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ABSTRACT

For the flood protection of Halda river valley comprising an

area of about 45,000 acres of cultivabls land, IECO, Consultants of

Bangladesh Water Development Board in 1974 proposed to construct twe

large polders as East and West Polders with embankments designed for
flood of S0 year return period.- Instead of constructing two large pnlders
on the east and west banks of Halda river, five amall polders can bg —— -
planned using Fwo axistiné roads i.e. Chittagong-Kaptai and Chittagong-
Rangamati roads as embankment with the provision of a feuw drainége
—~g8luices at road crossings with- channels.  The advantags of ﬁhe= Small
Polder Scheme is that if any breach in embankment occursy ‘only-that
smaller area will be affected and thaAremaining poldefs will be
unaffected from flood inundation. 0On the other hand, with targe Polder

Scheme a breach in embankment will inundate -a larger area.

In the analysis, two alternative embankment plans of 50 and
25-year flood return periods were studied for the project area. The annual
benafit for both the cases were assumeﬁ to be same and was derived from
increased crop intensity as well as improved crop yields.- The capital
costs of embankment construction wers found to be Tk. 76.58 and Tk.54.38
millions for embankment 'designed for S0-year and 2S-year flood,
respectively. Accumuleted present worth of benefits considering -
15% discount factor were found to be Tk, 549.37 and Tk. 517.G4
millions, rsspactiusly. The benefit-cost ratios merelcalculated as 8.57
and 9.66 for embankment designed for SO0 and 2S-year floods, thus making the

embankment plan of 2S-year return period mors economic.
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In the anélysis of Small Polder Schéme compagad to Large
Polder Schems if was found that an additiﬁnal capital cest af drainage
sluices amounting to Tk. 20.16 millions is raquifed for prauiding
drainage Faéility_to each of the three émall Polder-I, 1I and III of
Large East Polder area. Similarly, another additional capital cost-of
drainage sluices amounting to Tk. 5.20 million is required to divide

the Large iest pnlqezlgxea into two Smallipolder—lu and Polder-V. The

additional benefit for the Small Polder Scheme was derived from net crop
damage. The net crop damage was obtained from four major séor@s of 1962£}
1963, 1968 and 1569 considering with and without embankment conditiaons,
The additional bana%it:uhich is the average of ﬁet crop damage of four
storms of diffsrent cases of polder/polders affected by embankment
breaching and protected from the flood was determined considering the

two large polders éeparately. The additional annual benefits for aach

of the cases were obtained using probabilities of biSaching of 0.4 and
0.25 in any year. The incremental benefit—cost ratios were calculated
ccnsideriné 25 year praject 1ife as the embankment plan of 25—yéar flood
return period was found econemic =nd salabted for flood protection. Thé
average incremental benefit-cost ratics of Small Polder Scheme for the
project aréa were found as 5.32 and 5.20 for breaching probabilities of

G.40 and 0.25, respectively.

Analysing the engineering design and planning aspscts, it has
been concluded that the flood control by‘Small Polder Scheme having
embankments of 2S-ysar flood frequency is ecoﬁnmically féasible and
technically viable for Halds river valley. This embankment projéct can

be recommended for implementation.
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CHAPTER - 1

INTROQUCTION

1.1 General

Hﬁman ciuiliiation developad n;ar rivers and fiocdplains from
the creatian of the Earth, as adequgte:quantity of uatB; fof-drinkiﬁg and
i;rigation purposes, case of travsel, trada etc. through waterways and the
fertile_agricultural land of the floodplains have attracted peopia‘ta
settle themselves.. As civilization start in such places, man's lifé fall
in tremendous hazard by Dccasionalrflooding of the flcodplain. The
uncontnclleduﬂloéd—6ausas'not only:damagegfto—crnp andépnoperty but also
lossses i; liﬁestbck;‘damage to homestéads,'disruption df transportation;

other losses and untold suffering to the affacted'peupla. These hazards

by flooding can be minimised by flood protection-embankment.

Halda r%u;r vallsy is one of the largest floodplain of Karnafu}i
river system of which Halda river is a tributary. A location map of the
project area is giuen in Figure 1.1. The"auaréga maximum flood depth is
about six-feet in monsocon 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
écras of cultivéﬁla lands aﬁd will —ensure double crepping in most of the
low lying areas which are now being cultivated for single crop. Overall
" protection from floods has a psychological effect on the minds of the

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

damage.,
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1.2 ‘Previous embankment schemes for project area

Dé@elbpment of the whole Halda ualley'comprising‘of aboyt-84,600
-acres of cultivable- land by irrigation, floodicontror‘and drainage-was: studied
by Justin — Courtney — Hohiweg - uatts:(JDHM): during the period 1965 to
1968 (JCHW, 1968). Their findings werse pres;nted in a feasibility report
published in May, 1968. In-that report a cost bomparison was made between
-a~ proposed- plan fgr'irrigation by-pumpingﬁfrom-the Karnafuli river . with a
large pumping-plant and-an-alternative planmwhich,included the development
of two storagé reservoirs on the Halda river and the Dhurang khal. The
irrigation by’Pumping‘altarﬁatiue was- found -to-be alightly mqrefeéﬁnomical
and recommended -for impIgmenéation. JCHW alsoc suggested coﬁstruétion of two
large embankmenfs on both %ides;cf Halda river For the lower Halda valley

comprising a cultivable area of about 45,000 acres. The two large polders are

shown in Figure 1.2 (a).

In a subsequent review of the feasibility report, International Bank
for Reconstruction and Develeopment (IBRD) recommended -that the report be
updated in the light of additional available data and the new concepts of

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

‘Between July 1970 and November 1970, another study was conducted by
International Engineering Co. Inc;(IECU)- in that gstudy IECO proposed to p;ouide
embankment for lower Halda valley along the right bank of the Karnafuli river,
an both banks of the Halda river, on south bank of Scnai khal and Sartakhal,
and on bath banks of the K;agatia khal as well aa Parakhali khal (IECO,1974 b).

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

shown in Figure 1.2 (b).
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During April 1973 through March 1974, a rsuised.feasibility
study uas.carried out by a joint venture of IFCO and Rahman and Associates
2 "{IECOD, 1974 b). In that study.they proposed the most economic plan
for irrigétinn on the lower Halda ualley;of 40,000 acres of irrigable
land by surface wate;. The frash waterfihat enters through the existing
khals during high tides will be stared in the khal by operating fifteen
reéulators. These regul=ztors are locatedlalong the embankment an the
- . .khals:~ Irrigation watap uill"bE‘prpuidedito"mnst:nf the irrigablse land
by pumping this water using low 1ift pumps (LLP) for high yield variety
(HYV) rice cultivation in dry season. The drainage would be.accomplished
;*‘"“by*operating::agulat?rS“along*with:imprauemant of drainage channels ~ and

by constructing two drainage'pumping plants at the lowsr Halda valley,

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

Polder by right Karnafuli dyke and extended Halda east embankment along
the south bagnk of - Sarta khal and West Polder by the Halda west embankment

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

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

. 1
which was completed in Decembsr 1975, recommended that the main components
of the project be based on the revised feasibility report of March 1974 of

IECO. - A summary af the ':. dppraisal is as follous (World Bank, 1975 ):

1) Construction of sixteen gated regulators at the sutlets of

khals to the Karnafuli and Halda rivers;

.2) Construction of five cargo-tramnsfer stations  at selected

regulatar sites;
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- 3) Improvement of about 41 miles of existing khals and the

excavation of about 6.5 miles of new khals;

4) -Twenty -seven pumping stations with-a-total’of 71 low'lift,

2 cfs. pumps {or equivalent) to irrigats the higher areas;

5) Installation of about 710 low 1ift, diesel-powered 2 cfs.
pumps {of which zhout 410.are for replacing the existing pumps)
_to -raise water from the.khals to adjacent low farm lands for

irrigation;

6) Construction-of-small- earthfill khal check structurss; and

;

7) . Cohstructioﬁ of, flood protection. embankments of about 36 miles
!
with some borrow pit areas to be wused for drainage and

water supply.

It should be noted hers that, two pumping plants of 1200. cusec
and 800 cusec in east and west side of Halde river respectively, located
sbout 6,000 ft. upstream of the Chittagong Kaptai Bridge as proposed by
IECO in 1974 for drainage as well as .irrigaticn haa not been provided in

the Appraisal Repert (Qasem, 1984).

. . As per Appraisal Report, project work started in the year 1975,
and by 1982 almost all the major components of the project work was completed
except 27 pumping staticns and flood embankment on the right bank of Karnafuli =

and both banks of Halde river (Qasem, 1984). The proposad embankment designed

for 5g year floods diﬁidé the. project arsa into two large polders and




involve huge construction coéts and veluable land acquisition. The
chain of villages along ths river banks, highly developed with numerous
pucca homesteads,‘Fall'along tHe-proposed embankment alignment-{Ahmed, 1983).
As a result, the ;Ffectad-uillagers opposed.the construction of the embank-
mént at the very inception of the projectf As such the preject éufhority
had submitted a report to the World Bank Resident Mission ip Bangladesh
for deletion of the-embankment, designed by the-consultant and-an alternative
"“suggestioﬁ was*éiven-to-construcﬁ an-embankment -of reduced-height -by-connec-
ting thes existing village roads {Qasem, 1984). The roads will have to be
redesigned and upgraded for this purpose: . However; the-modified alignment
af the“proposediembankmeqtjis in- the prﬁximity'of thé'proposad'earlier
embankment alignment (Ahéed,(1983). In 1982, Irrigation Engineer of IDA
Mission, Bangladesﬁ, aduised to conduct a survey along the village roads
which may serve as embankment of less than SO year flnod.- From this
survay it has been found that with partial improﬁemént, the existing village
roéds parallel to.Halda_river banks can be utilized as embankments along
the eésf and west floodplains of Halda river to protect the area from

averbank flows. The east and west floodplain of Halda at the lower

reach of the river are also intersected by twc motorable roads {Chittagong-

Kaptai road and Chittagang—ﬂangamati road) running along ths east-west dirsction.
~ ~These roads divide the area into six small regions :as shouwn in Figure 1.2(c).

One of the small regiocn on the right bank of Karnafuli river near Chittagong

-City is comparatively raised and rapid expansion. of the Chittagong muﬁicipal

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

any Flooa control embankment. The remaining five regions of huge cultivable

land can be planned as individual small polders.




1.3 The importance of the study L -

The purpose of this research is teo ﬁlan an sconomic flood
embankment for a2 floodplain 5y~several~small polders instead of a large
polder. This study will provide a helpful guideline in planning future
floed control projescts by a2 planner. Thié study will alsurprcuida a
" methodology of ecoﬁomic analysis of Smali Polders Scheme compared to
: Large—PoldervSphama. In Bangladesh,. thse existing roads are"gana;ally
'aﬁoue the normal flood level and if they cross.a fleoodplain diuiding

the arsa inteo several amall poldsrs, these roads can be economically

used as embankment with proper planning to get an seconomic flood

embankment project. 4

:

1.4 Scope and objective of the study

Two reputed consulting firms have planned.to provide fleood
protection for lower Halda valley., JCHW (1968) suggested two large.polders
to be constructed by embankments along the banks of Karnafuli: and Halda
river and IECQ (1970) suggestgd four small ‘poldsrs using embankmqnts
along the banks of Haida riuér, Khagali khal and Parakhali khal. Natﬁrally
the investment cost for small poldsr system will be comparatively higher. |
This involve.additionel cost df earthwork and land acquisition for
secondary embankments along ths banks of khals. 1If the area is poldered
inéo five small polders, as suggested in the present study tweo existing

motorable roads can be utilised as the secondary smbankments. This

small polder system fsquire a minor cost of a feu drainage regulators

~at the road crossings with khals,




It is possible to build a la;ge polder on each bank of the
Halda river. Again several small polders may te built on each bank. The
advantage of a large pdldar*is'ecanomy"in-cnnstruction,—but&diséduantage'
is that if thers is a breach in the embangment, a large area wili be
inundated. On thg othsr hand, if 3susraf smaller polders are built in
place of one large polder, the construction coat will be more but in
cas; of breach-in- embankment-a smaller érea will be. inundated.- Thus it
is ‘likely thaé'a Small Polder- Scheme milllbélbeneficial compared to a

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

area will be less for the former scheme.

The objective df the proposed research is to choose Prom tuwo
i /

¥

possibls polder schemss: one consisting of two large polders and the
other of five smaller polders in the lowsr Halda floodplain, the ons
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,ons
consisting of two large polders and the cther of five

small polders, in terms of hbenefit-cost ratio. .

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

25-year flood.

3) Planning of infrastructures, such as embankment and
drainage!sluicas for both the polder schemes far flood

control and drainage of the praject area.r




10
CHAPTER - 2

DESCRIPTION OF THE STUDY AREA

The Halda unit of Karnafuli -Irrigation Project is to provide
irrigation and drainage facilities and imﬁroved agricultuyral suppdrf
services to farms in a net cultivable area of about 45,000 acréé in
theliower Halda valley. Irrigation water is to be provided by low 1lift
pumps-from ank;mprousd khal- system.. The khal system wiil.retain the
-..tidal recharge coming into the preoject area and water level will be
maintained by the existing regulators. At present drainage is prohided
py the improved khals ~di§charging into Halda and. Karnafuli -rivers.
Almost all the major components of the pfoject work was compléted dd;ing.
the years 1975-1984 as eénpo;ed in the Appraisal Repcrt.nf the project’:

except flood embankments.
2.1 ‘Location

The project area is located arocund the Haelda tributary of ths
Karnafuli river in south east Bangladesh near the coast of the Bay of
Bangal, soms 130 miles from Dhaka. The'prcjabt area-comprisas.parts af
the Rauzan aﬂd Hathazari Upazillas of Ehittaéong district. Latitudes and
longitudes qfthe_pfaject area-are 22025'—22035' and 91045;_91060' res-—
pectiueiy. The project area 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 arsa. These
roads are above flood level and can be used as embankments for small polders.

A paved highway from Chittagong to Kaptai cuts across the souther part of
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the project. Another paved highway, which connects Chittagong with
' fangamati, extends 10 miles up the west side of the Halda valley to
Hathazéfi where it turns east and crosses the valley. A minor upgrading

of this road may be-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 the:Sitakunda ‘Range to the west and the Chittageng Hill -Tracts to —
the east. In éhe sbﬁthern‘part’of'the vallsy the lowest land is generally :
located about midway between the ﬁalda river and the foot of the hills on
sach..side. The= slopes are- gentls, ‘almost flat.- Elevation ranges from
about 6 feet (S0B) in—the low areas tao- abuut 14= feet {508) along the: banks
of the Halda and Karnafuli.rivers. In the upper part of the valley the
slopes are more irregulgr although the variations in elevationsa are
generally small excépt.near the hills. A large depression, ths Boalia Bil,
is located west.of the Halda river and 10 hiles north of the‘Karnafuli

river. The valley flooedplain. narrows gradually upstream from the confluence

of the Halda. river and Dhurang. khal.

The hills surrounding the Halda vallsy and the bédrock uﬁderlying
the flood plain aré formed by plio-pleistocene sedimantsrcohsiéting of
“m goft friable-sand's£anes,'siltétones and shale. The alluvium in the flood-
plain consists aof stream—deposited sand, silt and clayf The thickness is
" unknown, but it probably reaches 300 to 400 feet or more in the south

cantral part of the valley (IECO 1974 b).
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2.3 River System -

The Halda tributary of Karnafuli river is a meandering stream

“with_a number of ox=bow~ bends emerging-from the-hills which are ‘located

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

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

The major tributary khals as shown in Figure 1.1 on the eastern bank of
Halda. river are;-Dabu khal,. Khagatia khal, Magdal khal, Sakarda khel and
Baruakhali khal.. Uhalong khal and Had khal:-of the valley discharge into -

the Kafnafuli rivaer. Madari khal, Parakhali khal, Chenkhali khal znd Boalia

-khal ara;major’tributary khals on the western bank-e¢f Halda river. Sarta

khal "is.just outside the project- areai: The-average-discharge of - .Halda

river atTFatikchari-gag;ﬁg :statioﬁ'is estimated- to be 1,090“cgsecs; Tha
dry-season discharges ;;nge from 10 to 100 cusecs in dry year and from

20 to 200 cusecs in the wet year. Thg lowest flows occur normally in
April. The highest recorded discharge of 30,000 cusecs occured aon July
10, 1968 and the corresponding river stage was 38.0 feet Survey of Banglé—
desh ($08) datum. The Halda river fipally discharge to Karnafuli ;iuer

near Madana ghat about 8.5 miles upstream of Chittacgong Po;t. The intrusion
o% saline water reached about four miles dounstream of Halda and Karnafuli
confluence. The lacation of qifferent hydraulic gage stéticﬁs are shown in

figure.1,1. Typical hydrographs of Halda river at Enayathat location is

given in fFigure 2.1.

2.4 So0ils

.

So0ils of the propased project area are deep and nearly level. Where
slight natural gradients occur, individual plots have been levelled to form

terraces, Top soil textures range from lgam to clay, with silty clay locam
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and silty clay being the most common (JCHW, 1968 a). Soil permeability is |
low to moderate and is excellent for rice producticn. The area is seasonally
flnoﬁéd with depthsuseldum exceeding_d feet (IECO, 1974 b). Most of the_ . .
area is suitable-for transplanted Aman during - the wst-'season although the

obtained yields are below optimum.
2.5 Climate

_ The project ~area has‘thrEE?main-se;sons: the monsoon from June to -
Octobsr, duripg which about 80%'of-tota1 annual rainfall is recorded, the )
dry season from November to february, which has very little rainfall and

—the lowest temperature and-humidities,--and the pre-monscon season...from
March to May, which haé the-higheét‘tembératures and‘évaporatinn rates wifﬁ’“
occasional heavy raing;tofﬁs. Cyclanes, originating in Bay of Bangal in
April-may and Ssptember-November, periodically cause severe damage along
the coast, west of the project area. Mean monthly temperatures vary between
670 F in Januar? and 83° F in may (IECO,-1574 b). The mean diuranal range
in temperatures is about 200 f in the dry season, and 8° F in the rainy
gseason. ARelative humidity ranges from 65% to 85%. Annual rainfall averages

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

s

in may (IECO, 1974 b).
2.6 - Existing Irrigation e

Diuranal tidal fluctuations in the Bay of 8Bangal causes a back up
‘of fresh water in the Karnafuli and into the Halda rivers and hence into
the khals thrcughoutlfha project area. At present this surface water is
pFouided for irrigation by single 1ifting, using most of the purchased 800

LLP for HYVY rice cultivation during dry season (Qasem, 1984).
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The water is obtained from existing khal network where high tide water
_level is maintained by the operation of 15 gatéd regulators at the outfall
of khéis to Karnafuli and Halda river along proposed embankment alignment.
Auerage*cnmmand area per ‘2=cusecspump ‘is about 40 -acres.About 25,000-acres

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

-—

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

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

2.7 - Existing Drainage

Orainage in ihe'proj9ct area is'rudimentary. Khals convey excess
water to the principal rivers; which are-backed up during high-tides. Large
areas are thus flooded several times during a md;sﬁon-éeason with canééqusnth
reduction of crop yieldg; The water levels in the khals are low during dry
season since there is_practically na rainfall from November through April.
Therefore drainage during dry ssason normally dees not present any problem

in the project area.

