with proposed embankment are shown in Table 7.7. 5imilarly total crop

storm are shown in Tabls 7.8. Total losses for different storms are shown
in Table 7.9 with any breach of embankment.

damage of each small polder for different storms with any breach of embankment

7.5.6

of the respective small polder are shown in Table 7.9. Difference between the

is shown in Table 7.10.

crop damages for the above two conditions is the net crop damage for the breach

of embankment of a small polder. The net crop damage for each small polders



(3) a" T.Amen (HYV) can not be replanted.
(3) b T.Aman (HYV) can be replanted.
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- --~.- -
TA8LE 7.6
(2 OF 3)

(e) POLoER- III

5TORM tROP MAXIMUM" PLANT" NET AREA .VOLUME 'OF" TOTAL
FLOODING HEIGHT DAMAGED L055 PER VOLUME OF
EL.(508) (FT.) (ACRE5 ) ACRE( TK.) L055 (TK. )

Jun. 11,1962 (1) B.Aman 9.06 3.00 2380.00 '2,380.00
(2) T.•Aus (HYV) 9.06 2.50 9 5950.00 53,550.00

,Jun. 11,1963 (1) B.Aman 7.84 3.Do 2380.00 2,380.00

.(2) ToAus(HYV) . 7.84. 2.50 7 5950.00 _41,650.00

,,~- Jul. -15,1963 (3 )a .T.Aman(HYV) _ 9.66 1.00. 120 5950.00. 7,14,000.00
/3)b T.Aman(HYV) 9.66 605 3407.00 20,61,235.00

Jul. 12,1968 (1) a"Aman 11.42 3.50 10 2380.00 23,800.00
(2) T./AUS(HYV) 11.42 2.50 3 5950.00 17,850.00
(3)0 T;Aman(HYU) 11.42 1. 00 ~ 120 5950.00' 7~14,OOO.OO

,
Jul. 19,1969 .' 7,61

(1) i
,

Aug. 22,1969 B.Aman ! I 9.28, 3.50 2380.00 2,380.00
(3). T.Aman(HYV) 9.28 2.00 100 5950.00 ".5,95, 000 ..00

WEST POLDER
( 8) POLDER-IV

Jun. 11,1962 (1) B.Aman 9.06 3.00 12 2380.00 28,560.00
(2) To Aus( HYV) 9.06. 2.50 266 5950.00 15,82,700.00

Jun. 11,1963 (1) B.Aman 7.84 3.00 14 2380.00 33,320.00
(~J T.Aus(HYV) 7.84 2.50 212 5950.00 12,61,400.00

Jul. 15,1963 (3)a T.Aman(HYV) 9.66 1.00 1635 5950.00 97,28,250.00 - .
(3)b To Aman( HYV) .9.66 2035 3407.00 69,33,245.00

.Ju1. .12,1968 (1) B.Aman 11 ..42 .. 3.50 120 .2380.00. :.. ',2,85,600.00

(2) T.Aus(HYV) '1.42 2.50 89 5950-:00 5,29,550.00
(3 )a T .•Aman (HYV) 11. 42 1.00 1635 5950.00 97,28,250.00

Jul. 19, 1969 7.61

Aug. 22,1969 (1) T.Aman' 9.28 3.50 12 2380.00 28,560.00
(3)a T.Aman (HYV) 9.28 2.00 1180 5950.00 70,21,000.00



Jun. 11,1962 ( 1 ) 8. Aman 9.06 3.00 8 2380.00 19,040.00
(2) T.Aus(HYV) 9.06 2.50 184 5950.00 10,94,800.00

Jun. 11,1963 ( 1 ) B.Aman 7.84 3.00 10 2380.00 23,800.00
( 2) T.Aus(HYV) 7.84 2.50 148 5950.00 8,80,500.00

Ju1: -'5, 1963-( 3)8 --T.Am.n( HYV)'~ 9.60 1.00_ - 111 5 5950.00: _~_66;34,'250.00

(3)b T.Aman(HYV) 9.60 1715 3407.00 -- --58,43,005-. 00

Jul. 12,1968 ( 1 ) B.Aman 11.42 3.50 80- 2380.00 1,90,400.00

( 2) T.Aus(HYV) 11. 42 2.50 61 5950. DO 3,62,950.00
- (3). -T, Aman(HYV) -11.42 1.00 . 1115 -:- - ___5950.00 _ ~ 66,34,250.00

TA8LE 7.6
( 30F--3)

_TOTAL
VOLUMEUF
L055 (TK.)

97

19.040.00

48,79, 000.00

2380.00

s~so.oo

NET AREA_ VOLUMEOF.-
DAMAGED L055 PER
(ACRE5) ACRE(TK.)

3.50 8

2.00 820

7.61

-MAXIMUM~ PLANT-~
FLOODING HEIGHT
EL.(508) (FT.)

