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APPENDIX F FLOOD CONTROL STUDY

Mcihodblogy of Ilood Bcheﬁi Lstimate

Thc Swat River, a tributary of the Kabul River in the Indus basin, after the
Munda Headworks, blfurcatcs and flows down as the Abezai and Khiali Rivers.
These branches rejoin at the confluence poml near Charsadda about 20 km
upslream of Nowshera and ﬂow into the Kabul River. The Kabul River then

~ joins the Indus at Attock. - A number of tributaries join the ]ndus River

downslream of Attack before it empltes into thc Arabian Sea

In Ihc Pre-F/S report, the ﬂood bencﬁls of the Munda Dam were asscsscd lor the

“whole reach doxvnslrgam of the dam__snc through to the Arabian Sca, based on

the calculated benefits for the' redch between !he ‘dam site and Nowshera;
ampllfymg the bcncf' ts at a ratio of cumulatwe nver length bclwcen thosc up to
Attock (64 km) and up to the Arablan sea (1 739 km)

In the present Study, lhc asscssment of lhe ﬂood benefits was limited to cﬁccts

on the reach {rom the dam site, v1rlua]ly the Munda Headworks in thc Kimh o

River to Nowshcra in the Kabul R;vcr Addmonal benefits may be cxpcclcd in
the rcach downstream of Attock i in the Indus River but quanuflcatton of such

* benefits is cxlremely uncerlam due to lhc cumulatlvc impacts of flows from

olher mbulanes which join thc Indus Rlver Thus the csllmatcs of ﬂood

bcnchls dcnvcd al thlS time ar¢ consudercd on lhe conservalive sulc

5 Asscssmcnl of ﬂood bcncﬁts was camcd out as shown in lhc followmg ﬂow

chart



Flood Routing Applying Constant

Establish Flood Damage Factors

T

Prepare Relationship Between
Rate — Conslant Quiflow Flood Discharge and Flood
Discharging Rule Damage
. Determine Flood Outflow for Damage Values for Floods of -
Various Probable Flood Inflows Return Period for With and Wilhout
and Flood Control Spaces - Proiects

!

| Calculate Piobability of Excceding
> based on Danrage Values of Various
Probable Floods =~ - -

Calculate Annual Average Flood
Damage .

Difference of Annual Average
Flood Damages between Those for

Vith andWﬂhou!Pro_;ects }"!ood
Damage St

' Figuré FLL . Meiho&o]o’gy oi'Flaod Béne_ﬁt Est.imale

~ The assessmcnl mclhod of flood bencf' is is lo ﬁrst cslabhsh ﬂood damagc
factors as mcasured in qulslan Rupecs per square kilometers flooded for cach
classified fand use and then to prepare a rehllonshlp between ﬂood discharge
and damagc at the 1nundated area bascd on field flood damage }nvcsngatlon

results.

Roscrvmr opcralron and ﬂood rouung wcrc camcd om by applymg a conslant- o
rate - conslam outilow dlschargmg rule agamsl ‘the inflow hydrographs

- Outflows rcgulatcd by the reservoir were compu(ed for probable flood 1nﬂows of
 selected return perlods assummg sevcral ﬂood conlrol spaccs in thc rcscrvm_r o :

Wlth use of the Hood dlscharbc damage relatlonshlps damagc values for the

{loods of rcspcchve relurn permds werc computcd for both without and wnh the - "

Munda Dam. Thcse valucs were rcworked to derive probabllny of exccedmg' B

“from which the annua] average ﬂond damagc may be calculatcd The:'-'

; dlﬁcrcncc between !hesc annual valucs for the ' wﬂhoul and wnlh" the Munda o

Dam cases is the valuc of the ﬂood bcncfll cxprcsscd in Rupccs per annum.



F2
I2.1

Historical Flood Damages
Flood Damage Investigation

The ficld investigation including intcrviews with local people about flood
damage was carried out at 60 points over the Swat/Kabul River flood plain arca
downslream of the Munda Headworks and belween Warsak Dam 'md Nowshera.