2.8 Agricultursl- development

-

The econamy of the Halda valley is very much dependent ogn agriculture.
presently existing crops and cropping patterns. are. dictated almost entirely
by flooding and drainage conditions in wet season and by lack of meisture in

the ‘higher land in dry season.

Rice is the main crop in the project area. There are three varieties
of rice — Aus, Aman and Boro. Aus, a crop with a short growth period. is -
usually broadcast with the easrly rains in March - April and hervested in July-

august. Aman, the main crop, is almost always transplanted.
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Broadcasted Aman (B.Aman) is sown generally in June — July and

Transplanted Aﬁan (T.Aman} is transplanted ~a month later; and both are
haruested in November - Decamber. However, in some low lying _areas,

- tranéplantihg (Aman) iéndelgyeﬁ'Until, the. monsoon .flood .recedes .or if

flood depths in July - Auggst destroy the young plants befere they become

méll egstablished. Borﬁ, which is cultivated with irrigaticn, is sown in
December - January, transplanted a month latsr and harvested in May - June.

The yislds of local uarieties; are relatively low: 0.5 tons/acre-for Aus;
0.8—t§ns%acre~éorrﬂmaniandrﬁ.g tons/facre for.Boro:(World Bank:.1975): The -
HYV Aus, Aman and Boro presently give yields of about 1.0, 1.2 and 1.7 tons

per acre - respectively. During dry season RaEi crops like Potato, Pulses,
Oilseeds and Uegetable§“eﬁb; are grown utilizing residual moisture-after T

the harvesting of the ricé crop. No jute is grown in. this area.
; .

2.9 Present cropping pattern without embankment

The most common cropping pattern in the project area is the
cultivation of HYV-Boro as a single crop. This {s*grown in medium to medium
low lands by surface water irrigetion in dry season. Most of the low lying
lands do not allow to go for sécand crop-(Am&n).:Rémaining land af rslatively

less flood depth is used for T. Aman as a chance crop. HYV-Bore is also

cultivated in the higher land by - ground water irrigation as these lands are
- comparatively - flood free. These lands can be used for second. crop in the

monsoon for growing Aman rice.

The next important pattern is the growing of Aman {Transplanted)
followed by Aus in the sams field. This is grown in medium high to medium
lands. Some times it is also practiced on the medium low lands, but in that

case Aus 1s generally grown transplanted.

~
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The third impoftant 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 field~in. a year.
The crops grown in this pattern are Aus, Transplanted Aman and various

Rabi crops.

- Present cropping pattern is shoun iﬁ Table 2.1 and cropping
calendar -is-shown in.Figure 2,7.--This .crop calendar.represents  the ——
agricultural data published in Upazila Statistics of recent years (88S,

1985). The present cropping-intensity of the proposed projsct'aréa

‘s 181%. ' o o , .

'3




PRESENT CROPPING PATTERN
TOTAL CULTIVABLE AREA 45,000 ACRES

TABLE - 2.1

-{ AREA IN ACRE ) -

8L

ELEVATION BORD( LY /HYV) AUS{LV/HYV) AMAN(LY) -/ - RABI
(FT. SOB) EAST WEST EAST WEST EAST ~ UWEST . EAST ~UEST AEMARKS
POLDER POLDER POLDER POLDER POLDER POLDER POLDER POLDER
500{Lvys) s00{Lvs) 8OD{LvVSB) ~70C(LVSB) i
s-8 5,500(Hvu$) 3,500{HYVS) o v . éo:o igrigation
8, 500(HYv) 4,500(HYV) §,500(LVB) 4,500{Lv8) by surface water
2,000(HYV) '1,DDD(HYU) 2,000(Lve) 1,000({LVB)
: n
8 -0 : 2,000(LVB) 2,000(LvB)  2,000(LYT) 2,000{LVT)
' 1,000{HYV)  2,000(HYV) 1,006(LYT) z,UDthbe
10 - 20 1,000{LvT)  2,000{LyT) 1,000(LVT) 2,000(LYT) ééro irrigation
| 2,600(LvT)  1,000(LyT)  2,000(LyT) .1,000(LVT) 2,000 1,000 DY 9Teund weter
2,700{LyT) 1,B00{LVT) . 4 Ié,?on_ 1,800
S00(LVS) 500(LYS)  2,000{LVB) 2,000{Lv8) 11,3000(Lva) 6,200(Lv8)
TOTAL 17,G00(Hyy)  11,0008(HYV)  5,700(LVT) 4,800(LYT) &,000{LvT 7,000(LV¥T) 4,7000 2,BOC
LY - Lo::all\lariety, HYY - High Yield Varisty, 8 - Broadcast rica, T- Trahépl;:;tad rice and § - Sing;la crop
EAST PDLDéR (1) single crop - 6,800 acres, (2) Double craﬁ - 17,200 aéras‘aﬁd {3) Triple crop - 2;000 acres
WEST POLDER : {1) Single crop - 4,700 acres, {2) Doublse crap - 13,300 acres and (3) Triplé crop ~ 1,000 acres
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/.P B AUS (LV) -~ /LP/ ~ I T.AMAN: {LV)

/LP T.aus (LV)ANYV) /ip T. AMAN (LV) A HYV)
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]
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i
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| 1 i
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LP =~ LAND PREPARATION
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_LVT- LOCAL VARIETY TRANSPLANTED
KYV~ HIGH YIELD VARIETY

FIGURE 2.2: CROPPING CALENDARi
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CHAPTER —. 3

- -

REVIEW OF PREVIOUS FLOOD AND DRAINAGE STUDIES

Flood and drainage studies of the project arsa were done by
.JCHm (1968) and IECO (1974). To provide flood protection,JCHY proposed
to construct embankments of 10 year return period aleong the east and '
west bank oFVHalda river. To solve the resulting drainage congestion of

West Polder area;ﬂékay;suggested’a large. drain~{West Main drain)- for .
the lower area west of the Halda riveEmétéfting from Chittagong-Rangamati
Highway- to enter the Hélda riuerfjust_abuue the chittagong-Kaptai Highway
. -(JCHW}1gsé a);_tchw:alsptprnpoéed*tuife—excauaté'thahother major channels e

to drain the East Polder area. They proposed to caonstruct only . five

i
!

drainage structures at thé embankment crossing with Had khal, Magdel khal,
Khagatia 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 irrigatian maré~alsc-proposed in their development- plan.

- IECO {1974) in.their study also recommended the same embankmaents
as suggestsd by JCHW for flood protection but the smbankment was designed
for 50-year flood refurn period. To solve drainage ppob;em,_IECU,propoéed
to re-—excavate all the existing channels. They suggested to construct

;15~drainagensluices-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 1582.

o
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Major drainage chénﬁsls and sluices were implemented as per
IECO's design. The present study is the extension of IECO's study, as

- -such IECO's- studies on. flood control and-drainage are described .in. the

subsequent articles.

3.1 Flood studies’

]
i

— The flond,studies,nf‘the,project area were dane_by IECO in 1974

b

"~ (IECD, 1974 aj.—These studies "wers-done to get the-flood water surface - -

profiles af Halda river for different flood frequencies.. IECC analysed

--— -hydrological. records of'diﬂfepentmstationsvfhat were-available upto 1969.
3.%1.1  Flood frequeﬁcyiénalysis of Halda river at Fatikechari

. ’/‘ S
The flood water surfaés profile of S580-year rscurrenée interval

was obtained from 50-year précipitation record.The precipitation of 1968-,
was taken as SD-year-precipitation. Other profiles for 25 and 10 year

—~ recurrence- intervals were obtained from the linear ratics of - discharge
of S0-year to 25-year and S0-year t0710-yeér at Fatikchari (from Figure
3.1). IECO computed the annd;i peak discharges of Fatikchari considering
channel flows as well as overland flows from 1954 to 1969 (I;QQ,1974 aj).
"DOver land flow was considered as the flow over floodplain for a sectional

- - .area.across the~length of Halda river at Fatikchari. .Apnual peak

discharges and recurrence intervals of Halda river at Fatikchari is

shown in Figure 3.1.
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|t‘ °

3.1.2 Design discharges

**The S0-ysar flood- was cuhputed by. IECO (1974 a) from a SO-year
precipitation considering the drainage areas of the tributaries of Halda
river as given below, The computed 50-year flood of Halda river at

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

(without panding)-cusecs, respectively. "

“fributarz _ . ..prainage- area:(sq. miles)

Haldz river at Fatikchari - 225.00

Durang~khal at Fatikchari -._  | - .90,00

Sua khal : S o ss.a0

Talpari khal ,j o . , 76.50
.Sonai_khal ; - 16.50

Sarta khal ' 67.80

Total Halda river at Sarta khal 511.20

The proposed embankments zlong the lower Halda river will cause

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

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

river stage as estimated from back water cémﬁhtaticﬁs staréing at the
....Karnafuli river .(IECD;1974 a). A modified flood flow was considered ahove

the Sarta khsl. The modified flow was considered with embankments,which

will confine =all the flow of wide flﬁodplain to a single channel flow of ~

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

discharge (SO-year flood frequency) at the mouth of Sarta khal was plotted
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and i$ shown in Figure 3.2. The peak discharge of 70,000 cussecs was

assuﬁéd to remain constant from Sartakhal to the mouth of Halda river.

The flood hydrographs for-25 andi10 year return period at
Sarta khal Qere first computgd from-the:ﬁnadjusted flows using the
ratios at Fatikchari of the 50-ysear flbad peak to the 25;year flood peak
as taken from. recurrsnce interval in Figufe 3.1 (1€C0,1974 a). The
Unadjustediflouﬁw§§£coqsidered”g;thinO‘embankmant for the -area. - These
floods were than routed through storage above Sarta khal to determipe
the modified flows {IECD, 1974 a). The estimated peak discharges for 50,
.25 and 1G;yearssf9tu%n periad: ativarious-points along the:-Halda-river

were as followsi H ,

H H
)
!

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

LOCATTIGGN

RECURRENCE FATIKCHARI SONAT SARTA KHAL

__INTERVAL WITHOUT PONDING MODIFIED*
S0-year 31,900 67,670 77,650 _ 70,000

25-year - 28,000 T 52, 000 68, 500 63,500

10-year 22,700 48,000 55,500 5@, 000

* These discharges ars zssumed to.remain unchanged through the entire
* - reach from Sarta khal to the mouth of Halda river.

3.1.3 Flood watsr surface profiles

The water level in Karnafuli riuér with a recurrence interval
. of 5S0-year would be about 17.5 feet 508, as oﬁtained from figure 3.3

{(1ECO, 1974 a). Of this, about 3 feet riss was considered to be caused
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by ulnd build-up and storm surges on the Bay of Bangal. The top of

_. embankment_in the lower reaches of ‘the Halda (Chittagong-Kaptai Highway
dcwnstfeam)iand the‘Karnafuli“riuar‘uas;aelected-at elevation-18,.5_fest
for 50-year recurrence interval (Eigure 3.3) with the pFuuision‘uf
about 1 feet free board. It will provide 3 feat'cf free board with a
discharge of- 358,000 ﬁusecs-in the Ka£hafulif}iuar with sﬁring tide,

-~- but no wind build-up.- Embankment. heights for -other _flood frequencies

.

are shown in Figure 3.4. S

il

K

The water*leuel of Halda river upstream of tha. Chlttagung-Kapt21 .

- Highway was--based on the-_stags- of Karnafuli rluer. Cnnszdering the

Karnafull river stages for different. flood frequencxes .as-starting

eleuatluns, the backwater studies were made by IECD for Halda river
staftiﬁ§ from Chiﬂtégong—Kaptai gridge. Tha different parameters for 50,
‘ /

25 and 10-year récurrence intervals are as follows:

FLDdD STARTING ELEVATION HALDA LOSSES ANNUAL PEAK DISCHARGE

RECURRENCE IN THE KARNAFULI - THROUGH (CONSTANT FROM SARTA

INTERVAL  RIVER CHITTAGONG- .  KHAL TO MOUTH oF
KAPTAI BRIDGE. HALDA RIVER

50-year 14.50 feet 0.5 feet "~ 70,080 cusecs

25~year 14.30 fast ) 0.3 feet 63,500 cusecs

-10-year ... 13.70" fest .. 0.1 feet 50,008 .cusecs

The results of flood water sgrface profiles Dbtained from
backwatsr studies ForrHalda river afé ﬁfésented in Figure 3.4. Embankment
“heights at different points along the alignmént can-be obtained from that
figqre after addition of a 3 feét freeboard . for 50,25 and 10 years flood

frequencies.
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3.2 brainage studies

The drainaqe studies of the project area wers done by .IECO in
1974 (IEC031974 a):These studies-were. made to. determine the ecénomic
feasibility of broviding flood control and drainage for the development of
the project. These studies provids the time, depth and duration of floods

(Figure 3.6) of diffsrent flood frequencies.

,-3.2.1;:w-Drainagé~area'and‘éurfaceﬂrun-eff

The drainage arsas which dictaEe the Fast and Wwest Polder are“-‘
--shown -in- Figure 3.5. The drainage area for East Polder is 70.5 sq.miles
;“"“uhlch consists of Dralnage Polder-I (35 4 sq. miles);Dreinage Poldér-I1 = ~=""
~(21.7 sq. mlles) and the Khagatla khal-area (13.4 sq. mlles) The drainage

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

Polder-1V (30.0 sq.miles),Drainage Polder-V (37.2 miles) and the Parakhali

area (7.2 sg.miles). Boundary of drainage areas are shown in Figure;S.S.

Considering rainfall, evapo—-transpiration, infiltration and
retention etec. the peak_ruanfewa0r~the 3 major storms were calculated

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

ESTIMATED PEAK RUNOFF

PERIOD RETURN POLDER NUMBER ~ TOTAL RAINFALL TDfRL-RUNUFF’ PEAK "RUNOFF

PERIOD OF DAYS (IN INCHES) (IN INCHES)  (CUSECS)

" July,1963  7.52 East 8 24,26 22,39 10, 760 -

: ' West 8 22.25. 20.20 11,850 S
July,1968 S0.00 East 7 42,33 | 40.68 18,400
’ - west 7 : 43.74 41.55 15,270
" pugust, 1969 5.47 Fast- 6 18.36 17.40 11, 540

West & - 18.14 17.05 10,610
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3.2.2 Interior drainage operation studies

-~ -prainage operation.studies. for the East- and West Polder were
also dons for the ysar 1962 through 1968 by IECO (1974 a). In planning

the drainage operation systesm the following factors were considered -
. f .
! .

(a)} Storm- runcff into the ponding area,
- (b) —River stages,
(c) Ponding area—capacity relationships, and

(d) Discharges capacity of pumping blants and/or drainage .

-.8luices

In total, 37 and'ﬁ; ﬂsnts (size S feet x & ?eét) of gated sluices wers

) .
blanned to accomplisé'thé gravity drainage for gast and West Polders
respectively. For pump drainage, different numbers of pumping plants
were considered in addition to the drainage sluices (shown in Figurse 3.6}.
The river steges used in the study (IECB,1974 a), were the records of
daily maximum and minimum water-levels of Halda river at Enayathat.
That stage station was used as an average for all levels in the Halda

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

operation study.

- -Considering all these factors, IECO presented detail
information of drainage studies made for E£ast and West Polders. faur
major storms af different flood return periods wers analysed tol
determine the interior flooding pattern tha£ was later used to find -
the crop damage. The interior drainage operation for the storms 1962,

1963, 1968 and 1969 are presented in Figure 3.6( a - d ).
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CHAPTER - 4

METHODOLOGY OF ANALYSIS

In this chapter the methodology of economic analysis of
different floocd protebtian altsrnatives are discussed. Firstly, the
economic analygis of two embankment plans of 25 gnd 50 year flood
freqﬁenbieérwas done; This analysis fequired the cnsté of ambankment

construction 1qglqd§ng land acquisition and turfing; and ths benefits

e which are derfﬁﬁﬁiﬁibmlincrementaiiiciop production considering with =
and without embankment conditions. The sslection of the economic smbank—
ment plan was pagad'nq the higher benefit-cost ratio. Secondly, the

economip,analygié_a?déhall polder schems compared to the large polder

scheme was done. In tﬁis énal&ais én additicnal ;nst of drainage sluicss
at road crossings uithﬂdéainaga channels were considered. Since the
existing roads were used as smbankments in constructing the small polders,
the additional cost of ,poldaring was minimal, Additional benefits for .
small polder scheme were derived from net crop damage which comes from
fload unaffected small polder/polders in case of breach in embankment in

ons polder. The selection of the economic polder schems was based on the

incremsﬁtal benefit-cost ratio of small and large polders. The Tgthodolqu

of analysis is brisfly discussed below.
4.1. Analysis of embankment plans
C4.1.1 Cost of ambankmenta

i The alignment of tha embankments wers along existing villagse
and motoiable roads. The embankments sections were designed as par -Bangla=-i-

desh practice. The embankments heights for SO and 25 year flood frequenciaes

O
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were obfained from the flood water surface profiles done by IECO (1974},
after adding necassary freeboards The seepage line of the embankment
éection was drawn using Casagrands method and the stability of design'
embankment section was checked by Swedish slip Circle-method:~The~ net
volume of earthwork of embankments for SO and 25 year flood fresquencias
Qere calculated considering the designd. -section and the existing village
roads. Total costs of embankments (structural cost) including land acquisi-

tiqd anduﬁqgfigg;ygre;calculated for both the embankment plans an the_basis

of- thatpresentischsduie,of:ratas;usad-bxthDB. ) . e

4,1,2 Net incrsmental annual benefit

‘f“”CﬂnlldBrlng the ~land- elsvations,- flonding -depth- and - auailabxllty

of irrigation water, the presant and future cropping patterns wers preparad.

!

Field informations and agricultural data of Upazila Statistics wers used
to prepare the present cropping pattérn. Gross production values with and
without embankment conditions were calculated on the basis of crop acreage,
and yield . The cost of production was calculated based on the cost of
labour (man and animal), seeds or seedling; fertilizers and insecticidass.
Incremental annual_benafit was obtained after subtracting the annual
benefit without embankment condition from the annusl benefit with embankmant
condition. Net incremental annual benefit was obtained aftéfhéabtracting a
~nurmalr~annualwflood-damage;frﬁm incremental- annual -benefit.. With embankment
condition, the interior dfainage cungesﬁion would occur and cause crop
dgmaga. _This damage is considered as the normal annual flood damage. Net
1&cramantal annual banefit was assumed to be éame for both the cases of

embankmant plans of S0 and 25 yaarlflood fraqueﬁcias.

1
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4.1.3 Benefit—-cost ratio -

The capital costs of embankments plans of S0 and 25 year flood
“tfrequancies-uera'obtained'cunsidaringAa-contingency of 10% of--~capital-cost
and Engineering and administrative cost of 15% of capital and contingency
costs. In this analysis a three year construction period-and 15% discount
factor were assumed, The opsraticn andlmaintananée cost was considered as
2% of the capital cost from 4th year of the project life. Considering the

=;:aboqg:facts;_§herppasent uorth-ofkaécumulated7cuaté_ueré.célculatéd.ufor

both the embankment plans,

" 7777 Thevbenefits for-both-the embankment-plans-wers-considered- same

and deriued_frcm the nat incremental annual benefit. The pattern of benefit
' ! .

build-up was considered'18%, 33% and 67% in the 4th, Sth and 6th year of

project life. Full benefit was assumed from 7th year of the project life.