-;

(b) POLOER-V

CROP5TORM

Jul. 19,1969

/

Aug. 22, 1969 (1) B-;Aman J ,9.38
I

(3)a T.Aman(HYV) 9.38
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TABLE 7.7SUMMARY OF FLOOO DAMAGE (WITH EMBANKMENT)

i I
(LOSS OF CROP IN TAKA)

" l
'I

STORM PEAK RECURRENCE POLDER-I POLDER-II POLDER-III POLDER-IV PDLDER-V I,HOLE PROJECTDISCHARGE INTERVAL (TK. ) (TK. ) (TK. ) (TK. ) (TK. ) AREA( TK.)AT FATIK-
CHARI
(CUSECS)

Jun.11,'962 13,000 1. 80 3,30,820 23,62,150 55,930 16,11;260 11,13,840 54,74,000
Jun. 11,1963 21~OOO 7.52 81,78,070. 5,01,43,595 2~119,265 1,79,56,215 1,33,81,655 9,24,78,800

._- JuL12,1968 30,000 50.00, .. 43,67,300 3,06,.96,050 7,55,650 1, 05, 43, 400 71,87,600 5,35,50,000_.
Aug.22,1969 19,400 S.47 35,79,520 '2,56,44,500 '-5,97,380 70,49,560 48,98,040 4,17,69,000

, '

,,'

UJ
P'
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REMARK5

Out -of--- Trans
plantation

TOTAL
VOLUME OF
LOSS( TK.)

TABLE 7.B
(1 OF 3)

2380.00373.00

PLANT NET
HEIGH, AREA
(n.) DAMAGED

(ACRES)

10.70

MAXIMUM
FLOODING
ELV.
n.(50B)

DAMAGE (WITH ANY BREACH OF EMBANKMENT)
EAST POLDER
(a) POLOER-I

CROP

(1) B.Aman
•(2) T.Au~(HYV) 10.70 2.50 1900 5950.00 1,13,05,000.00

(3-)-T.Aman(HYV)-10.70 .._1900 ___ .5950.00:1,13,05,000.00_ Out of Trans
.plantationc( 1) .8. Amen:.c ."r:~~15.00 :-: 3:50" 37 -0. 2380.00 ~-:;'_.'::88;060.00

/ -(2) T.Aus(HYV)-15.00 2.50 110 5950.00 6,54,500 ..00j

(3) T.Aman(HY~ ;15.00 .- 1.00 2700 5950.00 1;60,65,000.00;(1) a.Amen .: 10.50 3.50 37 23BO.00 88,060.00
(3) T.Aman(HY~ 10.50 2.00 3300 5950.00 1,96,35,000.00. -do-

~,24,O2.740.00

(b) POLDER-II

(1) B.Aman 14.50 3.00 257 2380.00 6,11,660.00

(2) T.Au•.,(HYV)14.SO 2.50 3950 5950.00 2,35,02,500.00
(3) T.Aman(HYV)14.50 9800 5950.00 5,83,10,000.00 Out of Transi . plantation(1) B.Amen 14.25 3.00 257 23BO.00 6,11,660.00
(2-)T.Aus(HYV) 14.25 2.50 3950 5950.00 2,05,02,500.00- -
(3) T.Aman(HYV)14.25 9800 S950.00~'5,83,10,OOO.OO Out of Trans

plantation(1) B.Aman 1B.45 3.SO 257 23BO.00 6,11,660.00
(2) T.Aus(HYV) 1B.45 2.50 260 5950.00 -15,47,000.00
(3) T.Aman(HY01B.45 1.00 11400 5950.00 6,78?30,000.OO
(i) B.Aman 13.7B 3.50 257 23BO.00 6,11,660.00
(3) T.Aman(HYV)i3.7B 2.00 12000 . 5950.00 7,14,00,000.00 ;:.do-

30,68,48,640.00

.'ESTIMATE OF FLOOD

STORM

:~ .

VOLUME
OF
L055
PER
ACRE(TK)

Jun. 11,1962 (1) 8.Aman 10.50 3.00-- "37-- 2380 ..00 .88,060.00

(2)"T.AUS(HYV)-10.50 .•2.50..19BO.-.~.'5050.00.1;17,B1,OOO.00
_. -=-(3)._T;Aman(HYV) II 1900 .... 5950.00._',13;05,000.00

Aug.22,1959

Jun.11,1963

Jun.11,1962

"'-Jul:_1.2, 1968;'

Jun.11,1963

Aug. 22, 1969

Ju1.12,1968



Jun.11,1962 (1) B.Aman 1B.5D 3.DO 6 23BD.DD 14,280.00 .

(2) T.Aus(HYV) 1B.50 2.SD 225 5950.DD 13,38,750.00

(3) T.Aman(HYV) 1B.50 800 595D.00 47,60,000.00 Dut of Trans
plantation

--Jun.-11-,1963 (1) -S-.Amen r, •. ~17.iio.. 3.DO 6 23BD.OD 14,280.00

'(2):T'Aus(HYV)- 17.8D ..:-:..2.50 200. ..5950.00 - 11,90,000.00

(3) T.Aman(HYV) 17.80 BDO 5950.00 47,60,000.00 Out of Trans
plantation

JuL 12, 1968 (1) B.Amen 21.90 3.50 6 23BO.00 14,280.00

(2) ....T.AUS(HYV)'-21.90.. _ 2.50 . 115 ..5950.0D 6,84,250.00

'(3)'T.Aman(HYV )"21.9D.•"; 1.DO 9DO _._5jl5D. 00-- 53,55,000.00
/

Aug.22,1969 (1) B.Amen -. 17.0D . 3.50 6 23BO.DO 14,280.00
J

(3) T.Aman (HYV'j17.00 2.0D 205D 595D.00 1,21,97,500.00 -do....,.