Accordmg lo lhe flcld mvcstlgatxon resulls (refer o Table F2. 1) lhc lower Swat

_ _Rlver reach downstream of the Munda Headworks is flooded causmg damage

twice to four times every year dunng the ram),r season from June to Seplember

_ Based on residents rcsponses through interviews, the experlenced inundation
. areas were found cons:derably larger than those indicated in the Pre-F/S report.
_ The inundation arca covers not only the areas ﬂooded by the Swat River itself

but also those flooded l‘rom civil camls which are runnmg in parallel wrlh and

; _aﬁected by the Swal Kabul Rrvers and its lrlbutarjes According 1o the old .
 residents, the mundatron caused by the 1929 flood was the largest ever
- expcnenced in about the past 100 years in terms of flood magnitude, inundation
" area and duratron, and lhey were stranded on lhe lrees for a week at that time.

B Downstream of the Munda Headworks Ihc mam crop in the ramy se‘rson is
| . sugarcane which does not sufler scrious damage from normal {loods which occur
. twice to four times a year. " The flood with the reium penod of a few years may
- damage ha]f of the production. Houses in the vrllages arc not affccted badly by
. the normal ﬂoods but mud walls common]y used for the houses tend to be

L 'damaged when the 1nundatron duratlon is long

CR2
| Recorded maximum ﬂood peak is 4 500 m’/s (159 000 cuscc) in 1929 at the
: Munda Headworks as observed by Irrigation Deparlment (ID) of NWFP The

} 'j second maxlmum pcak drscharge is 2,413 m’/s (85,280 cusec) on July 25,1995 :
f as recorded by ID.. The third one IS 2 158 m3ls (76, 250 cusec) on July 15, 1988 -

Hlstoncal Bloods _- -

Rlver runoﬁ' observauon was made at lhe Munda Iieadworks by readmg staﬁ .

gauges and lhe measured water slagcs were converled to drscharges applymg _

_:. _stage dlscharge relauonshlp No allentlon was paid lo the observalron and
o recordmg of the posrtlonfopenmg of the gates for the Headworks Therefore the

dlscharge data- recorded at lhe Headworks durmg low ﬂow season were_"' .
: Concluded unrellable HOWeVer, in view that the gates would be lul]y opencd

i durmg the hrgh fload, the records al hlgh floods could be morc reliable 1o some

_' ext_enl Since there 1s no other data or way to estlmale more rellab]y than the
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| Accordmg to lhe rcsulls of ﬂeld mvcslrganon thc agrrcultural ]and along the

" At the time of the 1988 and 1995 ﬂoods lhe mundatron dcpth was O 5 to 2 0 m o o
' -_"\vrth a duration of 4 days A lol of vrllagers houses made of mud wa]ls .

rccords_at the Munda Headworks, the flood control studics stated below are
based on the discharge records at the Munda Headworks.

-Inund 'mon Arca

A flood mundanon area map was drawn for lhc ﬂoods whrch occurrcd in 1929,

1988, 1995 and normal year on the basis of interviews with the residents, flood
rmrks survey, and avallablc topographrc maps at a scale of 1:50 ,000, and shown
in Figure B2, 1 which covers the stretch- downslrc'lm of lhe Munda Hcadworks_

: 'and between Ihc Warsak Dam and Nowshera

. The arca of the mundallon for lhc ﬂoods 0[ 1929 1988 and 1995 1s wcll as lh'n
~ for the norma] year was cstrmalcd on thc basrs of Frgurc F2 1 and is as follows

Eshmated Inunda:iro_n Area ( kr_n

S : S Historical @ | Medium class Low class
River = | - o Streteh “floed - | floed L _.
S : - (1929/8/28) (e\’ 1995[7!25) {Normal year)

- | From Munda II/'W to Cneae Ll A :

_ Swal o - | Swat-Kabul confluence { - 188.75 : 95 Ly . 5150

S\Val! Kabul 'l‘olal inundalion area : 697 75' - 448 25 - 24425

‘ Frgurc F2 2 is the drschargc - mundatron arca curve showmg the rel'monshrps'
" between the flood peak: discharge and the direct flood 1nundatron ‘area of the
i Swrrl chr alonc cxcludmg lhe arcas aﬂeglcd by the floods of lrrbularrcs

For csumalron of ﬂood damages the 1nundat1on arcas of “1929 ﬂood” “1995 .-

ﬂood” and “normal year ﬂood” were ploltcd on a hnd use map rcprcsented by

500 m x 500 m mcsh Those are as shown in Flgurc F2 3 to F2 5.