Considering the discounting factor and project life, the prassent waorth of

accumulated benefits were calculated for both the embankment plans.

Benefit-cost ratios were cbtained from the ratio of prassnt worth

of accumulated benefitas to its corresponding*presant“worth of accumulated

plan was selectad on the basis of the higher benefit-cost ratio,
4,2 Analysis of small polder scheme
4.2.1' Cost of draimags sluices

Cost of drainage sluices are ths additional cost (strucﬁural costa)
of small polder schems. The costs were calculated for east and wsst polder

area separately. By operating the drainage sluices of an flood inundated
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polder, ﬁther small polder/polders can be protected from flgod.inundétion.
fhe numbar of vents of a dfainage sluice ware selected on the basié of the
- drainage--area-which is to be drained-by the respective sluice. The_sill and
crest elevations nfra drainage sluics wera,selécted considering the respec-
tive channsl bottom elevation -~and motorable poad's top elsvation. The cost

of a drainage sluice was calculated frpm'axisting BWDB schedule of ratss, .

L;LAd.Z;ZHgv Net.crop .damage

R

fFour stﬁrms of 1962, 1953 1968 and 1969 ware used to estimate the

crop damage. Interior fleooding hydrographs with ambankmsnt condition were

.wm‘_developed by IECO: (1974) for :the. psriod 1962 throughT™1969. The _study 1ndicate'r;
that the mentioned. four storms can cause.flood damaga to crop due to intarlor

1
drainage congestion. In/thls study, these four storms were used for crop

damage calculatfan withJambankment and with any breach af'eﬁbanment condi-
tions. The recurrence intervals of four storms were calculated by using
Gumbel's asymptotic frequency distribution method.'Tha interior floading
hydregraphs developed by IECO (1974) for different storms werse used in-the

estimation of crop damage with-smbankment condition.

For tha calculation of crop damage by differant storms with any-
breach of embankment, the Halda- river stage was usad. For sach polder, a
- representative nodes with known water level was.ussd. Therfléod.depths and
duration at these repreaanﬁatiue nodes for different storms wers used in
crop damage estimation. The water laual of représentatiue nodes were

obtained from the watar levels of gauging stations Talpari and Enayathat

cun31dering the slaope of ths water surface prnfils and linesr interpolation.
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The net crop damage by different starms faor each of -=the small
polder area is the differsnce betwssn tha crop damage with embankment and
-with any-.breach.of: embankment conditions. The average net..crop damage. from

four storms for_each small polder area was.then calculated.

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

other small polders are saved from flpoding. }ha.auaraga net crop damage
-that wculd*haue;occured"tn_thesetﬁlood;protected pﬁldars without the-small _
::palderrschema-ﬁas:considered:aa:ban?ittqﬁ;this:schame:HLThis;benéﬁitpwasu;-;;;“
then considered in the analysis of the incramental benefit-cost ratio of -
small and'large~pnlaer schéme.

. /’ .
4,2.3 Probability of :breaching of embankment

The probabilit§ of breaching of embankments for ths Halda river
valley was estimated and later used to calculate ths annual benefits of

small polder scheme. ' - i

To get an average probability of breaching bf-embankmantrfur Halda
river valley, the statistics an-breaching-of a few embankment-projects - in
Bangladesh were collected. For this study, three embankment projects were
selectad. These projects are (a) Gumti Flood Embankment Projacﬁ;(Z) Brahma-

“- putra-Right ‘Bank-Embankment Project (3) Khowai River Project.

For probability estimation, fPield visits were made to the respective
"eﬁbankment projects. The infurmatiﬁn on brgaching of the embankment recorded
by sits Enginger were ctollected. After analysing the breaching of embank-
~ments of different projects, an average probability of breaching was calcyla~

ted for sach project. Considering these breaching probabilitiea, a represen~

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

'
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4.2,4 Raductlon of water level at downstream polders due to
breach in embankment -~

It was assumed that with any breach of embankment of an upstream

'*ﬂsnall poider*thE“discharge*af'thE"representative nodeg -aof nthgr‘poldgra_wiil ba

s
-

rsduced hy the/nat storage capacity of‘the inundated small polderf 1f the

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

the breanhed polder to fill.the respective etorage_volume is Qé- }ha volume
*Lof Qﬁ"uaa—computad by- assuming-a- 48° Hoyr---time periocd - to fill the avasilable e
- sturage.':The—eFfect of—the-reduch-diécngrge,m(q1—qf)~with its corresponding

lowered water level :dn other downstream small polders was studied.
'4.2.5‘f:rxncremantal:ﬁenefit:coat?ratio

The additional canital cost of small polder scheme was calculated
considaring a contingency cost of 10% of capital cost and Enginesring and

Administrative cost of 15% of capltal and contlngancy costs, The project life

was takan on the baals af tha selacted sconomic embankmant plan as discussed

in Article 4.1.3., A two year construction period and 15% discount factor P%
- .-wers..assumed .in the analysis.. The operation and maintenance .cost _was _assumed

as 1% of the additional capital cost from 3rd year of the project lifa.

Considering the above assumptions, ths'prasant worth of accumulated additional

cost was calculatsed,

- The additional benefit of the small polder scheme depends upon tha
crop damage that would have occured in polder protectsd from flood when a
breach occurs 1in one polder. The additional annual benefits were calculated
after multiplying the benefits by an average pronability of breaching of
. embankment. The present worth of accumulated additional bsnsfiés were

calculated considering 15% discount factor.,
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Incremantal benefit—cost ratio was calculated considering
_mmﬂths ‘presentuorth . of accumulated -additional.benafits. and-: accumulated
additional costs, The selection of economic polder scheme for flood

protection of Halda river valley was based on the calculated incrmental

!
!

[
i

benefit-cost ratio,.
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CHAPTER - S

THE PROBABILITY OF BREACHING OF EMBANKMENTS

To gatvan-auerags-probability—of~breaching.of,amﬁankmentswfor
Halda river valley the statistics on bréaches of a fei embankment projects
in Bangladeshrwére collaected. For this sﬁudy three old embankment projects
were sslected. These projects are (1) Gumti Flood Embankment Project,

(2) Brahmaputra Right gank-Embankment -Project. and (3)_Khowai River Project.

= These-three ehbahkment_projecfs:were*chosanrbecaﬁéa«thesejp:ojécts are
very old and provide much informatiﬁg-rséafding the embankment breaching.
It is seen, that the embankment length of Gumti and Khowai ambankﬁant |
T projects'are.similar’#u?thatfo?-Halda;RiueerallayHPnoject. It -is-also
seen that the breachi;gﬁff 2ﬁ“ambaqkments of thasé two projects are caused
by éfructural faults, hﬂman‘ infegsnca or flood water ouertapping. But

the bresaching of Brahmaputra Embankment Projsct was mainly due to river

shifting.

The records available for the embankment projects do-not .specify,
however, wheather-breaching of .embankments wers due to overtopping by flood

flowa,.dus to erosion of smﬁankmenta by current action, dus to changing of

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

.8 "V'Analysialof breaching of embankments

) 5.1.1 Information collected on breaches
* - The breaching information was collected from BuDB's Head Office

and from fisld offices. Annual Report of Flood in Bangladesh published by

B

i Flood forecasting and Warnings Cell of BWDB (8wnB, 1974) provide the

&
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breaching information along with flood damages. The last Annual Raport
‘on Flood was published in 1974 which contained the breaching information

upto 1974,

" To collect the uptO‘dats data on-breaches-of-Gumti- and Khowai .

4
-
7

embankment projects,-field visits were made to theioff;ce of the Executive

~ Engineer of Comilla 0 and M Divisionand Habiganj .0 and M Division in
Comilla and Habiganj. district. No field visit.was_made_to £he—site office
. af-BrahmapuErq;Right}Bank:Embankment_Prﬁject. The--length=ofzembankment . fng

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

Halda-urlvar ualley. moreouar, the_braachlng -af. Brahmaputra Right Bank

f%‘:Embankmant'Prujact,areimainly;bscauée:af&riuer:shiﬂting*as*suchnnatufe of ———
breaches of Brahmaputra Right: Bank Embankment project were- considered
different from that of Halda river valley. To calculate ths probability
of breaching of embankment for Brahmaputra Right Bank Embankment Project,
the information available upto 1974 in Annual Report on Flood was used. The
" probability of préaching'oﬁ embankment for:Gumti Flood:-Embankment Project

and Khowai River Project was calculatsd based on the data availabls upto
' !

1

1986, collected after field visit.
5.1.2 Probability analysis of breaching of embankments— -
. 3.1.2.1. Gumti Flood.Embankment Project

About 317 years ago, circa 1669, ambankments were first constructed
un both sides of the Gumti River in Comilla district. The total embankment.,
langth is about 42 miles starting from upstream high grounds of Indian border

; to Jafargang (Ali, 1983), Following the record flood of 1956, the embankments

v - . - T
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were stfangthaned,the river channel alignment was improved by.shortaning
the courses of loops, and the flow section was increased through lowering
of the channel bed by dredging. This work was completed in 1957 - 1958

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

- in India, which now completely controlsf the monsceon Flood of Gumti (Ali,1983).

" The embankment sections were designed basad on the 77 years Flond records

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

fest crest -width),- 3 1 (H U) sids slnpes on both sides, 1:0. DDDD1 longitudlnal '

slope and 5 fest free-board are maintained by proper yearly maintenance

i
work (Ali, 1953).

o ﬁﬁ;sgzﬁiﬁ§§ 6f embankments during the 81-ysar period, starfing

from 1906 through 1986?f0ccurred in 45 ysars {Ali, 1983). .Breachings of the
embénkments during 53-983r from 1506 th?ough 1958 (resectioning completed in
1958) was a rscurring feature and the probability of breaching in any year
was 0.74 (Table 5.1). The probability of breaching in any year from 1959 to
1976 (campletion of ODumbur Hydro-tlectric Praject in 1976) was 0.22(Tab19-5.1).
The probability for the pericd of 10-year from 1977 through 1986 was 0.2.
Considering the total prnjacg life the average probability of breaching is
0.56. But considéring the period before the completion of DuTbar Hydro—

Electric Project, the average probability is 0.61.

5.1.2.2 Brahmaputra Right Bank Embankment Project

Construction of the Brahmaputra Right Bank Embankment Project was
started in 1963~64 and was completed in 1967-68 {Rahman, 1984). Under this

project an embankment having a length of 135 miles from Kaunia in the

district of Rangpur to Bera in the district of Pabna was constructed along
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part of Teesta and Brahmaputra right bank. The embankment was daélgnad for
100-year -flood frequency with the crest width varying from 14 feet (52 miles
- *cf~embankmsn£:dﬁwnstrsém of-Kaunia) to 24 feqtﬂ(fcr the rest-embankment).
The side slopes for whole length of the embankment was taken as 3:1 (HfU).
The free—boara was taken as 3 feet for a distance of 23 miles of. embankment
. downstream of Kaunia and S feet fpr the rest of the embankment length.

Construction.of.25 miles of new embankment-(an-upstream-embankment -in addition

<~ -to 135.miles); 9.5 miles of retired-embankment, 25 miles-of .drainage -channels _ _. |

and 110 feet of brotebtion'work were completed during the period 1974 to

1978 (Rahman, 1984). —Now ths total-length of embank@snt is 160 miles.

It seems . that theé breaching-of ths Brahmaputra Right: Bank
Embankment uccurred‘in-197d, 1972- and 1973- (BWDB, 1974). The probability of
breaching of embankment for 7-year period from 1968 through 1974 is 0,43

{Table 5.1). /
5.1.2.3 Embankment of. Khewai River Project

The embankments of Khowai River Project was planned en. both. banks
of the river for a total length of 78 miles in the Habiganj district. In total
about 38 miles of embankments were constructed during the 9-year period from
© 1971 through- 1979 (Hébiganj.u.nﬂ Division,1986). The embankment was designed
forS0-year flood frequency with:a crest width of 14 fest, country side slopse
of 2 to 5:1, river side slope of 2 to 3:1, and free-board of 3 feet (Sarm

Assdciates Ltd., 1974). - L

The breaching of the embankments occurred in 1982, 1983, 1984, 1985
) and 1986 (Habiganj W.D. Division, 1986). The probability of breaching in any

year for 8-year period Prom 1979 through 1986 is 0.63 (Table 5.1).
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TABLE 5.1
PROBABILITY OF BREACHING IN ANY YEAR
7(1) GUMTI FLOOD EMBANKMENT PROJECT ;
- . i
f
PERIOD OF  YEAR OF YEAR OF PROBABILITY COF
== -.-RECGAD ~=-  -RECORDS —.Z.BREACHES_ --.-.- BREACHING IN REMARKS
B = GANY YEAR
1906 - 1958 53 - 39 B I 7 RESECTIONING COMPLETED
. : ' IN 1958 ) :
- / . N .
1959- 1976 18 g 4 g.22 . DUMBUR HYDRO-ELECTRIC
. PROJECT COMPLETED.. IN
©r= 1976 TINTINDIA _ -
1977 - 1986 10 N 0.20 )

Average 81 i 45 .0.56

(2) BRAHMAPUTRA RIGHT EMBANKMENT PROJECT

1968 - 1974 7 3 0.43

(3) KHOWAT RIVER PROJECT

1979 - 19B6 8 5 0.63
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5.1.3  Sselection of an average probability of breachind

From the analysis ofrthe probability of breaching of three aold
s ambankments'projécts“in-Baﬁgiadesh:Cshown,in*Tabls S.1}, it can be- seen -
that the lowsr and uppar'limits of‘avérgbe breaching probabilities are
0.43'énd 0.63 respectively. Considering;the past record of embankment
breaches the minimum aue?age prﬁbaﬁilit? of breaching waé Fqund.as,D.a

~ - .appraximately. This can be taken as the normal.breaching._probability of

=== “embankment=in- Bangladesh.-From Table S.1,-it can be seen.that! with propar..o—.
'resecfioning the probability of breaching of Gumti Embankment Project )

was 0.22; Hence —with proper design and maintenance the‘pﬁpbability'of

- btéaching'canihé;takan’as“0.25?"Theseitw0*probabilitieé=ueredc0nsidared et

in the economic analysia of Halda river ualley.

;

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

Failure of embankment depends not onlylun the hydraulic
characteristics i.s. flood. water overtopping but is zlso related on
ssepage actiaon andfstructurgl faults etc. If an embankment is designed
for S50~year flood recurrence intervsl, it heang that the dasign height
of smbankment islequal to the height of a peak-flood Qater~lauel of

= 5S0-year return period plus a fFree-board (almast 37Feet); Now,theorstiéally

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

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

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

x

the design embankment height including free-board. 0n thes other hand,

the embankment may fail for reasons like severs seepage action or

structural faults stc. for a flood of less than SO-year rsturn period.
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The hydrographs for each of the tributary arsas - upstream of the

mouth of Sartakhal for recurrence intervals of 50, 25 and 10-year wers

.detarmined,_u91ng design preclpitation and . un1t hydrograph of sach tributary

developsd by 1ECE (1974). Floods}fromfeaéh‘bf-tha tributary were combined

to give the Halda flood dischargas at Sartakhal. The discharges were
estimated to be 70,000 cusscs, 63,500 éusaés and 50,000 cusecs fdr 50, 25 and
10-yesar- recurrence interuals rqspacéiuely. The water surface profiles of

thg;pgak:diacha;ges~arémshownvinuFiQUTE'5-1-

Five small polders as proposed in this study with their net storage

capacity may influence the Plow of psak £lood dischafgsznﬂf Halda river. Any

- breach of embankment of?riupstreammp~$oldéf-1Ii or. Polder—V,- - just'

upstream of- Sartakhal ﬁcu;h; will withdraw a discharge fqr a time spah. The
occurrénce of this event was assumed to happen at the peak discharge and
that will reduce flood level for the subsequant downstream poldsrs. This
magnitude of flood flow reduction may be negligibls or significant, depending

mainly on the reservoir capacity of the inundated polder.

The study was limited only on the breach of embankmsnt of_ upstream
polder-iII or Polder—y. The reduced flood flow for all the downstream polders
was analyssd. Also this study was based on the water su:faca_pnbfile(Fig.5.1)

for different peak -flows.
5.2.1 Assumptions on flow characteristics of Halda river

Polder-II1 and Polder-vV located--> upstream of Sartakhal ﬁﬁuth

wvere designated as upétraam polders; and other polders were designated as

downstream polders., The breach of embankment of upstream polder was

considered. Net storage capacity of inundated polder is the water volume
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of that polder upto the squiliﬁrium water level after any-Failure of
embankment. , considering polder interior normal water level before breaching .
The..following assumptions were made in analysing the effact of a flecod

for the downstream polders for any"failure~of,émbankmantmof-any;of the

'upstream poldsers.

i) ﬁ discharge of Halda river for any return period is-assumed to
remain constant,- from Sartakhal mouth to tha confluenca of Halda

= vwriver and Karmafuli-rivers Any.reduction..of. discharge. fiom.this .

.reach of. the river will influence the subsequent douwnstream

‘poldars. An—average--flow is .considered for 48 hours for Haldé river

;?fﬁmhichiis~ths§pqak;disghafgsﬁ(na)'nf;aiparticular:rsturn period, e

I —

2) Failure of emh;nkmént of any upstream polder will start-at the time

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

3) An average inflow (02) to polder is considered based on the nqt'
storage capacity for-an.equilibrium.water level. Downstream flow

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

e
-~

4) The reduced discharqe (Q1 - az) will influence the downstream

polder for their corresponding water level.. - . -~ - -

5) .~ In.no. casa thezinterior-water level on inundated polder will be
higher than the extsrior water level (river stage)} during selectad

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

B

analysis.

N

&) Net storags cépacity of the inundated polder will never be less

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

period.
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5.2.2 Analysis of effect of breach

The effect of breach of embankment in upstream poldef on downstream
" polders-is ‘presentad by'a sat-of-sample ~calculation fn-this-article.. A
bgeéch UP;embankment of PolderQIII {smallsst upstream polder) by a flow of
50-year flood recurrence interval was usad to analyse the effsct of reduced
flood discharge on downstream pfotactegwpalders; It was considered that
,70,000,cusecs_(a1) peak discharga will flow.(in Hélda river) f;pm Sartakhal
- mouth:to thé:mouthaof.Halda=riuarf;from~Figura;5.1; it can-be:«ssen-_that -
uater‘lauelris 22.D feet at the mouth of Sartakhal for the corresponding

discharge of 70, aoo _cusecs. It was assumed that- the embankmsnt of Folder-III

Polder-III will. start at the peak dischargs and continus for 48 hnurs The
interior water leuel_ibefora breaching of Polder-III at the time of peak
dischargse was found (from Figure 3.6, 3 of 4) to be about 12.5 feet. The
elevation of the storage valume of water in Polder-I1I, should bs less than

22.0 feet otherwise backflow will occur.