! 2,03,42,620.00

WEST PDLoER
(a) PDLoER-IV

Jun.11,1962 (1) B.Aman 14.50 3.00 119 23Bo.00 2,83,220.00

(2) T.Aus(HYV) 14.50 2.50 35BD 595D.00 2,13,01,000.00

(3) T.Aman(HYV) 14.50 3BOO 5950.0D 2,26,10,000.00 Out of Trans
plantation

Jun.11,1963 (1) B.Aman 14.25 3.00 1~9 23Bo.00 2,83,220.00

(2) T.Aus(HYV) 14.25 2.50 3500 595o.oD 2,08,25,000 ..00

(3) T.Aman(HYV) 14.25 3800 595D.0[1 2,26,10,OOO~OO Out of Trans
plantation

Ju1.12,1968 (1) 8. Amen .18.45 3.50 119 .2380.Do 2,83,220.00

(2) T.Aus(HYV) . 18.45 2.50 205 5950.00 12;19,750.00

(3) T.Aman(HYV) 18.45 1.00 5450' 5950.00 3,24,27,500.00

Aug. 22, 1969 (1) B.Aman 13.78 3.50 119 2380.00 2,83,220.00
.

(3) T.Aman(HYV) 13.78 2.00 5968. 5950.0D 3,55,09,600.00 '--do-~

13,03,32,370.00

100

REMARKSTOTAL
VDLUME DF
LDSS( TK.)

TABLE 7.B
(2 DF 3)

NET VDLUME
AREA' OF-LDSS'
DAMAGED PER
(ACRES) ACRE(TK)

.MAXIMUM - .PLANT
-FLOODING' HEIGHT

ELV. (FT.)
FT.(SOB)

CROP

(c) POLDER-Ill

STORM
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TOTAL.
VOLUME OF
L055(TK.)

TA8LE 7.8
(3 OF 3)

NET VOLUME
AREA OF L055
OAMAGED PER
(ACRE5) ACRE(TK)

PLANT
HEIGHT
(FT.)

MAXIMUM
FLOOOING
ELV.
FT.(508)

CROP

(b) POLOER-V

C( 2-}-T;'Aus(HYV )"17,80 ,......2.50 '0' 3570-.-" 5950.00 2,12,41,500.00
.(3) 'T:Amen(HYV)17.80 2800'~" 5950.00 __1-,66,60,000.00 out..:.of--.:.Trans' ..•.--_. "--

plantation

(1) B.Amen , 21,90 3.50 81 2380.00 1,92,7BO.00,
(2) T.Aus(HYV) 21.90 2.50 235 5950.00 13,98,250 ..00
(3) T.Aman(HYV)21.90 1.00' 3300 5950.00 1,96,35,000.00

(1) B.Aman 17.04 3.50 81 2380:00 1,92,780.00
(3) T.Aman(HYV)17.04 2.00 5500 5950.00 3,27,25,000.00 -do-,

13,03,32,370.00

Aug.22,1969

Jun.JJ., 1962 ,(1)..8.Aman , 18.50 3.00 81 '.'-"2380.00 1';92,780.00
(21'T•Aus(HYV) ..18.50, ._2.50 .. 3570 ......5950.00 2, 12, 4.:r, 500.00

(3) T.Aman(HYV)18.50 2800 5950.00 1,66,60,000.00 Out of Trans
plantation

Jun.11,1963 (1) B.Amen 17.80 3.00 81 2380.00 ',92,780.00

Jul.12,1968

5TORM
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SUMMARY OF FLOOD DAMAGE (WITH ANY BREACH OF EMBANKMENT)
TABLE 7.9

(LOSS OF CROP IN TAKA)., ,

STORM PEAK
DISCHARGE
AT:.FATIK-
CHARI
(CUSECS)

RECURRENCE
INTERVAL

POLDER"' I
(TK. )

POLDER-II
, ,(TK.) .

.' ..•........•..
POLDER"'II I

(TK. )
''''1 •

,J

POLDER-IV
(TK. )

POLOER-V
(TK. )

:'

WHOLE PROJECT
AREA(TK.)

. \

Jun.11,1962 13,000 ,,':1.BO 2,31,74,060 8., 2~~2~.,.160 ,6.',13';'030 A,41~9.4','220 3,80,94,280. 19,39,~9,750
Jun.1',1963 21,000 7.52 . 2,26,9S,OqO 8,24,24,16P 59,64,2BO 4;37,18,220 3,82,87,060 19,30,91,780

JuL1~.1968 30,000 50.00 ',68,07,560 6,99,88,660 60,53,530 3,39,30,470 2,12,26,030 14,80,06,250
Aug.22,1969 19,400 1,97 ,23,060 7, 20 ,.11 , 660

.
1,22,11,780 3,57,92,820 3,29,17,780 17,26,57,2105.47

;::
J.

p'

~
o
N
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economic alternative is selected on the basis of costs and benefits. In

makes other -small polders indepen-

After selection of the embankment alternative, a second study Was

benefits will be derived from net crop production considering the project

,
embankment" -Analysis 'of--these benefits -will help' in determining-- the

unaffected small polders ,,-ifone polder is sffected by,a breach in the
, --

this economic study, the costs are the function of proposed embankments

If any of tha small polder (say, Polder~III of large East Polder),

will be inundated dua to its ambankment breech, other small polder (Poldar

Two alternative embankments of 50-year and 25-year flood

feesibility between the alternatives of small and large polders schemes.

r clOd II-of East Polder) may be saved' from inundation ,by operating

"Without Embankment" and The Project "With Embankment".

done on the plans of two different polder sizes (lerge polders and small

7.6 Benefit-cost analysis

cross-section. The coste are related to the embankments along Karnafuli

frequencies for flood_protection of the project area were considered. The

are the net crop damages of all small polders (Polder I, II and III). The

the gated drainage sluices which

-ofembankment--will-inundate the -whole-large--polder-(East Polder)- and-'losses

dent. In this case, losses are tha net 'crop damage of that small
polder (polder-Ill) only and benefits are the net crop damage of- other

---unaffected -polders' (polder-I and II). On the 'other hand; the-same''breach

-'....river and-on both bsnks'-of Halda-river extended.upto',high grounds. -The

, ,,,,isolated_smarl:polders:system.cen,earn the,benefits __from. their other
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the flood damage by storm of 2-year flood rscurrence

Analysis of embankment plans

is squivalent to

Tk. 165.53 millions. A normal annual crop damage has been considsred,which

The benefit of the project is the increased value of agricultural production.

The gross production values of the-project "without--smbankment"

embankment" and the project "with embankment" are shown in Table 7.11 and

millions respectivsly (Table 7.11 and 7.12). The production costs were

and the project "with-embankmsnt" are Tk. 309.88 millions and Tk. 549.16

costs for the project "with smbankment" and "without embankment" are shown

calculetedon the basis of BWDB present price index ([PC,1986 a). Production

conetruction costs of a few drainage sluices. The construction cost of

intervsl. The normal annual loss is about 5.47 millions (Table 7.7). The

net incremental annual benefit was found to be Tk. 160.06 millions (Table

polders). In-this case, tne-cost will include the cost of embankment and

in Table 7.13. The-incremental annual benefit (Tabla 7.14) was found to bs

7.6.1.2_ Benefits of the project

existing m~tor roads development is required. The benefit is the function

of crop damage with and without any failure of embankments of polder.

7.6.1

7.12. yields and unit prices are based on the present condition ([PC, 1986 a).

;The pre5e~t and proposed land uses are shown in Table 2.1 and 7.3.

--The crop -acreages, -yields and production values -of the"--'project-"without --

__--~:::,~smbankmsnt--in-both the--alternativs -plans wil-l-remain--same-as --no~cost_for



CROP ACREAGE, YIELD AND PRODUCTION VALUE fOR TABLE 7.11
PROJECT WITHOUT EMBANKMENT !",! I, - . ;

5L. NAME OF THE CROPS ACREAGE YIELD ToTA~ PRODUCTION' "UNIT RATE GROSS, '
NO. TON! ~lAUNo! TON MAUND ,TK! TK! PRODUCTION

ACRE ACRE " TON ~lAUNo VALUE(ooO'n~l
~'i

13. Aman -LV ',7,500 ,,0.522 14 914? 245,000 4~55 170 41,55.0
;-,

45562 T. Aman -LV 13,000 0.560 15 7276 195,000 170 33,150
~ .' ' ' .,

3 a.Aus -LV 4,000 0.373 ",10 1493 40,000 4556 170 6,800
" ,

4 T. Aus -LV 10,500 0.634 17 6660 17S,500 4556 170 30,345, e,. , ,

5 Boro - LV 1,000 0.634 17 ' 634 17,000 4556 170 2,89,0

6 Bora - HYV 2a,DDO 1.306 35 35567 9EO,OOO 4556 170 '166,600

7 wheat - HYV 130 0.746 20 ~7 2,600. 4342 162 421

B Pota,to 1,27~ 4.030 108 5138 137,70q 1608 60 8,262, ,

9 PulsBs 1,150 0.224 6 257 6,900 5360 200 1,38,0
I, 0

10 Oils8eds 1,275 0.224 6 285 7,550 8040 " 300 ' 2,295

11 vegetablss 3,510 2.015 54 7072 ' ,189',540' 2,144 80 15,163
'"12 Chillies 160 0.672 18 107 2,880 8576 ,320 922

TOTAL = r
309,878

NET AREA = 45,000 ACRES CROPPING INTENSITY = 181%

-'o
(J)
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l.I

TABLE 7.12CROP ACREAGE, YIELO ANO PROOUCTION VALUE,FOR i' _..
PROJECT WITH EM8ANKMENT ,

i ' '
!' M' • ! I,

sL, NAME or THE CROPS ACREAGE YIELO TOTAL. PRODUCTION. UNIT RATE GROSS
NO, TON! MAUND! TON MAUNO ; TK( TK! PRODUCTION

ACRE ACRE t, I TON MAUND VALUE(OOO'Tk,)
:t, I, • I I

B. Aman -LV 500 0.522 . 14 " 261 7,000 4556 170 1,190
"

q" I
2 T. Aman -HYV 39,000 1,306 35 ,

-.. -- 50934 1365,000 4555 170 232,050,
3 T. Aus -HYV 18,SQO 1:30~ 35 24160 647,500 4556 170 110,075,
4 801'0 - HYV 26,000 1.306 35 , 33956 • ,910,000 4556 170 154,700

5 Wheat - HYV 165 0,821 22 135 3,~36 4342 162 5(18
I, i!

6 Potato 1,615 4,851 130 7834 209,950 150B 50 12,597
,J I

7 pulses 1,450 0.336 9 487 13,050 5360 200 2,610

" I
8 Oils88ds 1,915 0.373 10 602 16,150 8040 300 4,845

9 vegetCibles 4,465 3.060 82 13663, 366,150. .2144 80 29,290

10 Chillies 190 0,746 20 142 .3,800 8576 320 1',216

TOTAL 549,161

NET AREA = 45,000 ACRES CROPPING INTENSITY = 208%

...S
o

-...J

" ,



COST Of PRODUCTION ;" TABLE 7.13, \' f

.. !J.
ITEM UNIT QUANTITY USED ' RATE TOTAL COST (OOO'TI(.)