.As.a trial the .equilibrium water leual was assumed to be 21.0 fast,
After é breach Qhan no flow occurs from river to polder or vice versa,
the corrsspondlng méter lsvel has been defined as equillbrzum water level.
The-stnragelcapaelty of Polder-III for 12.5 feet and.21.0:fest slevation
. are 12,000 acre-ft. and 54,000 acre-ft. (Prom 7.3). The net storage capacity
Sf Polder-III is 42,000 acre~ft. Therefore, inflow discharge to Polder~III, .
VQéf is 10,588 cuseca. The nst downstream flow ia (Q *Q ) 59,413 cusecs. The
corresponding watar lavel at ths mouth of Sartakhal is about 246.50 feat

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

’ flood recurrence interval. The flood of 25-year recurrence interval is
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. 63,500 cfe. and the corresponding water level is 21.05 faet, 'witﬁ
further trial the actual equilibrium water level can be achieved, It

. Cahlbe'obséruadfthat'tﬁe;residuél;tlood_ﬁischarge'uith_anyﬂbreach-of
embankment of Polder-III will be the flood of lass than 25~year
recurrsn;e intsruai; The water lavels for the representative nodes
(obtained from Figure S5.1) of-dpﬁnstraam polders are giueﬁ'in_Table 5.2
with corresponding flcod recurrencs intéfuals.,.uith the similar

----procedure, the-water-levels ForVthe»rapresentative—nades-of-dounstream-::
polders 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-II] tﬁe ?losd_of~sd-year recurrence interval will be reduced to
a flood of 2S-year recurrence interval for the downstream poldsrs,
That is the chance’éf failure of embankments of downstream polder is
rsdﬁced by 50 percent. VSimilarly with any braéch of embankment of
Polder-V, the flood of SO-year recurrence intervals will be reduced to

.a flood of 18-year racurrencé.interuals for downstream polders. _ That
is the chance of failure of dounstream polder embankment is reduced by

36 psrcent. . - - e
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CHAPTER - 6

PLANNING AND DESIGN OF EMBANKMENTS AND DRAINAGE SLUICES

The planning-of embankments are based on the existing village
road alignments and drainége sluices are based on the number of crossings
of channels with existing Chittagoﬁg-K;ptai and Chittagong~Rangamati road,
The aembankments of 50 and 2§eyaar Floca wers designed to provide the

~-+-adequate sections to resist the. corresponding-peak- floods.

6.1 Planning and design of embankments
; .

s

=  8i1.1-——Embankment--alignmant

The smbankmeﬁts~alignment-For lower Halda: Floodplain was proposad
by IECO in 1974. The propossd smbankments for the lowsr Halda valiey
smpolder Halda East Polder and Halda West Polder on sast and west side of
the Halda river {e;pectiuely. A survey was done by BWDB along the existihg
village roads,. which are in the preximaty of. the proposed embankment
alignment. This was done to reduce the cost. of embankment, as because the
modified alignment saves the cost aof 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 exisiing éére;m“iine. The sat
back distance varies from 400 feet to 3,000 feet: The mofified alignment

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

. the cost of land acquisition and sarth work volume.

The approximate crest elevations of Chittagong-Kaptai road and
Chittagong-Rangamati road were found to be 20.25 feet and 24.0 feet (acHw,

1968 b). Since the SU-year flood level at Enayathat is 18.0 fest, the

-~ R Ca




Chittagong~Kaptai road can safsly be used as embankments of more than

SD—year flood frequancy.. Considerlng the éloud level (SO—year) at Sartakhal
as 22.00 feet the-Chittagong-Rangamati road can also be used as smbankment
of 5S0-year flood Praquencf with an additional 2.0 feet height of:free-board.
The additional height of 1.0 feet of earth work is neeassary to give a 3,0
feet free-board and will be required for about 2 miles. This earth work

cost is ignored.
-+ 6.1.2- Dpesign-of-embankment-cross-section e
65.1.2.1 Embankment crest profiles

e The:ambankqgnt—crastfprofileé;ﬁéré:obtaihed ffém:?lnnd%water S
aurface”prufiles,of>H;ida’riuar dsveloped by IECO. (1974), considering a
fr;é—board. The flood water surface profiles of 25 and 10-year flood
réturn periods wefe obtained from the linear ratios of peak discharges
of 50-year to 25-year and SO-year to 10~year at Fatikchari station. To
update the analysis of IECO (1974).with recent data, a curve of recurrence
intervals - annual peak discharge at Fatikchari on.Halda river. has been
draun. To draw this curve with recent data, a rating curve gf discherge -
elevation’ has bsen drawn (Figurs 6.1) for the periad 1954 through 1969.
for Fatikchari. The peek annual dischargss gf cﬁaﬁﬁeliaaarg;;rland flous
for the period 1970 through 1981-were obtained.from the :rating curve- for
their corresponding peak alevations. This was necessary because the
available discharge data at Fatikchari consists of only the channsl
discharge and the averland flow could not be estimatad. The prasent study

~

was based on recent data after the construction of Kaptai dam in 1962 for
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the period 1962 through 1981. The recurrence interval of eaéhrannual

peék discharge has Seen Calc41ated and is given in Table 6.1. A curve
for rseﬁrrence interval with the corresponding discharge has been drawn

*— and-isg shown in Figure 6.2: - -This curve is slightly deviated (iess-than~10%)
from the curve of IECQ's study in the regian of interest. bsyond 10 ysar
recurrance interval This deviation has nct been considered significant

to change. the computed flood disqharge,and water surface profiles'of Halda

- ==river forySD—yearijSTyaarfandy10—year~fluod»frequencies done by -IECO (1974).~

. ' The embankments heights of 50, 25 and 10-year flood frequencies
can- be obtained after adding- free—boards with corresponding-fload water
e “"hElghtS. As “in-Bangladash the- ambankments are “desigried Por 50 and 25 yegr -

- flood frequencies, these ;wo alternatiuasiwere considered in this apalysis.

r/'

6.1.2.2 Embankment crest widths, side slopes and free-boards

As the the embankment is the substitute nfivillaée roads,naturally
it regquires sufficient .crest width that will provide-vehicular movement. Thea
widths were assumed to be 14 feet in both 23 and 50 year flood embankments.
The side slopes-were considered*accurding to the Bangladesh practices, used
in Coastal Embankment Project. For Karnafuli dyke the sidse slopes were taken

as 1:2 (cuuntry 91de) and 1:3 (riuer side). Side slopes were taken 1:2

"~ (country - 31qs and . river. side) for . all ather embankments,

The freeboard = of Karnafuli dyke upto Madnaghat bridge was assumed
to be 3.5 feet and ths freebocards . for all other embankments of Halda river
dyke and other streams dykes. were taken as 3.0 feet for both SO0-year and

25-year flood frequencies. ' t
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ANNUAL PEAK DISCHHHGE AND RECURRENCE INTERVALS OF TABLE 6.1
HALDA RIVER AT “FATIKEHART
YEAR  DATE MAXIMUM WATER LEVEL CHANNEL - CHANNEL PLIS™ RANK RECURRENCE
) DISCHARGE OVERLAND:. INTERVAL *3
{FT.s508) (FT.PIpD) (CUSEES)  DISC.cusecs {yEARs)

1962 Jun.10  50.68 32.18 - azoo0 Y7 45 1,62

1963 Jul.13  34.73 35.51 - 21,000 3 7.00

1964 Jul.30  30.42 31,92 - 11,700 15 1,40

1965 Jul.8 . 32.74 34.66 7,416 - 17,000 9 2.33
TTIS66 Aug.2S T 32054 . 34.66. 9,899 f1a,uun 8 o 2.63

1967 Jul.? 30,74 3z2.92 6,927 a,700 1a 1.11

1968 . qu1.10 37.99 39,35 9,535 " 30,000 1 z21.00

1969 Jul.1s 34.09 34.60 2,323 19, 400 a 5.25

1970 . Jul.?4  34.15 35.65- - 16,880 - --1g,30n"2 7. 3.00
"2 1874~ “Jun. 28 TT3TL23 0 32,73 - {2,000 14 1.50

1972 Jul.21. 20,57 -  1np.a7 7,931 -a,000 18 1.17

1973 Jun.1R 28,08 ¢ ool sg 5,403 7,700 20 1.08

1974 Jun.22 34217 357 13, 506 1,000 5 4,20

1975 Jul.28  35.99 38, 49 14,585 27,000 2 10.s0

1976 Jun.11 3503 37.43 15,397 18, 500 -6 3.5

1977 Jun.20 3305 34,50 003 16,000 10 2.1

1978 Sep.2s5. 3259 "34.09 26,874 5,000 12 1.75

1979 Aug.21 32.8% 14,55 6.An5 15, 500 11 1.91

1980 Jun.7 0.9z 32,37 - 10,600 17 1.24

1981 Jul.s 31,11 37.61 - 11, 500 16 1.31

®1 CHANNEL PLUS OVER-LaND FLOy FOR THE PERIOD 1962 THROUGH 1962 was

CALCULATED BY CONSULTANTS (IFCO, 1974 a).

*2 ' CHANNEL PLUS QUER-LAND FLQw FOR-THE PERTOD 1970 THROUGH 1981

" OBTAINED FROM FIG. &4

*3  FORMULA FOR RECURRENCE INTERVAL = Eﬁl—

M = RANK OF - DISCHARGE, THE LARGEST DISCHARGE GIVEN a RANK OF 1

N

= NO. OF YE&ARS OF RECORD
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RECURRENCE INTERVAL IN YEARS

@ STUDIED BY.. IECO FOR THE PERIOD 1954 THROUGH 1969
/A UPDATED STUDY FOR THE 'PERIOD 1962 THROUGH 198l

1

6.2 FLODD FREQUENCY ANALYSIS,OF HALDA RIVER WITH UPDATED

DATA
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6.1.2.3 Seepags analysis,qﬁrémbanknent cross sectiaon

For the seepage ahalysis of the embankment, the--average cross-
"section for most-critical coﬁditicn"of H.F.tk'EF~SU-yéBr’ﬁldddEF%aqUén¢§
was taken. The phfeatic line of the embankment section is drawn using
Casagrande's Method, assuming the phreatic line to.be a base ﬁérabola with
its focus at the downstream toe. The phreatic liné must emerge out
— .._‘ﬁtaégantially‘at’some—point“asaua*the*duwnstrsamﬂtoe.’hThe—distance frgh

"EEfmééﬁ‘the‘exit'boint‘of—phreatic:line_and-tha‘dbwnstream-toewis~known as-

-

seepage discharge face and that zone always remains wet. Tha distance "a" was - -

-=z:-datermined by- Schaffernak's ‘Analytical. Method- (Punmla, 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 method of siability analysis was used, (Pdnmia, 1981). In this method
the potential failure surface is assumed to he cylindrical, and the-factor
of safety against sliding is defined as the ratioc of the average shearing
strength, as determined by the Coulomb's equation (S=C+ §tand ) to the

average shearing stress determine by statics on a potential _sliding surface.

:~- The locus af the slip.circle was..determined. by using Fellenious
Method (Punmia 1981). Considering the critical condition, a slip circle
‘ was drawn just touching the embankment toe on the land side. All : -~

calculations of lepe .8tability based on Figura 6.3 and 6.4 are shown in

» Tabls 6.2. The factar of safaty against sliding was found to be 1.82,

thch is considered sufficient.
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TABLE 6.2

SLOPE STABILITY ANALYSIS
LAYER SOIL UNIT WEIGHT SOIL UNIT COHESION X
o - 3, (LBS/FT3) C,(LBS/FT2) !
i o
LAYER=I 200 0 3s,. . ™
LAYER-IT 118 200 187
LAYER-IIT, . 115 400 g o?.
LAYER  SEGRENT ~ VERTICAL T N P NTeng. © AL T C. AL
ND. NO. FORCE, W { U sine) (W Comes) T !
7" 4032 aa.sag 3023,52 2557.47\"“353 1867,78 0O 9.18 0
I 2 4320 38.56]  2698.60 3373.34 357 236204 O - 0
3 © 3200 29,507 1555.16 2774.07 357 942,42 0, - o .
4 ) 22.62 307,69 738,46 35° §17.08 o - o, .
2 143§ 38.662 B96. 44 1120.54 187 364.09 200 6.80 1360.00
3 2670 29.907  1330.96 2314.61 187 - 752,06 200 4,70 940,00
4 2760 22,620 1061.54 2547.69 180 827.79 200 - - 1
1 5 2300 16.26 643.99 . 2208.00 18  717.42 200 - -
6 1380 5, 46° 226.82.-7 1361.23 1. 442,29 200 - -
7 460 2.86 22.95 459.42  18° 148,27 200 - -
4 740 22,627 284,62 883.08 0 0 400 4.57 1828.,00
5 1475 16.26° 412,99 1416.00 07 | 0 400 4.24 1696.00
& 1935 9.46 318.03 1908.69 o ' g 400, 4,10 1640, 00
7 2118 - 2.86] - 105.68 2115.36-- 07 ' 0 400 - 4,03 .. ... 162,000
8 2208 3.81 (-} 146.72 2203,12 a ‘o 400 B5.08 '3232.00
S7=12,782.36 E(N.Tand ) =9,942,24 o £ (c. AL)=13,308.00
S(c.aL)+r E(N.Tand)_ ' 23,250,247 ;
- FoS = T = (2,782.36  = 1:02
NOTE | SUEDISH SLIP CIACLE METHOD OF SLOPE STABILITY ANALYSIS! @

" LGCUS OF THE SLIP CIRCLE CENTER BY FELLENIOUS METHQD.
SGURCE OF f, C AND & ~VALUES FROM BANGLADESH - NETHERLANDS JOINT PROGRAMME,
DELTA DEV. PROJELT, 1585, '

#9
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6.1.3 Cost of embankment éénstructinn
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 Mas_done_by BuD8

along the alignment of existing village roads which modified the proposed
_,_‘érignmentfof”tha‘embankment—as—suggésted by- IECOs —The-earth-work-velume of

"*thé'exigting:uil;age-rnads—merefcalculatedﬁuith ﬁha“auailablescruss—sectioqséf-

and road profiles. #These calpulééinns-ére shown in Appsendix-A. The tétai '
volume ofﬂearth_york of the_existing road is 85,12,000 cubic feet. It was
: a;ﬁralso:éoundrthattlengthsucﬁ-embankments for Eaat.palder and--West. Polder.were___
22;?6 miles and 19,89 ﬁile§ fespecéiuélye 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 earth work For the proposed embankments_ were
calculated for flood frequencies of 50-year and ZS—year; These. calculations:
are based on the selected:-flood water surféca’profile, side—slopes and

1
free-board.

Earth work valume for SO-year and 25~year flood frequencies have
been found to be 13,69,88,000 and 11,99,60,000" cfts--respegtively:~- The
earth work volumes are shown in Appendix A. The net earth work velume for
50-year and 25—year flood frequencies _of the proposed smbankmsnts‘are
12,84,76,000 and 1%,1&,48,000 cft. The cost of net earth work volume were

.based on the pressent schadule ofjrataa (BWDB, 1986) used in Chittagong

0 and M Circle. The costs are shouwn in Table 6.3,




EMBANKMENT COST SummaRy

. TABLE 6.3 ‘
- T X ) D ~ -.,_‘1\ -
1TEM ' QUANTITY = UNIT.-. . UNIT COST COST (TK.™
SO-YEAR FLODD ~ 25-YEAR FLOGD {TK.) SD-YEAR FLOOD 25-YEAR FLOGD
FREQUENCY FREQUENCY . FREQUENCY FREQUENCY
EARTH WORK 12,84,76.440 11,14, 48, 850 Cft. 8.36 5,52,51,518 4,01,21,482
LAND ACQUISITION 140 104 _ Acre §5,2006.00 1,33,00,000 58,80, 000
 TURFING 270 2837 pcre 3,660,00,, - 9,88, 200 . 8,89,380
Total  6,05,39,718 5,08,90,862

99
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6.1.3.3 Land acquisition and turfing costs of embankments

It was reported by site Enginesrs that only 68 acres of additioonal

’~7 ~—-land will -be required- for- 100 feet-right u#—waynof-embankmént (Ahmedru1983).
That is,in total 517 acres of land ig required for right nfi@éyA(1UU feet) of
42.65 miles embankment, Therefore, the above reportiﬁg fndicafes, that a2 net
449 aeres of land will pot be required to acquire for 100 feet right of
way. The 449 acres-: afrland -is the rxght af way of existing village- roads.

. Theright of way of 25 and 50 year flood frequencies: embankments were

calculated on the basis of an auerage cross—section of embankment and an

~-~--average.craoss—-section-of borrowpit: It-was—assumed thatfthe'?iil section

will be aéual to.the cut section. An-average rlght of way of-entire-42.65

- miles length was calculated as 114 feet and 107 feet. for. emhankmant of

/

S0-year and 25-year flood freguencies. A4 typical cut and fill section
for embankment is shown is Figure 6.5. A total of 140 and 104 acres of
land will have to he acquired for the embankments of SD—year and 25-year
flood frequencies respectivaely (Table 6. 3). The cost of 1and acaquisitian
based an the present local .price are Tk. 13.30 millions and Tk. 9.85 million

for SO0-year  and 25—yéar fload freguency ambankments,

Turfing was considered necessary to reduce the $0il erossion on
inclined sides of the embankmenta. The turfing areas are 270 acres and 243
acres Por embankment of S0 angd 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. S0.89 millions for S0-year and 25-year flood

A

frequencies.
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6.2 Planning of drainagafﬁluices for small polder schemes

The Halda floodplain has a longitudinal slops towards the Karnafuli
river. The floodplain is also laterally sloped towards the Halda river which

flows through middle of the plain. Naturally drainage discharge of tha =

floodplain are towards the Halda river as well as the Karnafuli river. Two

motcrable roads, Chlttagung—Kaptal and Chlttagong—Rangamatl Highway intersects

Halda_ flaudplalnﬁ(lower reach) into six- small  zones.” The proposed ‘embankment

along Halda river banks and the existing roads make-S poldsrs-(excluding one

zone under Chittagong municipality area) of cultivable lands. By providing

-~-—~«drainage—sluiceslof.sufficient.capacity;:attroad-crossings_ot the -existing . __ _

drainage canals, theée 5 small polders can be made to Function‘independeﬁfly:hﬂ

With the propsr OperatiD; af drainage-siﬁices, the—inundatinn_of any small
polder will not affectl£ha otherst East Puider consists of Polder-I (11.8 sg.
miles drainage areé), Polder-II (41.15 sq. miles drainage area) and Polder-III
(17.55 sqg. miles drainage area). UWest Polder conéisté of Polder-IV (52.4 sq.

~ -milas-drainage area) and Polder-y (22.0 sg. miles drainage -area) .ag -ehown in

fFigurse 6.6.

6.2.1 Location of drainage sluices

In order. to operats tha small polders as independent units, six
~drainage -sluices are required at the.ruadsucrnssings'of the existing drainage
channels (fig. 6.6). The drainage sluices at tha Chittagong-Kaptai road |
crossings of Hadkhal and Uhalang khal were designated as /-1 (5 uené) and
é;z (3-vent) respectiuély. The drainage sluices at the Chittagong-Rangamati

Road-cfossings of Gohira mMour khai, Dabuakhal, Berolia khal and Changkhali

‘. khal were designated as R-3, (2-vent),R-4 {3-vent),R-5 (1-vent) and R-6

.t
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(4-vent) ;espectiuely. The locations of all these sluices are shown in
Figurg‘ﬁ.ﬁ.r DOrainage sluices R—1 and B-2 will discharge to Polder-I which
.Lfinally:discharge"inta‘KarnaFuliﬁriuer. Drainaga'slqices R—34 R=4-and R-5
will discharge to Polder-II which is uvltimately diuerted_to Halda river.
The R-6 Drainage sluice will discharge tofpolder*lu which discharge into

Halda river.
- 6.2.2 - Selection-of‘numbeb*oﬁiuénté~qﬁ_drainage;sluicas

Number of vents of dralnage slu1ces depend on the discharge of

LA

r:
drainage channel and head difference of water lavels between the land and

~-Tiver- 91da_oﬁfa‘p01der.;Thls can‘beﬁobtalnsd.by“selectlng:the;propen;desigﬁh#ﬁﬁgﬁ
s . ’
S . o

discharge and head- difference. fFor the planning purpose, the number of vents of
e : i -

sluicdes was selected based on drainage area. The standard dimension of vent

used in Bangladesh is usually 5 feet width by 6 feet height,

Had Regulator (B-vent),Uhalang Requlator (S5-vent), Sakarda
Regulator (3-vent), Baruakhali Requlator (4-vent) and Magdai Regulator
(8-vent) were designed by IECGC (1974) to cover the drainage area of 35,4 sq.
miles (Fig. 6.6). In total 28/;ents were designed to drain 35.4 sq. miles of
drainage area i.e. each vent drains about 1.26 sq.‘mlles of drainage area.

In total 16 vents of Had Regulator, Uhalang- Regulator and Sakardas Requlator

can cover 20.28 ‘(i.e. 16 x 1.26) sq. ‘miles -of drainage area. ThE‘distharge

of 8.48 (i.e. 20.28 - 11.8) sg. miles of drainage erea belonging to Polder-1I1
nermally pass through Had khal and Uhalang khal. at Chittagong-Kaptai road
crossing;.‘The discharge capacity at the road crossing of Had khal and Uhalang

khal is in the ratio 8:5 according to their vent number : og g vent and 5 vant

respéctiueiy: Accordingly, the drainage area of 5.22 (i.e. 8 x B.48/13) aq.

— T e L
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miles and 3.26 (i.e. 5 x 8.48/13),sq. miles will be covered by drainage
regulator R-1 and R-~2 respectively. The vent number of R~-1 was determined
- -as-4.14(5.22/1.26) and .that of R-2_as 2.58 (3.26/1.26}. Finally, -5 vents

for R—-1 and 3 vents for R-2 had been selected.

.

3

With similar procedure and assumption the number of vents of R-3,
R-4 and R-5 had been selected as 2 vents, 3 vents and 1 vent’ respectively.
«.~-These sluices.are.across the.Gohira Mour khal; Dabua khal and-Berolia-khal

at the Chittagong-Rangamati road crossing ‘as’ shown in figure 6.67 Similar

procedure was adopted for the drainage sluice R-6 and number of yents - -
- R -

_nmuselacted,uasigkQents.

I

.
4

6.2.3 Selection of sill‘gleqations and crest elevations of drainage

sluices / ! S
A
ri ~

The sill elevations of the drainage sluices are selected based on
the bottom eiéuations of thgiy respective drainage channels. The crest
elevations of the drainage sluices are. based on the ruadla.or,embankmanﬁ's
crest elevation. These sill and crest elevations are required to get the

height of structures and their costs.

Inspecting tﬁe drawings of drainage channels and embankments,
presented in ths Feasibility-Study-Report- { JCHW, 1968 b); thelsill'and-crest
elevations were selected. The sill elevations-of drainage sluice R=1 and
3—2 was found to be (-) 1.40 m.PYD and (=)1.00 n.pwD respectively.Thair.crest
elevations matching with the top elevation of Chittagong-Kaptai road have been
selected ag. 6.20 m.PMD..Similarly the sil3 eleugﬁinns af R-3, R-4,R~-5 and R-6
haqe been selected-baaed on their.re;pective channels bottom elevation,

and crest elavations wers selected considering the top elevation of

Chittagong~-Rangamati road. These are shown in Table 6.4.

.~
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P

6.2.4 | .Cost estimation of drainage sluices

The cost of drainage sluices yers balcﬁl%taﬂ.ét fha"présant market
price. PﬁC/ECI, Consultant of BWD8, made a chart td ca;culate the cost
of drainage sluices. Based an that chart (PRC/ECI, 1985), Eha cosg of
different drainage sluices for different vent numbers and the heights of

-— the-structures-have. been. calculated.: The~cost of-each’drainage “sluice is

shown in Table 6.4, e
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TABLE 6.4
;
f
{

DRAINAGE STRAUCTURES COST SUMMARY

... STRUCTURE.._NUMEER OF.__SILL ELV. 777" 'CREST ELV. -~ CosT © T HEMARKS
T onT SENT .,vz_s:(ﬂgTER’PMD)T :(NETER"F'ND) oo (TKL)

R~ 1 s (=) 1.40 6.2 39,54,279.24
R -2 3 (=) 1.00 6.2  29,58,166.30
A~ 3 2 (-) 0.80 . 8.0 T "°30,88;084:50 " EAST POLDER
I , . © 1TE: AREA
R-4 k 3 . £ {=)n.80 © T oa.0 © 35,568,920.50
: ¢

R-5 R f (+) 0.00 8.0 23,81,083.10

s Sub-total 1,59, 40,531.00
R -6 4 B {-) t.00 8.0 41,12,912.90 WEST POLDER

AREA

J . Grand total 2,00,53,444,00
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CHAPTER - 7

éENEFIT—CDST ANALYSIS OF DIFFERENT POLDER SCHEMES

- - Flood-control- planning requires. determination- and evaluation of

all those plans which are techﬁically §£und and feasible. A number of
engineering alternatives are analyzed to satisfy the gverall nbjectiué'of
the fldod ceontrol facility and then tﬁe most sconomic alterpative is
**-—'Jéélectedr—ﬂany—times—fullwﬁicod-protection may;not beupossible“-dué to - T;_“*
*""FeconomiC“feéscns"and~nnly~partiaL;p:otecﬁiun~is~prouided. teonomicsof the"”‘”

alternative flond control plans is ‘a-kay. to planning, . ..

}-MInfdesigning;tHe-ﬁlood_cnntrolmembankment two. aitérn;tiue -
7 R
d931gns for SO-year and 25-y9ar flood recurrence intervals were proposed.
These were also analysed for economlc feagibility based on benefits
derived from higher cropping inteﬁsity and improved crop yield with
proposed project. In the flood control planning of lower Hald; floodplain,
one of the propoéed pian‘mas the poldering of the valley on each side of
the Halda river ?nd the other was of five small prolders instead of two
" large ‘polders:- The feasibility of these two alternative plans were ccmpared
on the basis of costs and benefits. The beneflts were derived from the net
flood damage for stormes of different flood frequencies. 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 B-year

3

fram 1962 through 1969, indicate that 4 major storms of 1962, 1963, 1868
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and 1965 caused damage_toxcrops. The recurrence intervals of these 4

storms were calculated using Gumbel's asymptotic freguency distribution

" - method:- The me thod is'EXpressed—with-thaaﬁollowinguﬁiue,equations as

,

follows:

- -
-~

..

¢ = (1.52933 + In n -~ 1/2n + 1/8n2) / (P max,— ﬁ min.) (1)

'.u= (7.52933 " P max.+ (ln n - 1/2n + 1/Bn2)’P min.)/

(1552933 + 1n n —4/2n +71/Bn?) (2)
Y;oc(x - u) - ;,17; 7' C .,A(S) Ly
. | ,
_e_Y ’ . ‘ ' 7 .
v‘ﬁ—~¢(x)= -3 . ' | N ‘ ) '.'"*(4)
. ;o _ _ o
()= 1/ (V=) . (5)

r
] /
Where, ogand u

i

Two differsnt parameters of distribution,

P max. = Probable maximum discharge with recurrence ﬁsc
interval n years.
P min. = Probable minimum discharge with recurrence

;nterual 1.01 year,
N = Recurrsnce inte}gal of probable maximum discharge
X = Any discharge. o~ . e
Y= A reduced‘uariaté.

T(x) = Recurrence interval for the corresponding discharge x.

- P(x)

- Another reduced varied. . g -~

Having obtained the parameters of the dlstrlbutlon etand u from

equatlons(1)and(2) the recurrence interval of any discharge X can be

calculated from eguation(3), (4) and (5).
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The annual peak discharge of Halda river at Fatikchari in 1968,
was éalculatad 30,000 cusecs (from Fig. 3.1) which was exceptionally high.
- That flow was-considered as-probable maximum-discharge with-recurrence
interval of SO-year. IECO, during their gtudy an Halda Project also
considered 50~year recurrence intsrval foé the flood of 1968. The annual
peak flow of the probables minimum dischargs'waé agsumed 5,000 cusecs

(from Fig. 3.1),with:recurrence.intsrval 1.01-year .which caused .no damage

w~vté¢cropuin theiprojectaarea.hngpplying thefshmbelﬁs.asymptofic“frequency7;§f3_;““

distribution maﬁhad,Jthe recurrence intervals of different storms wers

calculated and is_shHown in .Table 7.1.

7.2 Computation of Area-tlevation and the storage capacity -
elevation cuyrves ; :

i / .-

/

’‘ v

The four incheé to a mile map prepared by Survey of Bangladesh
(S0B) was used to determine the gross area. The gross area was planimétéred
for every one foot cantour interval, upto 20 foot ﬁontuur elevation. The
net cultivable ?area was obtained-after sybtracting the hamesteads,waterwayé;
and roads etc, The éet cultivable area and gross area of different small
polders are shown i? ( Table 7;2). Tﬁa area~ei§qatinn and the storage capacity-
elevation curves foé different small polders are shown in Figures 7.1 through

- 7.5, These _figures were used .to determine the reservoir storage volume of

different‘puldersvuith'any:breach—of embankment.

© 7.3 Proposed future cropping pattern with embankment

It is expected that rice would continue to be the dominant crop

after completion of the flood protectien scheme for the project ares, but




RECURRENCE INTERVALS OF MAJOR STORMS

e

o
:

TABLE 7.1

REDUCED VARIATES

ANNUAL PEAK- PARAMETERS . RECURRENCE  PROSABILITY
STORM DISCHARGE AT : INTERVALS 1
g FATIKCHARI u ol Y(x}o o @x) - (YEAR), D T(x)
(cfs.),x e T(x) .
. y
June, 1962 ~ 13,000 12,039 2.17x10”% 0.2087 0.4441 1.80 0.56
-4
June, 1963 21,000 12,039 2.17x10 1.9467 0.8669 - 7.52 6.13
July, 1968 . 30,000 12,039 2,17x10"% 3.9019 _0.9500 50.00 0.02
July, 1969 19,400 12,039 2,17x10™% 1.5991 0.8170 5.47 0.18
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' : - A 7.2
POLDER-WISE LAND OF PROJECT AREA TABLE

. ., - AREA IN ACRES
! Tl L i

ton. ! y ] i \

ELEVATION ' POLDER~T POLBER-IT POLOER-TII EAST ROLOER P.ULDEH—IU POLDER=V - * WEST POLDER
GROSS CULTI- GROSS CULTI- - GROSS CULTI- TGRO3S- - CULTI- GROSS. ‘CULTI- GRGSS CULTI= GROSS  CULTI-
ARERA VABLE AREA VABLE AREA VABLE AREA VABLE™  AREA VABLE AREA VABLE AREA VABLE
AREA AREA “~AREA Ty AREA i L AREA AREA AREA
- ' .

— f

1

' - 8' 2,228 1,863 15,600 13,199 . 380 - ‘318 18,288 13,300 7,175 5,470 4,893 3,730 12,068 3, 200

e

8' = 10" 4,743 1,118 3, 4ug 1,565 2,060 1,318 5,287 4,000 1,378 1,798 2,072 1,802 3,450 3,000

101=20" 2,698 1,871 3,787 2,626 3,177 2,203 9,662 6,700 3,%3 3,71 4,727 4,084 7,870 6, s00

TOTAL 6,675 4,852 21,925 17,31g %617 3,839 34,217 25,000 11! 606 9,384 11,692 9,616 23,388 19,000

o,

64
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jTi‘protection,‘it'can‘be:assumed‘tﬁat“local‘ua;iety‘oﬁ_ricé will'bezrepfacedti

-~ intensity-of the orojectfareé will- be -208%.

‘
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there mouid be considerabls chaogas in the relative importance of various
rice crops. With the irrigation facility, most of the louw lying area is
being-cultiuoted for HYY.Boro as a 'single:.crop . replacing the sinQIE'Local
Aman crop. It is obvious that with the flood protection,.these areas will
be cultivated for double crop of HYY Aman followed by HYV Borc or HYV Aus.
The acceptance of HYV rice by farmers will be due to its higher yielding

nature-than tradltlonal local variety of-rice. Thersfore*with--fiood

T —

by the HYV of rice in all 8easons.

.- The‘cropping,calendar?is;presanted;ineFigure 2.2_and:prooosed e v—

B R R b

future cropping pattern is shown~in the Table 7.377 The future cropping
. _ ;

7.4 Polder-wise proposed future land yse

Proposed future land use was prepared for each of the small polder
area. This was used to determine acreags gf 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 . : . — -

Cnly the agricultural. damages were._ tonsidered in the -estimates,
PrOperty damages. to bulldlngs,fhomesteads, equipments etc. would-bhe relatively
mincr and cannot be eExpressed interms of money easily. Moreover,no survey

data of Property damage was available in hand. These damages were 1gnored

The crop during the monsoon season is rice and the varieties planted are

T. Aus (HYV), B. Aman and T.Aman (Hyv).




PROPOSED FUTURE CROPPING PATTERN

i
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(TOTAL CULTIVABLE AREA 45,000 ACRES )
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TABLE 7.3

{" AREA IN ACAE)

BORD (HYW) AUS (HYU) nriAMAN(LU)/(Hfu)--- RABI AEMARKS
ELEVATION EAST WEST EAST WEST EAST. WEST T EAST  WEST . ‘
(FT.508) PoLOER POLDER POLDER POLDER POLDER AOLOER' "°  POLDER POLDER
. SC0(HYYS) S00(HYvs) \§Dd(uusé3"\ 2db(LU$a) ] X
5-8 2,000(HY¥)  1,000(Hyy) ) “'\mh_ggoob(ﬂvur) ‘1,066(HYVT) horo irrigation
9,500(HYV)  3,000(Hyy) - ' .. 9,500(HwT)  3,000(hviT) By surface watar
" 3,000(HWT) 3,000(HYVT)  3,000(HYuT)  3,000kHviT) .
1, 500( HYV) ot 1, 500¢HviT)
3,000(HYV)  2,000(Hyv) 3,000(HvVT)  2,000(HYiT)
8 - 10 ' 1,000(HYVT) 1,000 (HYVT) i.DQU(HYVT) 1,000(HYVT) 1,060 1,000 n
© 1,000(HYV)  2,000(Hyy) 1,008(Hvurj 2, 000(HYyT} "
10 - 20 1,000(HYYT)  2,000(HYVT) 1,Ddﬁtﬁvv7) | g,nnb(HYbT) 7 Boro irrigation
: 2,000(HYUT) , 1,000(HYvT) ZQUUé(HYUTj 1,000(HYVT) 2,000 1,000 DY 9%ound water
' 2,700(HYVT) __ 1,800(syyT) n VT 2,70 1,800
' S00(HYVS) 500(HYYS) 300(Lyss) 200(uvsa) =
InTal 15.500(Hyy) 9. S00(HYV} 39, 700(HYyT) 8,800({HYVT) 22.5dg(yvuT) 16,590(Hfur)_'5.700 3,800 j?

LV - Local Variety,
EAST POLDER : (1) single crop ~ 8OO acres,
WEST POLDER : (1) Single crep - 700 acres,

HYV ~ High Yield variety, B- Groedecast rice

(2) Double crop ~16,30

0 acres

T - Tranaplﬁnté& rice and S~

(2) Double crop - 22,200 acras and (3) Triple crop - 3,000 acres

Single’ crop

98

and (3) Triple crop - 2,000 acres




POLOER-WISE PROPOSED FUTURE LAND USE

A

“TABLE 7.4 ™|

!

. Lo ,
. . {CULTIVABLE AREA IN ACRES
| . RN o
P POLDER—1 POLOER=11T POLDER-TI1 2T - POLDER=TV ‘POLDER=Y I 88
ELv., ELV.  ELv. ELV.  ELU, ELV. ELV. ECV. ELV.  "C @ ELV. ELV. ELV. ELV, LV, ELV, L Do
+ 9'~8' BI-10' 10'-20' 5'-B¢ §I-10! 100201 5iegt go-qgt 10'=200 B 51-8) @1-10' 100-20! 518" 1-10' 10120 u
1. 8.Aman(LV) 37 - - 257 - - 6 - - 300 119, i L g1 L - 200
2. T.Aman(HYV) 1740 1120 1120 42470 1560 1560 260 1320 1320 22500, 5015 1200 2000 3485 1860 3000 16500
3. T.Aus{HYV) 365 280 1952 ‘2573 391 2234 62 329 1874 9700 1784 4399 1917 1216 _ 601 2883 §800
4, Boro(HYV) 1440 B840 280 10320 “1170 350 240 590 330 16000 3540 BOG 800 2460 1200 1200 10000
- . ' Ty [ ] ' .- !
S. Rabi. - 260 1312 . - 391 1842 329 1546 5760 -~ 399 - 1682 3800

1118

601

o -
~
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FlUOdsroccurring in June and first half of July cause damage to
B. Aman and T. Aus (HYv). 1f 1t occurs in second half of July then it causes
Vdamége tu—B.uAmanmandrT.-Amanﬁ(HYU}-(beginning-oﬂﬁtréhsplanting period). and
also delays the retransplanting of T. Aman (HYV) in Pirst half of August.
Any flood ;n second half of August causae complete damage to submerged T.Aman
(HYV) C0n81dsr1ng the time of occurrences of floods the crap damages were -

calculated- for- pProposed- projects-< mithﬁembankment and_ with any_breach of

:ﬁnLembankmentﬁrcnnditiuns. N

The flood damages resulting from-different small-poldere ars also
dependent an fluud depths, duration and- freguency. 1t is euidant that tha_r_ﬁh
- duration as well. as, tha depth of flooding has an. important bearing on-the

crop damages. Alsa thsfcrop damagas ‘depend on the tlma ‘of the season when

:

the flooding occurs.

7.5.1 Assumptions on calculation of crop damage by different storms

The drainage studies-from 1962 thraough- 1969 indicate that- the 4
major storms in 1962, 1963, 1968 and 1969 affact the crops with proposed
embankment. The. storms of differant flaod return-period werse used to

determine the crop damages in the project afea.