W hl1 (TK/UNIT) W W1
Man-labour ,1• Man-days 5358 550 7395 607 20 107 171 147 911

2. 'Anim;:Jl-1abour Pair-days 815 850 968 371 35 28 555 33 893
, i3. Seed/Seedling: Iii f ii

I

0) Paddy Tons 3815 1619 4985
Maunds 102 250 43 400

" 186 19 019 8 072.
b) Wheat Tons 5 ..,<~65 4020

Maunds "130 150 20 25"-0) Potato Tons 476 .•._-- 603 2010 IMaunds 12 750 16 150 75 956 1 211 ..

d) Pulses Tans 17 22 6700 'r1EJ.unds 460 580 250 115 14:-
e) Oil seeds Tons , 8 10 7370

~launds 204 258 '275 56 71
I

f) Veget3bles Tons 26 33, 4985
Maunds 702 893 ;~86 131 166

g) Chillies Tons 0.18 0.22 30016
f']aunds 5 6 1120 6 7I'

4. Fertilizer: I:'
a) Urea Tons 2039 5568 4985

Maunds 54 653 149 213 186 10 165 27 754
b) T.5.P Tons 119,5 3590 4744

Maunds 32 023 96 200 17r7 5 668 17 027
0) ~1.P. ' Tons 241 1291 , 4020

Maunds 6 452 34 610 150 968 5 192
5. Insecticides Lb. 11 200 49 292 134 " 1 500 6 60S

TOTAL = 174 330 248 079
-'0W = WITHOUT PROJECT CO

Wb '"ITH PROJECT

.' i
~' i

"II: ,~'
i
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54.74

1655.34

16DO.60

3010.82

5491.61

38.98.78

1743.30'

1355.48

.2480.79

3010.02 - 1355.48)

!

pJoduction
)

I
i
/

Cost of

Benefit

1. Gross v81ue of production

3. Benefit

5U'lf'l4RY OF 8ENEFIT5

5( In 10 Taka

2.

INCREMENTAL ANNUAL 8ENEFIT

3.

. ~.-:': Cost .oC_production

NORMAL ANNUAL FLOOD DAMAGE (TARLE 7.7)

NET HJCREMENTAL 'ANNUAL OENEFIT (C-D)

A. PROJECT WITH EMBANKMENT:

8. PROJECT WITHOUT EM8ANKf1ENT:

C.

O.

E.
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/~7.6.1.3 The costs of project /"

Capital'cost estimates,have been prepared on the,basis of.the 1985

schedule of unit prices applicable to the BWOB'Chittagong a andM Circle

(BWOB,1985). A contingency of 10% ,of structural cost and Engineering and

Administration cost of 15% of structural cost including contingency have

been included, as shown in Table 7.15. The capital. cost for two alternative'

-:"embankments for,50-year and 25-year. flood,frequencies' are TK.~76.58 .millions
and Tk. 64.38 millions respectively.

7.6.1.4 Assumptions for econorilic.,analysis

(a) Operation and ma!ntenance cost
J

Annual a and M costs were taken as 2% of the capital cost for the

flood embankment and 1% of the capital cost for drainage structures (EPC,

1986 b). Annual a an~ M cost was considered after implementation of the
project and will be continued throughout the project life.

(b) Construction' period

It was assumed that the implementation of the flood control project

would take three years (EPC, 1986 c). A three year construction period for
drainage structures was also'considered.

(c) Benefit build-up

full benefit of.flood control is expected to accrue from the

seventh year of the ,project life. The pattern of benefit build-up assumed
in the analysis is presented below (EPC, 1986 c):



under SWoS.

(e) Capital cost break-down

% of full benefit

Pattern of capitel cost break-down
year % of capital cost
1 20 "
2 50
3 30
4-50 or 1\.,.25-

1
2

/- 3
4 1S
5 33
6 67

- 7-50 -or-7-25 100

Discount rate
/

considering three" years construction period of the embankments, the

--------"l'Iost-of-analysis~under---SWOSis~done -at thecdiscount~rete 01'- 15%--_

111

Pattern of benefit build-up

(d)

considered was 15%.

capital cost break-down is presented below which is similar to other projects

(PRC/ECI,19S5), as such the _discount, rate in the economic analysis



TABLE 7.15
I
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Tk. 6,05,39,718

Tk. 50,53,972
Tk. 6,65,93,690

Tk. 99,89,054
Tk. 7,65,82,744

Tk. 5,08,9Q,862

Tk. 50,89,086
Tk. 5,59,79,948
Tk. 83,96.992
Tk. 6,43,76,940

EmbankmeJit_~ocludj[ng land acquisition and turfing)

Engineering and Administration (15%)

---------------- - Capital cost

Sub-total

CAPITAL COST ESTIMATE OF EMBANKMENT

Sub-total

Embankment (including land.8cquisition and turfing)
l

Physical contingency (10%)

Engineering and Administration (15%)
Capital cost

1. EMBANKMENT FOR SO-YEAR FLOOD FREQUENCY (SO YEAR PROJECT LIFE) ,_

2. EMBANKMENT FOR 25-YEAR FLOOD FREQUENCY ( 25 YEAR PROJECT LIFE)



been calculated as 9.66

assumption, the benefit

113

A project life of 50 years and 25 years were assumed for the

8enefit-cost ~atio/

Analysis of small pqlder schemes

The polder schemes of different polder sizes are proposed for the

7.6.1.5

cost of the first alternative!.!'l;embankment for 50-year flood frequency -is. .. . - .