—. To astiméta thaﬂcndpddamage b& differant storms,.it-is_nacessary to
know the catchment chafaéteristicea namely area, depth and duration of
, flooding for various flood intensities. The infcrmatinn -of four storms of -
ldifferent flood frequsncies are shown in Table 7.5. An average flood depth

was used for the crop damaga with embankment. Representative nodes af

v
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'TABLE 7.5

YEAR  DATE MAXIMUM FLOOD  GROSS ARER AT NUMBER GOF DAVS ifl‘i;HALDA RIVER STAGES 1/
oF oF ELEVATION(FT.) - maxImum FLOBDING - OF Fooprng AR ' Ai__ :
STORM  mAXImup N (ACRES) ABOVE ELy, AT ENAYATHAT AT OUTFALL GF AT OUTFALL OF
. FLOODING : ? FEET | (NeDE " oF MAGDAL KHAL  SARTA KMar .
EAST  UEST . ERST WEST EAST _WEsT - 'POLDER-I) . (nppE oF - (NDDE OF
POLDER  POLDER  pgLper POLDER  POLDER " ppL peg (FT.) POLDER II,1v) 'POLDER 111 Ag
. (FT.) v) {FT.)
1962 dune, 11 9,05 g gg 21,355 15,155 5. ¢ 5.50 10,80 14,50 18,50
1963 une, 11 7,85 449 17290 10,085 400 g 10.70 14,25 .. 17.80
July, 15 9,66  10.p6 22,410 15,375 g, gg 20,50 - 13.'). 16.59 19.67
1988 July, 12 11,42 1285 24,850 18,465 19, 5g 12,50 15,00 18. 45 21.90
1969 auly,19 7,81 4.4 15,585 11,565 4,00 3.50 11.5g 14,00 17.00

Aug,, 22

21,738

8.50




S0

- different small polders (in Table 7.5) with their flood depths . based on
Halda river stages .were used to.detesrmine the crop damage with any breach

- —gf-embankments. .

The ’ land at each elevation w111 have its unique fluoding pattarn
and should be avaluyated separately. However, this would 1nvnlue' axtensive

calculations-which were not considsred JUStlfled in this study._Therefora,

e the;fallowxﬁgléimﬁtﬁfied:assumptions:uene:madefin-estimating the.-crop-damage: -

1) - - The duration of submergence -that could. be tolerated by crop was_

assumed to be 7 dayS'for;B;Aman and;3'days for T. Aman.{HYV).

-

- 2) The flooding sleuatlons correspondlng to the durat;ons in
(1) bave been detarmlnsd from the hydrographs of lnterlor flooding
depth with embankment condition from Figure 3.6 and Halda river

flood water level with any breach of ambankment condition from

column 9, 10 11 of Table 7 5.

3) The height_of'the different crops are assumed as follows:

.

i)rrln the middle of June, the heights of 8. Aman and T.Aus {HYV)

will be 3 feet and 2.5 feet respectively, - - -7

oo id) In-the:middlgfoﬁ—July, the heights of B.aAman, T.Aus-(HYV) and

T.Aman (HYV) will be 3.5 feet, 2.5 feet and 1 foot respectively,

iii} 1In the 2nd half of August, the heights of 8.Aman and T.Aman{HYV)

. . ] will be .. 3.5 feet and 2.0 fest respectively.
- , ! " L .
- © ' This height was substracted as appropriate from the elesvations

determined in (2).
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4) The net areas subjected to damags-have been detsrmined by means
of the area-eleuatlon ‘relation of individual crop for each pelder,’

—= - shown in Tabls- T4 ~No~damaga~waSvassumed~fdnkthe Crops—grown at

]

1.
t

higher eleuatluns.

—

5) Damage to T.Aus (HYVY) during its haruasting period in the middle
- * of Juns, depended--on flood- sevaritys The maximum- damags-has-been
2~:assumed:approximatelym15%—ﬁor-low:landwaalouFBfFeétmelévationr~~

with embankment conditioh:

6) Raplantiﬁg was assumed for. crops damaged in second:-half of July.

Its cost have bsen calculated on the-basis of the actual-cost of
.replantation, j 4
/

The procadures méntioned abovs were used to determine the area
affected by different storms in the project with ambankments and with any

breach of smbankments.

7.5.2 Per acre cost of different flood damaged -crops

{ -

7.5.2.1 Crnp_qémaga witﬁ‘embankment '

With embankment, some interiop Flucﬁiﬁérﬁaﬁid stiilIOEEur due to
,.drainageﬁcongasgiqn_inaidarths polders, that would Cause crop damage.flood
damage to crop has been calculated on the basis of tha present markat price
of rice. The yields of B.Aman, T.Aman (HYV) and T.Aaus (HYV) per acre were
assumed as 0,52 m.ton. (14 maunds), 1.31.m.£nn.(35 maunds) and 1.31 m.ton.
(35 maunds) respactively. The price of one m.ton (26.8 maund) rice was

calculated as 4556 Taka,
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' ,Iﬁ calculating the crop-damage it ﬁag been assumed that‘from the
middle of July the seedling of T. Aman (HYV) will be startsd. The flood
affected T. Aﬁan (HYV) earea below the elsvation of 7 feet (S0B) was assumed
to be uncultivated and rsplanting was noﬁ pogssible. The remaining lands of

comparatively higher elevations (about 7 ft. to 8 ft. elevation) could be
replanted after .recession of flood in the month of. August., The replanting

cost is obtained on the basis of actual labour cost, seed cast and '

fertilizer co§§i§}¢;iﬂnothqﬁ_FQ§E_éyded with the cost of replanting is the
reduced gross income due to lower yield of the second crop. It was assumed
that a 20% reduction in yield occurs for all replanted T.Aman (HYV) (IECO,

1971). L —

’

At present market prices, pép acre costs of damagsd crop were

T o

calculated as Tk. 2380 and Tk. 5950 far B. Aman and T. Aus (HYV). Also the
per agcre costs of brap damage were Tk. 5950 apd Tk. 3407 for T. Aman

(HYV) and replanting T. Aman (HYV) respectively (EPC, 1986 a).
7.5.2.2 Crop damage with any breach of embankment

With any breach of embankment, affected polder or polders will be
directlyrinfluenced by the Halda river stages. The flood affected area in
that case was obtained from the area-elesvation relation in Table 7.4 for the
corresponding river stages. For the flood affscted cropped land with any
_breach of embankment, no replantation was assumed for T. Aman (HYV) as the

flood recession would not allow the replantation. Losses of crop damage

per acre in different months at present market price were calculated as

Tk. 2380, Tk. 5950 and Tk. 5950 for B.Aman, T.Aus (HYV) and T.Aman (HYVY)

‘ respactively.
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7.5.3 Flood affected cropped lands with embankments

The interior flooding hydregraphs (shown in Figure 3.6).ars
considerad representative for every polder. ‘Considering the- assumptions
made in Article 7.5.1, the cropped lands affected by a flood wers estimated.

The flood affected cropped lands for auéry small polder is presented in

Table 7.6. Two floods occuring in differant months of .a ysar were considered
L .. inAdividualy _td estimate the-damaged-cropped-lands and the maximum-area of ——

the two for a particular crop was taken for“analysis.
7.5.4 Flood affected cropped lands with any breach of embankment

A polder wifhta breach of embankment, "will submefge'ﬁhe polder
area Uptn'alauatinh ofiHaléa¥riuer=stages and - will~cause-a severs-damage to
crops dus to the suddén rise of uater.leuel insids the polder. The
representatiué nodes of differsnt small polders (column 9, 10 and 11 of
Table 7.5) with flood depths were used to deterhine the crop damage with any
breach of embankments. These flood depths are based on the historical
cbsarved riuer-atéges at stations -Talpari and Enayathat., It..'was.assumed
that the water level at outfall of Sarta khal is fspre;antative for-Polder<II1"
and Polider-V. Similarly,-the water level at outfall of Magdal khal is
representative fn},Polder—II and Polder-IV;- and water level at-fnayathat is
representative for _Pelder~I. The watar levels of. Halda river-at-different

ropresentative nodal points were calculated by assuming the normal water

surface profile between Talpari and Enayathat stations,

N
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No replanting of T. Aman with any breach of smbankment was considered as

the recession of flood level will not allow such replanting. . —

7.5.5 Estimation of crops damaged by different storms

7.5.5.1 Estimation of crops damaged by different storms with embankment

The estimation of crop damaged by different storms for individual

polder is the flood affected areas of land multiplied by per acre cost of

' daﬁaged crop.

Pblder—wiseﬂtgtal loss far a particular crop for a specific storm
is shown in Table 7.6. ipta% losses for different storms are shown in

Table 7.7. ;

7.5.5.2 Estimation of crops damaged by different storms with any breach
af embankment
Polder-wise total losses. for a particular crop of a specific
storm are shown in Table 7.8. Total losses for different storms are shown

in Table 7.8 with any breach of smbankment.

7.5.6 Benefits from the protection of crop daﬁage

Total crop damage of different small polders due to interior flood
depth with proposed embankment are shown in Table 7.7. Similarly total Crop
damage of each small polder for different storms with any breach of ;ﬁbankment
' of the respective smalllpolder are shown in Table 7.9. Difference between the
Y s

crop damageé for the above two conditions is the net crop damage for the breach

“ of embankment of a small polder. The net crop damage for sach small polders

is shown in Table 7.10.
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- ' TABLE 7.6
(1 OF 3)

ESTIMATE OF FLOOD. - DAMAGE (WITH EMBANKMENT)
EAST POLDER ’
(a) POLDER-I

MAXIMUM _ PLANT  NET AREA VOLUME OF TOTAL
STORM CROP FLOODING HEIGHT DAMAGED LOSS PER  VOLUME OF
: EL.{s0B) (FT.)} (ACRES) ACRE(TK.) LOSS (TK.)

) Jun. 11,1362 {1) B.Aman 9.06 3.00 4 '2380.00 9,520.00
TT T2 )T Aus(HYY) 9.08 2.50 54 5950.00  °3,21,300.00
Jun. 11,1963 (1) 8.Aman 7.84.  3.00 4 2380.00 9,520.00

(2) T.Aus(HYV) 7.84 2.50 43. 5950, 00 2,55,850.00- ]

: *

Jul. 15,1963 (3)a T.aAman(HYY) 9.66 1.00. 700 5950.00  41,65,000.00 '
— €3)b T.aman (HYY)  9.66 - 1100 3407.00  37,47,700.00
7 Jul. 12,1968 (1) B. Aman. 11.42 3,50 a0, . 2380.00 95,200,000
(2) T. Aus(Hvy) 11.42 2.50 18° 5950.00  1,07,100.00

.o -
(3)a T.Aman{HYV} 11.42 1.00 700 5950.00  41,65,000.00
Jul. 19,1969 -7 7.6 - -1 - -

Aug. 22,1969 (1) 8. Aman 9.28 3.50 4 2380:00 9,520.00
(3)a T.Aman{HYU) 9.38 2.00 600, 5950.00 35, 79,000.00

(b) POLDER-II

Jun. 11,1562 (1) B.Aman 9.06 3.00 75 Z360.00 T3, 500400
(2) T.aus{Hyv} 9.06 2,50 387, 595G.00  23,02,650,00
Jun. 11,1963 {1) B.Aman 7.84 3.60 3t . 2380.00 73,780.00
{2) T.aus(HYY) 7.84 2.50 310. 5950.00 18, 44,500.00
Jul. 15,1963 (3)a T.aman{HYV) 9,60 1.00 49307 ° - 5950.00 2,93,33,500.00
{3)b T.Aman(HYy) .9.60 - 5545. 3407.00 1,88,21,815.00
Jul. 12,1968 (1) B.Aman S 11.42 3.50 250; 2380.00 5,95,000.00
{2) T.spus{HYy) ~ 11.a2 2.50 129 5950, 00 7,67,550.00
{3)a T.Aman{HYV} 11.42 1.0G6 4930 5350.00 2,93,33,500.00 :
Jul. 19,1965 - ©7.81 - - - -
Aug. 22,1969 (1) B.Aman- 9,38 3.50 25 2380.00 59, 500. 00 -
(3)a T.Aman(HYY) 9.38 2.00 a0 5950.00 2,55,85,000.00
{(3) a° T.aman (HYV)} can not be replanted.
{(3) b T.Aman (HYV) can be replantad.
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7.6

TABLE
: (2 ofF 3)
(c) POLDER-III
STORM cRoP ~UUMAXIMUMTCPLANTS NET AREA “VOLUME “GF ** TOTAL
FLOODING HEIGHT DAMAGED  LOSS PER  VOLUME OF
p EL.{3508) (FT.) (ACRES) ACRE(TK.) 0SS (TK.)
Jun, 11,1962 (1) B.Aman 9.06 3.00 1 2380.00° "“2,380.00
(2) T.Aus (HYV) 9.06 2.50 g | 5950.00 53, 550.00
Jun. 11,1963 (1) 8.Aman 7.64 3.00 1 2380.00 é;SBD.DD
(2) TrAus{HYV) - 7.84- 2.50 7 - 5950.00 . ---41,650.00
Jul. -15,1963 (3)a T.Aman{HYY) . 9.56 . 1,00. 120 . . 5950.00_“1 7,14,000.00
$3)b T.Aman{HYV) 9.66 - 605 3407.00 20,61,235.00
Jul. 12,1968 (1) g.Aman 11.42 7 3.50 10 2380.00 23,800.00
(2) TIhus(HYu) 11.42 2.50 3 5950.00 17,850.00
(3)a TiAman(HYU) 11.42 1.00° 120 ° 77 5850.80° ° 7,14,000.00
Jul. 19,1969 - /7 ~ 7,61 - - - -
Aug. 22,1965 (1) 8.Aman f /’ 9.28, 3.50 1 2360.00 2,380.00
{3)a T.Aman(HYV) 9.28 2.00 100 - S5950.00  .5,95,000.00
WEST POLDER
) {a) POLOER-TV
Jun. 11,1962 (1) B.Amen 9,06 3.00 12 2380.00 28,560.00
(2) T.Aus(HYV) - 9.06. 2.50 266 $950.00 15,82,700.0C
Jun. 11,1963 (1) B.Aman 7.84 3.00 14 2380.00 33,320.00
n(?)'T.Aus(HYU) 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 'b7,2é;250.uu
(3)b T.aman{HYV) - 9.66 - —2535 3407.00 ° 69,33,245.00
Jul. 12,1968 (1). B.Aman oo 11.42. . 3.50 120 ..23g80.00.. .,2,85,600.00
{2) f.Aus(Hvu) 11,42 2.50 a9 5950200 5,2%,550.00
{(3)a T.Aman (HYY) 11.42 1.00 1835 59s0.00  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 (HYY) 9.28 2,00 1180 s950.60  76,21,000.00




- . TABLE 7.5 .
{ 3 OF- 3}

{b) POLDER-Y

T 7T STODRM == CROP = = -MAXIMUM= PLANT - NET. AREA - UOLUME OF." _FOTAL
FLOODING HEIGHT DAMAGED  LOSS PER YOLUME OF
EL.{s08) (FT.) (ACRES) ACRE(TK.) L0SS (TK.)

Jun. 11,1862 (1) 8. Aman 9.06 3.a0 8 T . 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 8,8e0,600.00

T 301:’15,1963~—(3jaﬂT1Aman(HYu)u,9.50 + 1.00. 1115 "7, §950.007 -  66;34,250.00
{3)b T.Aman(HYY) 9.60 - -— "7 1715 -~ 3407.00 ~ --~58743,605.00

Jul. 12,1968 (1) B.Aman 11.42 3.50 . 80 ° 2380.00 1,90, 400.600

{2) T.Aus{HYV) 11.42 2.50 61 S950.00 3,62,950.00

- Tt f3)a Ty Aman(HYV)Y -11.42 - - 1,00 - 1115 ,;“”-5950.00.__ 66,34,250.00

Jul. 19,1969 -/ T 16~ - - - -
Aug. 22, 1969 (1) g.Aman | 9.38 3.50 8  2380.00 19,040.00
{3)a T.Aman(HYY) 9.38 3\ 2.00 8z0 . 550,00 48,79,000.00

/
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: TABLE 7.7
SUMMARY OF FLDED CAMAGE {WITH EMBANKMENT)

f Lgn§s OF CROP IN TAKA)
| .

. ) I
! \

POLDER-TV POLOER=VY

STORM PEAK - RECURRENCE POLDER-T POLDER-11 POLDER-IIT WHOLE PROJECT
DISCHARGE INTERVAL {TK.) (TK.) (7K. ). {TK,) (TK.) AREA(TK. )
AT FATIK~ . .
CHART -
{CUseECs) -
l i
Jyn.11,1962 13,000 1.80 3,30,820 23,62;7150 55,930 16,11, 260 11,13,840 54, 74,000
Jun.11,1963 21,000 7.52 81,78,070  5,01,43,595  28,19,265 1,79,56,215 1,33,81,655  §,24,78,800
T T Jul.12,1968 30,000 '50.00 43,567,300 3,06,36,050 ?,55,650 1,05,43,400 71,87,600 5,35, 50,000
AUg.22,1969 15,400 5.47 35,79,520-°2,56,44,500  °5,97,380 70,489,560  48,98,040  4,17,69,000

|
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. TABLE 7.8
- {1 0F 3)

"ESTIMATE OF FLOOD'  DAMAGE (WITH ANY BREACH OF EMBANKMENT)
EAST PGLDER
(a) POLDER-I

STORM CROP MAXIMUM  PLANT NET voLumE TOTAL REMARKS

FLOODING HEIGHT AREA oF : VOLUME OF B -
ELV, {FT.) DAMAGED LOSS LOSS{TK.)
Fr.{som) {ACRES) PER
i : ACRE(TX)
Jun. 11,1962 (1) g.Aman 10.58 3.00 "37° " 23B0.00 . 88,060.00
- (2)-T.Aus(HYV)-10.50 ..« 2.50. 1930f@=f5050.00,1;17.81.000.00 R
T T(3)_ToAman(HYV) " o - 0T 1300+ 5950,00 .1713;05,000.00 Qut of- Trans R —
. " plantation
Jun. 11,1963 (1) B.Aman 10.70 3.00 37 2380.00 88, 060.00
(2) T.Aug(HYu) 10.70 2.50 1900 5950,00 t,13,05,000.00
{3)-T.aman{HY4}-10.70 - -—-1900___.5950.00:1,13,05,000.00 Out of Trans
. ) ' _ 7 " "plantation
CcotImt tJull12,1968¢: ?(1):8-Rmanf};”:15.00 7" 3.507 - 377~ 2380.00 *i_°788;060.00 L= =t

7
(2) T.Aus(HYv)-15.00  2.50 110  $950.00  &,54,500.00
(3) T.aman(HYY 15.00° ~ 1.00 2700  5950.00 1;60;65,000.00
/ - . .
Aug.22, 1969 (1) 8. Aman /10,50 3.50 . 37 2380.00 84,060.00
(3) T.Aman{HY® 10.50 2.00 3300 5950.00 1,96,35,000.00 .. -do—

8,24,02,740.00

(b) POLDER-I1

Jun.11,1962 (1) B8.Aman 14.50 3.00 257 ° 2380.00 6,11,660.00
(2) T.Aus..(HYV)14.50 2.50 3950 $950.00 2,35,02,500.00
(3) T.aman(HYv)14.50° - 9800 ° 5950.00 5,83,10,000.00 Qut of Trans
_ , . o plantation
Jun.11,1963 (1)} 8.Aman 14,25 3.00 257 2380.00 6,11,660.00
(2) T.aus(Hvv) 14.25 2.50 39s0 5950.00 2,35,02,500.00- -
(3) T.aman(HYV)14.25 9800 5950.00°5,83, 16,000.00 Qut of Trans
. plantation
Jul.12,1968 (1) B.Aman 18.45 3.50 257 2380.00 6,11,660,00

(2} T.Aus(HYV) 18.45  2.50 260  S950.00 °1S,47,000.00
(3) T.aman{HYV) 18.45 1.08 11400 5950.00 6,78, 30,000.00
7 Aug.22,1969 (1) B.Aman 13.78 3.50 257 2380.00 6,11,660.00
(3} T.aman(HYV) 13,78 2,00 12000 - - 5950,00 7,14,00,000.00  =da—

Y

30,68, 48,640.00
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- . TABLE 7.8
{(c) POLDER-IIL ‘ : T . (2 0F 3) :
STORM ~ CROP ... MAXIMUM - PLANT NET YOLUME TOTAL REMARKS
- —FLOCDING' HEIGHT AREA™ - OF LOSS-.- VOLUME OF
ELV. (FT.) DAMAGED PER Loss{1%.}
FT.{s08) {ACRES) ACRE{TK)
Jun.11,1962 (1} B.Aman 18.50 3.00 & 2380.00 14,280.00 -
{2) T.Aus(Hvy) 18.50 2.50 225 sg5p.00  13,38,750.00
- (3) T.Aman{HYV} 18.50 - ggo’  S950.00  47,60,000.00 Out of Trans
: plantation
- - ~3un.171, 1963 ~(1) ‘B Aman e .-17.80.- 3.00 § 77 23a0.00 - 1 14,280.00
e -(2):T:Aus(nvu)—-17.&0“;<32.50-'zoom ..5980.00 ~ 11,9@,000.60 ) T
{3) T.Aman{HYV) 17.80 - T eoo 5960.00 47,60,000.00 Out of Trans
. o ' plantaticn
Jul.12,1968 (1) B.Aman 21.90 3.50 6 2380.00 14,280.00
- B ce- (2§..T.aus(HYV)-21.90_. _2.50 . 115 - - .-5950.00 6,84,250.00
T - T ?(3)"T.Amén(ﬂyV)V21.90;_;;1.00 900-;7-5959.00;—-SS,SS.UUU-DG
Aug.22,1969 (1) B.Aman  ~, 17.00.  3.50 6 2380.00 14,280.00 '
(3) T-Aman (Hyy) 17.00  2.00 2050 - 5950.00.1,21,97,500.00 ° _do—- -
I B ’ .-
/ ; 2,03,42,620.00
WEST POLDER
(a) POLOER-IV
Jun.11,1962 (1) B.Aman 14.50 3.00 119 2380.00 2,83,220.00
(2) T.Aus(HYY) 14.50 2.50 3580  5950.06 2,13,01,000.00
(3} T.aman{HYV) 14.50 -~ 3800 £950.00 2,26,10,000,00 Qut of Trans
’ - plantation

Jun. 11,1963 (1) B.Aman 14.25 3,00 119 2380.00 ' 2,83,220.00
(2) T.aus{HYy) 14.25 2.50 3500 sgs50.00 2,08,25,000.00
(3} T.aman(HYV) 14,25 3goo £950.00 2,26,1n;buogaomout of Trans

plantation
Jul.12,1968 (1) B.Aman -~ ~18.45 © 3.50 119 . - .2380.00 7,83,220.00
(2) f.Aus(Hvu) S 18.45 2.50 20S - ~. §950.00  12,19,750.00
(3) T.Aman{HYV) 1B.45 1.00 S450 s950.00 3,24,27,500.00
’ ; Aug.22,1969 (1) B.Aman 13.78 - 3.50 119 2380.00 2,83,220.00 —
) C {3} T.Aman{HYV) 13.78 2.00 S968.  59s0,00 3,55,09,600.00 -"-do--
- ' 13,03,32,370.00 ' "
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TABLE 7.8
- : (3 or 3)
{b) POLDER-V )
STORM CROP MAXIMUM PLANT NET . VOLUME TOTAL. - REMARKS -
FLOODING HEIGHT AREA OF LOSS - YOLUME OF -
ELV. {FT.) DAMAGED PER LOSS{TK.} ,
- . , - FT.(50B) ~ {ACRES) ACRE(TK)
o S - Jun.ii,1962 {(1).B8.4man T 18.50 77 3.00 817" 2380.00 ~ 1;92,780.00 L
.-~ {2) -T-Aus(HYV)-18.50 - - 2,50. . 3570 -....5950.00 2,12, 47,500.00 e
(3} T.Aman{HYy)18.50 - 2800 5950.00 1,66,60,000,00 Cut of Trans
. : plantation
Jun.11,1963 (1} 8.Aman 17.80 3.00 81 2380.00 1,92,780.00
’ o H{(2¥-TeAus(HYV)17,80 --- 2,50~ 35708~--- 5950.00 2,12,41,500.00 -
7T (3 TiAman(HYv)17.80 - 77 28067 " $950,00 1,66,60,000.00-0ut-of.Trang -
o : ’ plentation
. :
Jul.12,1968 (1) B.Aman : 21.90 . 3,50 81 2380.00 1,92,780.00
(2) T.Aus(HYV) 21.90 2.50 235 s9s0.00  13,98,256.00

(3) T.Aman{HYV)21.90 1,000 3300 - 5950.00 1,96,35,000.00

Aug.22,1969 (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




SHMMARY OF FLGOOO DAMAGE (WITH ANY BREACH OF EMBANKMENT)

TABLE 7.9

1

1

"7 (LSS OF CROP IN TAKA)
AL

POLDER-T

POLDER-IV

STORM PEAK RECURRENCE . POLDER-1I ~ POLDER~III POLDER-Y WHOLE PROJECT
. DISCHARGE INTERVAL - {TK.) TR (TK.) (TK.} {TK.) AREA(TK.)
AT FATIK- Yo Tl PR : ,
CHARI by
{CUSECS) 1 , i o
Sun.11,18682 13,000 1.80 2,31,74,060  8,24,24,960 ° (51,13,030. 4,41,54,220 3,80,94,280 19,39,99,750
Jun.11,1963 21,000 9.82" 2,26,98,060 8,24,24,160 £9,64,280 4,37,18,220 3,82,87,060 19,30,91,780
Jul.12,1968 30,000 4.00 1,68,07,560 6,99,88,660 ' 60,53,530 3,39,30,470 2,12,26,030 14,80,06, 250
AuQ.22,1969 15,400 5,47 1,97,23,060  7,20,11,660° 1,22,11,780° 3,57,92,820 3,29,17,780 17,26,57,210

B

R

ol



NET FLOOD DAMAGE FOR ISOLATED' SMALL POLDER SYSTEM . |, »

g
ok
LT

{FLOOD DAMAGE COST IN THOUSAND TAKA)

TABLE

7.10

STORM el POLDER~] POLOER=IT I POLDER-I11 |
BILITy VITH ANY  WITH NET UITH ANY  WITH  NeT WITH ANY  WITH  NET
BREACH CMEANK- FLOOD  BAEACH - -EMEANK- © FLODD'-. .. BREACH Lf EMBANK— FLOOD
OF EMBANK MENT DAMAGE  GF EMBANK- mENT DAMAGE EMBANK-  MENT  DAMAGE
MENT MENT ! " MENT :
un. 11,1962 0.585 23174 330 22844 B2424 2362 ™ 80082 6113 55 5058
un. 11,1963 0,133 22698 8178 14520 82424 ;. 50143 32261 5364 2619 3145
Jul.12,1968 0,020 16807 4367 12440 . 59988 30896 39292 gosy 755 5208
AUg.22,1969 0,183 19723 3573 16144 72011 25644 46367 12211 597 11614
TOTAL 65948 o 98007 26178
AVERAGE 16487 i 49501 6529
FLOOD —
5TORM PROGA POLDER-TY POLDER-Y WHOLE PROJECT AREA
BILITY WITH ANY  WITH  RET WITH ANY  GITH NET 71 WITH ANV WITH - NET
CREACH OF EMBANK- FLOUD  BREACH OF EMBANK-  FLOOD BREACH OF  EMBANK~: FLOOD
EMBANK-  MENT DAMAGE  EMBANK-  menT DAMAGE EMBANK~ . MENT  DAMAGE
MENT MENT ! ' MENT
Jun. 11,1962 0,556 44194 1611 42583 38094 L1113 36081 5474 193999 188525
Jun. 11,1963 0,133 . 43718 17956 25762 38297 13381 24906 92478 193091 100613,
ul.12,1968 0.020 33930 10843 23387 21225 7187 14039 53550 148006 94456
AUG.22,1960 G.183 35792 7049 28743 32017 4898 26019 41769 172657 " 130888
TOTAL . 120475 103945 514482
AVERAGE : 30119 25985 128621

Y
O
N
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If any of the shali polder (say, Polder-III of lgrga East Polder),
uili be inundated due to its embankment breach, pthsr,small polder (Polder
- I and II of East Poldsr) may be saved from inundation by operating -
the gated drainage sluices thch mékés' Eﬁhé: --small polders indepén—
dent. :ln this case, lossaes are the net 'crqp damage of gﬁat smali
polder‘(PolderﬂIII) only and benefits are the net crop damage of . other
.- ‘---“unaffected‘poldersffPUlder‘i and II). On the-other hand,; the-same brsach .
“"'of'embankmeét“will‘inundate the "whole-large poldsr—{East Pdlder)'and“lﬁggeé
are £ha net crop damages of all smali poldérs (Polder I, II and III). The
..__;;isnlétedﬁsmalltpﬁldens:systemvcan;earn the:benefitsﬂfrom,their,ather
unaffected small qudgrs +1f one poldsr ié af fected bffa'breach in thé
"emban%menf:“Analysis:p%“thgse benefits-will help -in dstermining- the

feasibility between the alternatives of small and large polders schemes,
7.6 Benefit-cost analysis

Two alternative smbankments of S0-year and 25-year flood
frequencies for flood protection of the project. arsa wers considered.The
economic alternative is selscted on ths basis of costs and benefits. In
this economic study, the costs aré the ?unction of proposad embankments
cross—section. The costs are reiatedi to the embankments along Karnafuli

“vwrriver and-on both banks:'of Halda river extended. upto’ high grounds. The
benefits will be derived from net crop production ccnsidéring the project

fyithout Embankment" and The Project "With Embankment".

' ‘After salection of the embankment alfernatiue, a sscond study was

done on the plans of two different polder sizes (large polders and small
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polders). In- this cass, tﬁg'Eost will include the cost of embankment and
construction cogts of a few drainage sluices. The construction cost of

. —~——ambankment- -in-both the4altsrnatiue'plans wili'remain*sa@eAaSﬂnorcoat,ﬁor .
existing motor roads development is required. The benefit is the function

of crop damage with and without any failure of embankments of polder.
7.6.1 Analysis of embankment plans

- ~-7.6.1.4---Benefits, -costs and-financial..returns -

The presen@ and proposed land useé are shown in Table 2.1 and 7.3.

" 7 7" The crop acreages; ‘yields and praoduction values-of the'-‘project-"without —

embankment™ and the project "with embankment"™ are shown in Table 7.11 and -~
7.12. Yields and unit prices are based oh the present condition (EPC,1986 a).

The benafit of the project is the increased value of agricultural production.
7.6.1.2 Benefits of the project

The gross production values of the project "without--embankment"
and the project "with-embankment® are Tk. 309.88 millions and Tk. 549.16
millions respectively (Table 7.11 and 7.12). The production costs wers
calculated-onlthelbésis of BWDB present price index {EPC,1986 a). Production
costs for the project "with embankment" and "without embankment" are shown
in Table 7.13. The incremental annual benafit (Table 7.14) was found to be
Tk. 165.53 millions. A normal annual crop damage has been considered,which
is equivalent to  the flood damage by storﬁ o% 2-year flﬁod racurrence
interval. The normal ;nnual loss is =about 5.4? millions (Table 7.7). The

net incremental annual benefit was found to be Tk. 160.06 milliona (Table 7.14)

+ . ]




CROP ACAEAGE, YIELD AND PRODUCTION VALUE FOR .
PROJECT WITHOUT EMBANKMENT C T

TABLE 7.%1

! f
[
T

1
4

:B: NAME OF THE CROPS ACREASE g7 YIELD TITTRY, T?gﬁL'pRDDﬁEJ;gN'rTgi”IT iﬁ;E ggggSE+IDN
' ACRE ACRE - ‘ : TON MAUNO  VALUE(DD0'TK.)
1 G. Aman -LV 47,800 , 0,522 14 91%& 245,000 &;és 173 41,650 '
2 T. Aman -LV 13,000 0,560 . 15 ?2?§ 195, 000 %:§§ 170 33,150
3 B.Aus -LV 4,000  0.373 30, 1493 40,000 4586 170 6,800
4 T. Aus -LV 10,500 0.634 17 5egg 178, 500 gség' 170 30,345 i
S  goro - LV 1,000 0.634 17 - 634 17,000 4556 170 2,890 S
& Boro - HYU " 23,000 1,306 25 15567 0EC, 000 4556 170 . 155,600
7 wheat - HYV 130 0,746 20 57 2,600 4342 162 421
8 patato 1,275 4.030 108 - 5138 137,70Q qsés 50 B, 262
$  pulses 1,150 0.224 6 zé? 6,500 53§u © 200 1,34&
10 pilseeds 1,275 0.224 & 285 7,650 BO40  T300. | 2,295
11 yepetables 3,510  2.015 54 7072 - 189,540 2144 80 - 15, 163
12 chillies 160 0.672 18 107 2,880 8576 320 522 .
TOTAL = . 109,878
NET AREA = 45,000 ACAES CROPPING INTENSITY = 181%

S0L
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CROP ACREAGE, YIELD ANO PRODUCTION VALUE: FOR

FAOJECT WITH EMBANKMENT =

!

YIELD TOTAL- PRODUCTION- - -

NET AREA = 45,000 ACAES CROPPING INTENSITY

= 208%

NG, MARE OF THE CROPS ACREAGE  Tog7 MAUND, TON MAUND | gE}T ﬁnT%K/ ggggacrxum
‘ ' ACAE 4CRE b ! DN MAUND  YALUE{OOD'TK.)
, —— —

1 B. Aman -LV 500 0.522 .14 ~.%§ﬁ ‘7,00% 4%55 170 1,190

2 T. Aman ~HYV 39,000 1,706 357~ .._ 50934, 1365000 4556 170 232,080

3 T. Aus =HYU . 1EB,580 1.308 35 24160 647, 500 4556 170 110,075

4 gorc - HYV 26,000  1.306 35~ 33ee6 ¢ 810,000 4556 170 184,700

5 Whoat -~ HYY 165 . 0.821 22 1§5 s,qsé ~ 4?f2 162 508

6  potata 1,615 4.851 130 7834 209,950 1608 60 12,597

7 bulses 1,450  0.336 9 . 487 13,050 sigg 200 2,610

8  Dilsesds 1,698 0,373 10 . 652 16,150 8oan 300 4,845

9 yegetables | 4,465  1.060 B2 © 43663 - 366,150- - -2144 8O 29,290
10 chillies 190 0.746 20 a2 3,800 8576 320 1,216 - |
TOTAL 549,161 |

_\.
@]
~J
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COST OF PRODUCTION

..:.I e oW
t o
s

TABLE 7.13

QUANTITY USED - AATE

TOTAL _COS7_{OGO0/TK, )
LTEn UNTT i wr o {TKAUNIT) 1 wr
1. fMan-labour Mar—-days 5358 550 7355 607 : 20 107 171 147 911
2. - pAnimal-labour Pair-days 815 850 968 371 s 28 555 33 893
. . ' o
3. Seed/Seedling: T i
a) Paddy Tons 3815 1619 4985
Maunds _ 102 250 43 400 186 19 019 8 072
b) wheat Tons .5 - 4020
Maunds ~430 165 - - 150 20 25
T '
c) Potato Tons 476 T BD3 2010 i
Maunds 12 750 18 150 75 356 1 211
d) Pulses Tans 17 22 - 6700 ¢
: Maunds 460 586 250 115 145
e) Dilseeds Tons . B 10 7270
Maunds 204 258 . t2rse 56 71
. N I
f) vegetables Tens 26 33, , 4985
Maunds - 702 - 893 L0886 L 166
q) Chillies Tons - 0.18 0.22 30016 ! '
Maunds 5 6 11i2p 6 7
4, Fartilizers: o x
a) Ures Tens 2039 5568 4985
Maunds 54 652 149 213 186 10 165 27 754
b) T.5.p Tons 1195 3590 4744
, Maunds 32 023 96 200 177 5 668 17 027
c) M.P.. Tons 241 o 1291 4020
, Maunds 6 452 .34 610 © 150 968 5192
5. Insecticides Lbs 11 200 49 297 134" "1 500 6 665
: TOTAL = 174 330 248 079

W = WITHOUT PROJECT
Wi= WITH PROJECT

201




109

TABLE 7.14

SUMIARY OF BENEFITS :

5
( In 107 Taka
A. PROJECT WITH EMBANKMENT:

1. Gross value of productiaon 5491.61
- "2.7 Cdst .of_production S 1 .248B0.79
; 3“ Benref‘i.f;“- o 7 T - 3010.92

B. PROJECT WITHOUT EMBANKMENT:

',J.';Grqss:ualdé;qf prndﬁctinn . 3f1S8.78
2. Cost of pfeduction : 1743.30°

. ) o o

3. genefit |/ : . 1355, 48

i
i

!

C. INCHENENTRL.ANNUAL BENLFIT (‘3010.82 — 1355.48) = 1655.34

t

54.74

It

0. MORMAL ANNUAL FLOOD DAMAGE (TABLE 7.7)

16G60.60

1

E. NET TMCREMENTAL ANNUAL BENEFTT {c-o)
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7.6.1.3 The casts of project .-

.-Capitalvcost estimatss- have been prepared on'the.hasis of._the 1985
schedule of unit prices applicable to the BWOB Chittagong € and M Circle
(BNDB,19§5). A contingency of 10% ;bf structumﬂicosﬁ‘and Engineering and
Ad@inistration cost of 15% of structural cost including coﬁtingency have

been included, as shown in Table 7.15. The éapital_gost for two alternative.

-*f.-’embankm:nts.f’or_-SD—year--andr25—year..4ffluoduﬁrsquanciesT are TK. 76.58 millions —— ]

= LT

and Tk. 64.38 millians respectively. -
7.6.1.4 Assumptions for sconomic. analysis

{(a) Operation and,ﬁaintenance cost

! !

Annual 0 and M costs wers taken as 2% of the capital cost for the
flood embankment and 1% of the capital coast for drainage structures (EpC,
1986 b)., Annual @ and M cost was considered after implementation of the

project and will be dontinued throughout the project life.
(b) Construction period

It was assumed that the implementation of ths flood control project
would take three years (EPC, 1986 c). A three year-cnnstrﬁbfibn pericd 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 pattarn of bensfit build-up assumed

in the analysis is presented below (EPC, 1986 c):




Pattern of benefit build-up

Year % af full bénafit
1 ' -
2 -

- 3 -
4 18

: s ' 33 ]
6 T &7
© -+~ 7-50-0r-7-25 - 100 o s

(d) . Discount rate S . _ -

o~ Most-of-analysis-under-8WBB - is-done-at the.discount-rate of 15%.- -

T

(PRC/ECI,1985), as such the discount: rate in the economic analysis

considered was 15%.