Tk. 76.58 millions and the capital cost of second alternative is Tk.64.38

As the coet of upgrading of existing roads proposed to be used

mil-I-ions-asshown in Table 7.15.

embankments of 50-year and 25~year flood frequencies respectively;- Capital

----:'---Bonsidering'-the--essumptidns for:-economic-Oanalysiscin--article

been_found- to be Tk. 64.08 millions and Tk;- 549.37-millions--respectively.

This making a-benefit cost ratio-as 8.57-(Table "7.16). Usin9 the-same

c~st,ratio for the second alternative has also
/
(Table 7.17); Hence the second alternative of

7.6.1.4, the present worth of cost and benefit for first elternative have- _

25-year flood frequency embankment is economically more feasible.

7.6.2

flood protection of the project area. The proposed first plan is to construct

two large polders on both sides of Helda river valley and second plan_ is
to construct five small polders.

as embankment- was ignored, the cost of embankment for both the above cases

are similar for the designed flood frequency. An additional capital cost of

five drainage sluices of Tk. 20.16 millions (Table 7.18) will be required

for the drainage of the large East Polder when acting as three small polders



.'
:.:~

.t,""

" I, I
TABLE 7.16.

COMPUTATION OF BENEFIT-COST RATIO OF EMBANKMENT FOR 50-YEAR FLOOD



>,

': ':1 [. I TA8LE 7.17

CONPUTATION OF 8ENEFIT-COST, RATIO OF EM8ANKMENT FOR 25-'-YEARFLOOD
I ,f. 1 ! I

'.

25 YEAR PROJECT LIFE . ~1 ( wnHOUSAND TAKA)

YEAR CAPITAL o AND M TOTAL DISCOUNTING PRESENT NET PRESENT WORTHCOST COST COST FACTOR .._. , ..,WORTH OF INCREMENTAL OF 8ENE/CITCOST ~.". ANNUAL 1\
8ENEFIT \' ,.,1 12875 - 1287S 0.869 11195

2 32188 - 32188 0.756 24340
3 19313 - 19313 0.657 12698 , '-....4 - 1288 1288 0.571 735 28810 16450
5 - 1288 1288 0.497 640 152819 262S~
6 - 1288 1288 0.432 5S6 107240 46328
7-25 - 1288 1288 2.679 3451 160060 428907

TOTAL 53615 517936

,'"
~.~ !

~517936000 U1. . 8enefit-coet retio = 53615000 = 9.66

I ,",' '!', ,
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-'-c__ polders.

analysisI - --for_bene fit-cost
,I! "

\

i
!

Additional capital cost of drainage sluices were estimated on the

basis of schedule of rates of Chittagong 0 and M Circle (SWDS,1985).

of structure cost including contingency for Engineering and

Assumptions

administretion _were included in the--analysis. Cost estimation is

Ten percent of structurel cost for physical contingency and 15%

Annual 0 ~nd M cost was assumed as 1% of the additional capital

shown in Table 7.18.

the implementation of structures and will be continued throughout

A 25 yeers project life was considered.

the project life.

-cost of-drainage structures. This cost is considered constant-from

Any failure of embankment of a large polder will inundate the

sluice'of Tk. 5.20 millions (Table 7.18) will be required for the large

whole area and will cause large crop damage. On the other hand, that

failure will inundate only -one/more -smalL polder/polders and _other _small

1 )

system. -The benefit is -derived frointhe savings of crop of flood unaffected

small polder/polders. This is the additional benefits' for the plan of small

7.6.2.1

2)

(Polder-I,ll and III). Similarly the additional capital cost of a drainage

3)

-----~-West- Polder to act as-twocslnsll-poIClerS::=(Polder."IVcand -V).

- -,~-,pOlder/polders ;wiil-remaincunat'fected. _for_,the plan-of small-~polders



Additional present worth of cost (considering 15% discount factor):

Additional present worth of cost(considering 15% discount factor):

'117

41,12,913

.1,11,291
45,24,204

6,78,631
52,02,835

TABLE 701B

Tko 52,60,374

Tk. 1,06,73,229

Tko 9,.15,660
Tk, 1,69,09,263

Tko

Tko
Tko

Tko
Tko

Tk. 1,59,40,531

•. _Tk. " 15,94,053

Tk. 1,75,34,584

<: Tk.-:---26,30,187

Tk.- 2,01,54,771_

ADDITIONAL COST ESTIMATE

Drainage structures (R-1,R-2,R-3,A-4 a~d R-5)

Physical contingency(10% of structure cost)
Sub-total

3)

Drainage structure (R-6)

1) In the~ 1st year construction period
--'-=: (-30% of .capital cost)

Physical contingency (10% of structurs cost)
Sub-total

Engineering and administration (15%)
Additional capital cost

1) In the 1st year construction period
(30% of capital coat) Tko 13,57,261.2) In the 2nd year construction per lad

c. (70% of capital cost) Tko' 27,53,8653) o and M coat (annually 1% of capital cost for
3rd year through 25th year of project life) Tko 2,51,736
Total additional present worth of cost Tk. 43,62,862

":..'-.7-- Engineering .and "administration (15%)

- ------AdditionaI capitel coat

(A) EAST POLDER: DRAINAGE-STRUCTURES'COST FOR INDEPENDENTLY
FUNCTIONING POLDER-I. POLDER-II AND POLDER-III

-2)' - In :the. 2nd yesr.::.construction 'period._.r---_\?O% of capital cost)

o and M cost (annually 1% of capital cost for
3rd year through 25th yoa~ of project life)
Total additional present worth of cost

/ \
(B) WEST POLDER: DRAINAGE STRUCTURE COST FOR INDEPENDENTLY

FUNCTIONING POLDER-IV AND PDLDER-V

- .