{e) capital cost break-down

Considering thres years construction period of the embankments, the
capitalcost bresk-down is presentad bslow which is similar to other projects
-undser BuwDB.

Pattern of capitel cost break-douwn

ear Z of capital cost = |  __ ..
1 . 20°
2. T
3 3a
4-50 or 4-25 - -
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TABLE 7.1%

CAPITAL COST ESTIMATE OF EMBANKMENT

1. EMBANKMENT FOR SO-YEAR FLOOD FREQUENCY (50 YEAR PROJECT LIFE) .-

Embankment_{iocluding 1and acquisition and turfing) * Tk. 6,05,39,718
Physical—contingency ( 16%)- = "+ Tk. 60,53,972

Sub—total : Tk. 6,65,93,600
Engineering and Administretion (15%) : t Tk. 99,895,054

- Capital eost Tk. 7,65,82,744

2. EMBANKMENT FOR 25-YEAR. FLOOOD FREQUENCY { 25 YEAR PROJECT LIFE)

Embankment {including iand,acquisition and turfing) Tk. 5,08,50,0862
f .

b

Physical contingency (10%) ", ¢ Tk. 50,89,085
Sub-total : Tk. 5,59,79,948
Engineering and Administration (15%) : Tk. B83,96.992

Capital cost " Tk. 6,43,76,940
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' 5.6.1.5' Benefit-cost ratio” -

A projsct life of 50 years and 25 ysars were assumed for the
embankments of S0-year and 25-year flaod frequencies respectively: Capital
cast of the first alternative .i.g)embankment for 30-year flood frequency is
Tk. 76.58 millions and the capital cast of sacond alternative is Tk.64.38

millions—as shown in Table 7.15.
--~44m_Eansiﬂerih§1thewassumptidnq-ﬁonkeconomie:aﬁalysis:in“article s
7.6.1.4, the present worth of cast and benefit for first alternative have- -
-.been. found: to be Tk. 64.08 millions and Tkr‘549.37—millionshraspectiuely.
This making a~benefit cost ratio-as 8.57-(Table 7.16): Using the- same

assumption, the benefit cgst:%atio for the second alternative has. also .-
been calculated as 9.66 (Table 7.17). Hence the second alternative of

25-year flood frequency embankment is economically more feasible.
7.6.2 Analysis of small polder schemes

The polder schemes of different polder sizes are proposed for tha
flood protection of the project area. The proposed first plan is to construct
two large poldsers on both sides of Halda river valley and second plan is

to construct Five small polders.

As the caét of upgrading of existing roads - proposed to be ysed
as embankment; was ignored, the cost of embankment for both the above Easss
a;e similar for the das@gned flood freguency. An additi;nal capital cost of
five drainage sluices of Tk. 20.16 millions (Table 7.18) will be required

*

for the drainage of thas large East Polder when acting as three small polders




U TABLE 7.16 -

COMPUTATION OF BENEFIT-COST RATID OF EMBANKMENT FOR SO~YEAR FLOOD:

("IN THOUSAND TAKA)

i
o
sb

o - 50 year peozect trre o - (T
‘!. h - . ’ 'l ¥ "! }’ !

HER
i

CAPITAL 0 AND m TOTAL DISCOUNTING .PRESENT ET - PRESENT WORTH

YEAR  Cost cosT COST  FACTOR LWORTH OF  INCREMENTAL  OF BENEFIT :|
N COST ANNUAL AN
- ! 'BENEFIT : .
1 1,53,17 - 15317 0.869 - - 13318 - . -
2 3,82,91 - 38291 0.756 28953 . = -
3 2,29,74 - 22974  0.657 15106 -0 7.
4\ - 1532 1532 0,571 875 26810 ., - 16450
5 - 1532 1532 0,497 761 152819 - 26251
6 - 1532 1532 0,432 662 107240 46328
7-50 - 1532 1532 2.876 4406 160060 '+ 460337
TOTAL 64081 © . 549366 -
.; 1 2
. : 549366000
+ + Benefit-cost ratio = m,= 8,57
. i i




TABLE 7.17

L:l'-ll i AR
COMPUTATION. OF BENEFIT~COST RATID OF ENEANKNENT FOR 25-YEAR FLOOD
ol

. . 25 YEAR PRODJECT LIFE . e

1 i )

( IN:THOUSAND .TAKA) -

PRESENT NET

”YEAR CAPITAL O AND M TOTAL  DISCOUNTING PRESENT WORTH
casT cosT- COST  FACTOR-..' _ WORTH OF _ INCREMENTAL 'OF BENEFIT
. "~ cosT T ANNUAL v
- BENEFIT \
1 12875 - 12876  0.869 11195 - )
2 32188 - 32188 0,756 24340 - . -
3. 19313 - 19313 0.657 12698 I
4 - 1288 1288 0,571 735 28810 16450
“ 5 - 1288 1288 0,497 640 152819 26251
5 - ' 1288 1288 0.432 556 107240 46328
726 - . 1288 1288 2,679 3451 160060 428907
; ' TOTAL 517936

53615

Stt

. 517936000
« « Benefit-cost ratio = -33373666 = 9,66
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{Polder-I,II and III). Similarly the additional capital cost of a drainage
sluice of Tk. 5.20 millione (Table 7.18) will be required for the large

- - |jest Polder to act as-two-small. polders ~{Polder=IV-and V). -- -.

An&tfailura of embankment of a large polder will inunQata the
whole arsa and will cause large crop damage. On the other hand, that
failure will-inﬁndats,onlyfcne/hora—smali,pnlder/poldars and,other,small

')‘D?: poldef/poldefégmilI:faméiniﬁnaﬁfacted;.fur:ths planfoﬁ.smalltpoiders

system. -The benefit is derived from the savings of crop of flood unaffected

small polder/polders. This is the additionallbenefits[for the plén of small

lﬂ,__kpoldars. '

;.
7

—

7.6.2.1 Assumptions fonibénefibyéogf analysis -
- !t’

N
1) Additional caﬁital cost of ﬂrainage sluices weare estimated on the
basis of schedule of rates of Chittagong 0 and M Circle (BwDB, 1985).
Ten percent.of structurai cost for physical contingency and 15%
of structufe cost including contingency for Engineering and

administration .were included in thénanalysis. Cost estimation is

shown in Table 7.18,

2) Annual 0 and M cost was assumed as 1% of the additional capital
-'cost of .drainage structurss. This cost is considered constant from
the implementation of structures and will be continued throughout

the project life.

3) . A 25 years project life was considersd. -
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. ~ TABLE 7.14
ADOITIONAL COST ESTIMATE

(R) EAST POLDER: ORAINAGE "STRUCTURES "COST FOR INDEPENDENTLY
FUNCTIGNING pULDER—I,PULDEB-II AND POLDER-III

Drainage structures (R-1,R-2,R=3,R-4 and R-5) : Tk. 1,59,40,531
-Physical contingency({10% of structurs cost}) ' t . Tk. 1 15,94,053
o Sub—total : Tk. 1,73,34,584
. ,:nti=Enginaering-and-administration {(15%) ¢t Tko T 26,30,187 ._iAﬁ'
" TRdditlonal apital SoeFT —— T Tk. 2,01,64,771, T

Additional present worth of cost {considering 15% discount factor):

1) In the 1st ysar construction period X
—= (30% of .capital cost) : -t Tk. - 52,60,374
"2} 1in‘the- 2nd yYearzconstruction-period . '
77T (70% of copital cost) . t Tk. 1,06,73,229
3} 0 and M cost (annuelly 1% of capital cost for )
1] - .
3rd year through 25th year of projact 1lifeg) : Tk 9,75,660

Total additioghl present worth of cost : Tk. 1,69,09,263

. / Y

‘(B) WEST POLDER: DRAiNAGE STRUCTURE COST FOR INDEPENDENTLY
: FUNCTIONING POLDER-IV AND POLDER-V

Orainage structure (R-6) : s Tk, 41,112,913

Physical contingency (10% of structure cost) : Tk, 4,11,291
Sub—total : Tk 45,?4,20&

Engineering and administration {15¢) - T Tk. 6,78,631
Additional capital cost . t Tk. 52,02,835

Additicnal present worth of cost{considering 15% discount factor}:
i} In the 1st year construction period T
(30% or capital cost) . : Tk. 13,57,261

.2) .. In the-2nd year construction period
“- (70% of capital cost) . t Tks : 27,53,865

3) 0 and M cost (annually 1% of capital cost for
3rd year through 25th year of project life) 1 Tk. 2,511,736

Total additional present worth of cost i T Th. 43,622,862




4) A two year constriction period was assumed. About 30% and
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70% of construction work was assumed to bs complseted in the

first-and-second: year of the-project-life.

S) Additional annual benéfit derived from crop damages was based on

the averags of four storms of 1962, 1963, 1968 and 1969 (from

Table 7.10).

. .Téo_probabilities-of-breaching-of-embankment (0.4 and 0.25)-wers -

6)

considered in the analysis.

T.6:2.2 'Increméntal:banefit—cost»ratio

v
4
/

Ccnsiderind}the‘assumptions in article 7.6.2.1, incremental
/

.

benefit-cost ratios of differen%_cases of polder/polders affectead by
embankment breaching (Col., 1 of Téble 7.19) and protected from the flood
(Ccl. 2 of Table 7.19) were calculated. Incremental banéfit-cost ratics
are shown in Table 7.19. A average additional annual benefit { average
af crop damage of'four storms) was calculated from Table 7.10 for sach
case of poldar/;dlders with or without embankment breaching. The auafage
incremental benefit-cost ratios of East and West Polder were Pouna as
5.55 and 16.64 (Table 7.19) for an ausrggs.ﬁrobabiliffhogpb;éaching of
0.40 in any year. Simi;afl; the average incremental benefit-cost ratics
of East and West Poldér were found as 3.47 and 10.40 (Table 7.19) for
an average probability of breaching of 0.25. The average incremental
benefit-cost ratios.of who}e projectraréa éor Small Polder Scheme were
calculated as 8,32 andMS.ZU for 0;4 and U.éS breaching probabilities

respectively.

-«
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ESTIMATION OF BENEFIT~COST RATIO FOR ECONOMIC STUDY UF-?NALL POLDER SQHENE

11 K

TABLE 7.19

ANNUAL

BENEFIT-COST (8/C)

FOLDER POLDER DISCOUNT PRESENT WORTH OF TAPITAL PRESENT
AFFECTED BY  PROTECTED BENEFIT BENEFIT {TK.) FOR cosT WORTH "% . RATID FOR PROBABILITY
BREACHING FROM THE {AVG,OF NET FACTOR PROBABILITY OF '(TK.) OF CAasT OF BREACHING IN ANY
oF BREACHING OF  FLOOD DAMAGE BREACHING IN ANY YEAR 4 . . (TK.)-- - YEAR
EMBANKMENT EMBANKMENT | FROM TABLE 0.4 0.25 . C, 0.40 0.25
7.10(TK.) ) s
POLOER~1 POLDER-II AND  S6030000 144874540 90546580 20164771 16909263 8.56 5,35
POLDER-111 o
POLDER-11 POLOER-I111 AND 23016000 59511541 37194719 n n 3,52 2,20
POLGER-1 ;
POLDER-111 POLDER-1 AND 65988000 170622510 106635080 n " 10.10 6.31 ©
POLDER~II . ; ! =
: =
POLOER-I AND  POLDER-III 6529000 16881771 10551109 |, " n * 8,99 0.62 . a
POLDER-11 : =
' &S
POLDER-IT .AND POLDER-I 16487000 42629770 26643610 .0 ¢ " 2.53 1,58
PGLDEH-II I B 1 ] . ,
POLOER-III ’ ' ) o e
POLDER-IT . 45501000 2740 795995472 o " .57 4,73
AND POLDER-I 1 1279927 fa 7
POLDER-TY POLDER-V 25286000 67190550 41994350 . 5202835 4362862 © 15,41 . 9.63 . §
. : : ‘ - ; , nJ
POLDER-V POLDER-IV 30119000 77877482 48673433 " " , 17.86  11.16 e

Bl
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CHAPTER - 8

CONCLUSION AND RECbNNENDATIUN FOR THE FURTHER STUDY

8.1 Cenclusion

L

The main objective of the study was to find an economic flood

protection scheme for the Halda river valley on enginsering ;onsiderations.

-;w._In the_embankment design consideration, two alternatives of — ]
50-year a&d 25-year flood freguencies were studied. 'TheJcéﬁital”costé'dF:;;
" two embankmsnt plans of 50-year a&d’ZS—year flood Prequenciss were found

- to be—Tk.-?6.58~—and-Tk- 64.38 millions.respectively. —The_benefit-cost
ratlos of these embankment plans vere B8.57 and 8.66. It is thus ;seen,

that the embankmentfprogect af 25—yaar Flond frequenc¥ - is-comparativaly

more economic.

In planning consideration, another alternative.'of Small Polder
Scheme compared to Large Polder Scheme was . analysed for the same area.
Considering the Large East Polder consisting of three gmrall poidars and
West Polder consisting of twe gmall polders separately, it was seen that
the average incremental benafit—énst ratios of Small Polder Scheme far
Large East and.wést Polder arsas were 5.55 and 16.64 reépaétiuely for
0.4 brsaching‘prubabilityiin any’ year. - 5imilarly, the average incremental
benefit-cost ratios of Small Polder Scheme for both the large polder.
arsas were found to be 3,47 and 10.40 respectively for a breaching
probability of 0.25. The average incfamental benefit-cost ratios of Small -

Poldsr Scheme for the whole project araas were 8.32 and 5.20 for breaching

probabilities of 0.4 and 0.25 respectively, If is seen that the constructio
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of two small polders for Large West Polderwarea is more economic.

Considering the probability of breach in embankment, it can be concluded

thatfthelsmall-Poldan<Schéme.iS»mors-benéﬂicialAthan-Larga-PoldsERSGheme. -

- Considering the enginesring design and planning concepts, finally

it can be cuncluded that embankment SBCtan af 25—year flood Frequency wlth
five small. polders can provide Dptlmum flood protection for the preject.

-ared... The~ Small Polder Scheme with smbankment -oF-25~ygar .flood- frequsncy

et L e

is the economically - fea31ble and technlcally u1able Plood protsctian

project for Halda Rluer Uallay.

8.2 - 7Recommgndatiqn;fur~furthar'study IR

¢

Considering theﬁexperiance'gainad while working on this resaarch

project ths following items of works can be recommended for further study.

(1) A mathematical model of Halda river is necessary to study the
flow and flood characteristics and to analyse the effect of
any breach of embankment in any small polder on other small

polder/polders (upstream/downsfream).

'

(2) The upstream hilly areas of the project can be planned asg
storags raservoir to control the flood in mensoon and to provide
irrigation during the dry sssson. g detailed study in this
respect, would include a topographical survey of hilly areas,
passible ngaruoirs aites and their capacities and reservoir
'oparatiﬁh‘pclicy. Such reservoir project could also be usad
for hydrn—pcwer.ganeratinn. An aconomic comparison of such

- a project with the presently planned schemes could bring out
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-~

the best mode of development of water resources in the area.

. - A{3) - A—datailedfstudy,on-the-brsachss-of'embankment7-the'natura
~of the breaches and damages as direct and indirect caused by
such breaches is lacking. Such a field study on breaches is

necessary to evaluats the impact of smbankments on flood

- :Ecntfél.pdider.schemes.

-
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| "APFENDIX A

COMPUTATION OF EARTHWORK uoLuhEi'

EMBANKMENT CENGTH CREST GROUND  HEIGHT  WIDTH(FT, LONGITU-  SIDE VoL LME REMARKS

(FT.)  ELV. ELV, (FT.} . . TOP ..BOTTCM DINAL SLOPE  (0/00 CFT)

(Fr.so8)  (FT.s508) . ) SLOPE
' f. EARTHWORK VOLUME OF EXISTING YILLAGE ROADS
KARNAFULI RIGHT BANK EMBANKMENT 46000 8-15 6-8 2-9 4-9" 8-35 = - 2399,55  EAST POLDER
UPTO CHITTAGONG-KAPTAI BRIDGE ' . . .
CHITTAGDNG~-KAPTAI BRIDGE To - 47200 g-13 6-8 4=5 3-14  4~22 - - 1134,85
SARTAGHAT BAIDGE : . _ 4 - .
SARJAGHAT BRIDGE TO HIGH LAND 27000 11=17 8-10 3-7 §-10 B-24 = - 1202, 40
CHITTAGONG-KAPTAI BRIDGE TO 56000  9-15 7-5 2-4__ -  4-20 4-48 - - 2165.05  WEST POLDER
BOALIA REGULATOR T~ : '
BOALTA REGULATOR TO HIGH LAND 49000 10-15 9-13 1-56 2-14  4-80 = - 1610,10
s o . TOTAL = 8512,05. "
. 8. EARTHWORK UDLUNE OF EMBANKMENT DESIGN FOR SC-YEAR FLOOD L

KARNAFULI RIGHT BANK EMBANKMENT 45006 18,50 6-8 10-12 - 14 66-76 0. YRR C/s 1:2 22304,83 EAST POLDER
UPTD CHITTAGONG-KAPTAI BRIDGE ‘ p R/S 1:3
CHITTAGONG-KAPTAI BRIDGE TO 47200  18.50-25 6--8 13-17 14 ,55—75 -0.0(}02__6_ €/ 132 26427.53
SARTAGHAT BRIDGE ‘ , “R/S 132 !
SARTAGHAT BRIDGE TO HIGH LAND 27000 . 25-26 8-10 16=17 14 76-81 0.000037 " 21265,18
CHITTAGONG-KAPTAL BRIDGE TO 56000  18.50-25 7-9 10-16 14~ .54-79 (0,000086 C/S 1:2 30482.30  WEST POLDER
BOALIA REGULATOR _ : R/S 1:2
BOALIA REGULATOR TO HIGH LAND 490080  25-26,40 9-13 13-17 14 67-83 0.000038 " 36508.65

KARNAFULI RIGHT BANK EMBANKMENT

C. EARTHWERK

L

VOLUME OF ENBANKNENT DESIGN FDR 25—~YEAR FLOOD:

9-11 14

TOTAL =136988.49

46000 17,50 6~8 £1-71 0.000 ' €/5 1:2 19165,41 EAST POLDER
UPTG CHITTAGONG-KAPTAI BRIDGE Co R/S 1:3
CHITTAGONG-KAPTAT BRIDGE TO 47200  47,50-24  6-B §-16 14 - -52-78 0.00026 - C/S 1:2 23310.92
SARTAGHAT BRIDGE . . : R/S 1:2 :
SARTAGHAT BRIDGE TO HIGH LAND 27000 24-25 g8-10 34-16 _ + 14 72-78 0,000037 n 19142,88
CHITTAGONG~KAPTAI BRIDGE TO ' 56000  17.50-24 7-9 9~15 14 52-75 0.000086 C/5 1:2 26955.64 WEST POLDER
BOALIA REGULATOR ‘ ’ T R/ 152 |
BOALIA REGULATOR TO HIGH LAND ' 49000 24-325,40 9-13 11=15 14  59-77. 0,000038 n \31385,76

TOTAL= i

119960.61

9z1
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