118

/

4) 1\ two year constI"uction period was assumed. About .30% and

70% of construction work was assumed to be completed in the

first-and~second.year of the'project~life.

5) Additional' annual benefit derived from crop dameges was based on

the average of four storms of 1962, 1963, 1968 and 1969 (from

Table 7.10).

6) ,.'c':-~..~fwo.:prDbilbilitie s 'of-bI'eachirig-ofembankmerit (0,.4 and 0.25) -were

considered in the analysis •

. 7.6.2.2 -Incremental"benefit-cost.ratio
/1

Coneidering ~he,assumptions in article 7.6.2.1, incremental
I' '.

benefit-cost ratios,bf different cases of polder/polders affected by

embankment breaching (Col. 1 of Table 7.19) and protected from the flood

(Col. 2 of Table 7.19) were calculated. Incremental benefit-cost ratios

are shown in Table 7.19. A average additional annual benefit (average

of crop damage of four storms) was calculated from Table 7.10 for each

case of polder/polders with or without embankment breaching. The average

in'cremental benefit-cost ratios of East and West Polder were found as

5.55 and 16.64 (Table 7.19) for an average probability of breaching of

0.40 in any-yeai'. Similarly the average incremental benefit-cost ratios

of East and West Polder were found as 3.47 and 10.40 (Table 7.19) for

an average prObability of breaching of 0.25. The average incremental

benef~t-cost ratios. of whole project area for Small Polder Scheme were

calculated as 8.32 and 5.20 for 0.4 and 0.25 breaching probabilities

respectively.
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ESTIMATION OF 8ENEFIT-COST RATIO FOR ECONOMIC STUDY OF '~M?LL POLDER 11C,~E~E TA8LE 7.19

'I I II i,

POLDER POLDER ANNUAL DISCOUNT PRESENT WORTH OF ,CAPITAL PRqENT 8ENEFIT-COST (8/C) REMARKS
AFFECTED 8Y PROTECTED 8ENEFIT 8ENEFIT (TK.) rDR COST WORTH " '.. RATIO FOR PR08A8ILITY
BREACHING FROM THE (AVG.DF NET FACTOR PROBABILITY OF (TK. ) OF COST OF 8REACHING IN ANY
OF BREACHING OF FLOOD DAMAGE 8REACHING IN ANY YEAR (TK.).' YEAR
EMBANKMENT EM8ANKMENT FROM TA8LE 0.4 0.25 , . 0.40 0.25

7.10(TK.) J' ?' \

PDLDER-I POLDEf1-11 AND 56030000 6.46415 144B74510 905465BO 20164771 16909263 B.56 5.35
POLDER-III

23016000 " , .\
POLDER-II POLDER-III AND 59511541 37194719 " 3.52 2.20

"
, IPOLDER-I

POLDER-II! POLDER-I AND 65988000 " 170622510 1066390BO " , " 10.10 6.31, , 0:
POLDER-II. w

0
-'0

POLDER-I AND POLDER-I I! 6529000 " 16881771 10551109 " . . " - 0.99 0.62 0-,
>-POLDER-I! U1
'"

"
w

POLDER-I! .AND POLDER-j 16487000 42629770 26643610 , " " 2.53 1.58 .
POLDER-II!

PDLDER':'II! POLDER-II 49501000 " 127992740 79995472 " " 7.57 4.73
AND POLDER-I ' "

POLDER-IV POLDER-V 25986000 " 67190950 41~9435D. 5202835 4362862 15.41 ." 9.63 0:
W

>-0
i U1-'

PDLDER:-V POLDER-IV 30119000 " 77877482 48673433 " " , 17.86 11•16 ~~,

~.~
LD
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CONCLUSION AND RECOMMENDATION FOR THE FURTHER STUDY

-S.1 Conclusion
./

The main objective of the study was to find an economic flood

protection scheme for the Halda river valley on engineering considerations.

~.-.-In tbe_embankment .design.con-sideration,two alternatives of

50-year and 25-year flood frequencies were studied'. 'The-'tapital-cost:s.o'f--

two embankment plens of SO-year and 2S-yeeI'flood frequencies were found

to be-Tko .76.5S- end Tk. 64.3S milTions.Tespectively. _ The-.benefit-cost

ratios of these embankment plans were'S.57 and 9.66. It is thus "seen,
I ,

that the embankment/project of_25-year flood frequenc.y: . is comparatively
'-

more economic ..

In planning consideration, another elternative .of Small Polder

Scheme compared to Large Polder Scheme Was analysed for the same area.

Considering the Large East Polder coneisting of three small polders and

west Polder consisting of two small polders separately, it was seen that

the average incremental benefit-cost ratios of Small Polder Scheme for

Large East and West Polder areas were 5.55 and 16.64 respectively for

0.4 breaching.probability in anyyear._ Similarly, the-average incremental

benefit-cost ratios of Small Polder Scheme for both the large polder

areas were found to be 3.47 and 10.40 respectively for a breaching

probability of 0.25. The average incremental benefit-cost ratios of Small

Polder Scheme for the whole projsct area wsre 8.32 and 5.20 for breaching

probabilities of 0.4 and 0.25 respectively. It is seen that the constructio



!

._, ~--~ --" --------------- ~- .._-- -

poseible reservoire aitee and their capacitiee and.reservoir

respect, would include a topographical survey of hilly areae,

irrigation during the dry season. A detailsd study in this

storage reservoir to control the flood in monsoon and to provide

for hydra-power generation. An economic comparison of such

operation. policy. Such reservoir project could alao be used

any brsach of embankment in any small polder an ather small

flaw and flood characteristics and to analyse the effect of

(1) A mathematical model of Halda river is necessary to study the

a project with the preeently planned schemes could bring aut

Considering the,:experience. gained while working an this research

polder/polders (upstream/downstream).

Considering the engineering design and planning concepts,finally

.121

(2) The upstream hilly areas of the project Can be planned as

Considering the probability of breach in embankment, it can be concluded

that.the~Small.Polder. .Schemeis.more. beneficial. than.Large.Polder-Scheme.

of two small polders for Large West Polder ..area is more economic.

it Can be concluded that embankment section of 25-year flood frequency with

five small.polders can provide optimum. flood.protection for the project.

area •.,_The"Small: Pplder..Scheme ..wi.th.embankmeritC5f....25-year,Hood, frequency

is the.economically feasible and technically viable flood protection
project for Halda River Valley.

8.2 .Recommendati~n,for.further study

project the fallowing items of works can be recommended for further study.
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the best mode of development of water reeourcee in the area;

(3) A-detailed- study on-the-breaches"of -embankment,--the-nature

of the breaches and damages as -direct and indirect caused by

such breaches is lacking. Such a field study on breaches is

necessary to evaluate the impact of embankments on flood
.r _•.', .':control .~older. 5cbemes.

r
/
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COMPUTATION OF EARTHWORK VOLU~Ei i 'APPENDIX A

EMBANKMENT LENGTH CREST GROUND HEIGHT WlOTH( FT.) LoNGlTU- SIDE VOLUME REMARKS
(FT.) ELV. ELV. (FT.) . ' TOP :80TTOM oiNAL SLOPE (0100 eFT)

(F'l".S08) (FT. S08) ... SLOPE
A. EARTHWORK VOLUME OF EXISTING VILLAGE ROADS

KARNAFULI RIGHT 8ANK EM8ANKMENT 46000 8-1S 6-B 2-9 4-9" 8-3S - - 2399.6S EAS'l"POLDERUPTO CHIT'l"AGONG-KAPTAI 8RIoGE
CHITTAGONG-KAPTAI BRIDGE TO 47200 9-13 6-8 1-5 3-lli 4-22 - - 1134.B55ARTAGHAT 8RIoGE -1.1
SARTAGHAT BRIDGE TO HIGH LAND 27000 11-17 B-lo 3-7 6-10 8-24 - - 1202.40. 'CHITTAGoNG-KAPTAI 8RIoGE TO S6000 9-1S 7-9 2-4, 4-20 4-48 - - 2165.05 WEST POLDER80ALIA REGULATOR .•..••.~-.-' I

BQ~LIA REGULATOR TO HIGH LAND 49000 10-15 9-13 1_0 2-14 4-80 - - 1610.10
"'~ TOTAL = B512.05, ,,,8. EARTHWORK VOLUME OF EM8ANKMENT DESIGN FOR 50-YEAR FLOOD ,

22304.83KARNAFULI RIGHT 8ANK EMBANKMENT 46000 18.50 6-8 10-12' 14 96-76 0.000" " cis 1:2 EAST POLDERUPTO CHITTAGONG-KAPTAI BRIDGE Ris 1,3
CHITTAGoNG-KAPTAI BRIDGE TO 47200 18.50-25 6-B 13,.17 14 56-75 0.00026 cis 1:2 26427.53SARTAGHAT BRIDGE 'Rls 1,2SARTAGHAT 8RIoGE TO HIGH LAND 27000 , 25-26 8-10 16-17 14 76-81 0.000037 " 21265. Hi
CHI'l"TAGONG-KAPTAI BRIDGE TO 56000 18.50-25 7-9 10-16 '4 ...54-79 0.000086 cis 1,2 304B2.30 WE5T POLDER80ALIA REGULATOR Rls 1:2BOALIA REGULATOR TO HIGH LAND 49000 25-26.40 9-13 13-17 14 67-B3 0.000038 " 365OB.65

,
" TOTAL _136988.49

C. EARTHWORK VOLUME OF EMBANKMENT DESIGN FOR '25-YEAR FLOOD:
6-8

--.. -KARNAFULI RIGHT BANK EMBANKMEN'l" 46000 17.50 9-11 14 61-71 0.000 cis 1:2 19165.41 EAST POLDER
UPTO CHITTAGONG-KAPTAI BRIDGE Ris 1:3

\ CHITTAGONG-KAPTAI BRIDGE TO 47200 17.50-24 6-8 9-16 14, ,52-7B 0.00026 cis 1:2 23310.92SARTAGHAT BRIDGE Ris 1:2SARTAGHAT BRIDGE TO HIGH LAND 27000 24-25 8-10 14-16 14 72-78 0.000037 " 19142.88
CHITTAGONG-KAPTAI 8RIoGE TO ' 56000 17.50-24 7-9 9-15 52-75 ' ' , cis 1:2 26955.6414 0.099086 WEST POLDERBoALIA REGULATOR Rls 1:2 IBoALIA REGULATOR TO HIGH LAND 49000 24-25.40 9-13 11-15 14 59-77 0.000038 " ,31385.76

,~T~TAL= 119960.61 '".'"
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