i lnundallon Dcpth and Dumtlon >

) Swal and Kabul Rrvcrs whcre ihc ‘main crop rs sugarcanc is affeclcd by ﬂoods

= occurrmg twice lo four tlmes a ycar and wrlh an mundatron dcpth of 03t01.0m
and a duration of 1 o 3 days.’ HO\vcver, such ﬂoods aﬂcclcd only a small. :
number of houses . L L e T

4collapsed The mundatron duratron of lhe 1929 flood was aboul oic weck

M



Bank Erosion and Meandering

‘Topography downstream of the existing Munda lrleadworks forms an alluvial fan,
where the river bed slope becomes abruptly gentler. Thercby, sand bars are
formed and bank erosions occur at bends in the river course downstream of the

. Headworks.

ID of NWFP is in a position to take actions such as bank protection and spur

dike construction in order to stabilize the river course and protect the banks from
crosion. The acuons are m'nnly laken after the problems happened and no

_ ‘overall plan to cope with the rssues is formulaled “Many bank protection
_ struclures were observed to have becn co]lapscd and washed out duc to
~ inadequate desrgn and construction exceuted. Figure 2.6 1nd|eales locations of

bank protcction works planned and completed under the Flood Protection Sector

| Projecis and Table F2.2 shows the cost spent for the works.

" Governmental Cr)m'pensation for Flood Darn'lge
" No relrable record nor data wnh regard to Ihe flood damage in the pasl were
obiamed “Among the data collecled the only mdrcalwe data are district-wise

| details of losses and damages due Y ﬂoods and heavy rains obtamed from
Provmcral Re]ref Commrssroner 'I‘able R 3 shows lhose for years of 1995, 1996

and 1997 Summarres for Charsadda and Nowshera drslrrcls which are relevant :

| to the Khlah (Swat) and Kabul Rrvers are as fo]lows

_ 'I‘otal COmpenSau_on A_mount Rs.)

Sl Year -  Charsadda Distriet - - - Nowshera Dislrict
- 1995 - 455100 0 o .. 861,000
1996 -} - 1,760,500 T .
1997 ' R 592,000 e ' 11,508,000~ -

: ElTect of Swat Rrver Blood on Kabul Rlvcr n

ln order to know lhe area of ﬂood conlro] effect by the Munda Dam, the ﬂood

- hydrographs measured at Nowshera, Chakdara Munda Headworks and Warsak
T owere eategonzed into the followrng lhree palterns and frcqueney of occurrence

- of !hese pauerns was examined:

| Type-A Flood Evenls in lhe Swat Rwer measured at Chakdam and Munda o

. H[W and in lhe Kabul &ver measured at W'rrsak both of which '_

" _occurrcd at the same time -

’l‘y.p.e-B: | Flood Bvents in lhe Kabul Rrver measured al Warsak which oecurred

on]y in lhe Kabu] Rwer (No ﬂoods measured at Ch'lkdara and Munda)

FS -



Type-C:  Flood Events in the Swat Rlvcr measured at Chakdara and Munda
H/W which occurred only in the Swat River (No ﬂoods measured at
Warsak)

_ The examination was made based on lh.e daily runoff hydrogrophs between 1964

and 1995 at four gauges and all major pcak floods over 3,200 mYs measured al

_ Nowshera, which is equivalent to a 2-ycar return flood. Duung the period

examined, 28 floods occurred cxceeding 3,200 m’/s in total. Of these, three

| floods were categonzed as Type-A, whlch happcncd at the Swal River and

affected the Kabut River, correspondmg to 11% of the total. Twenty floods (70%
of the total) were calegonzcd as Type-B, which occurred in the Kabul River only.

- On the other hand, Type-C (floods in the Swat River alouc) accounted for five

floods, corrcspondmg to 18% The details are_ shown in Table F3. 1_ and Flgurc N

' F3 110 E3.9. _
Asa resull, il was known that onc-:hlrd 29 - 30% of the major ﬂoods whlch

occurrcd al Nowshera are somehow rclevant to lhc Swat River.

- I1ood Damage Estlmatlon Arca

Thc flood damqge estlmatlon arca was delmeated lo mcludc Ihc arca 1nundaled o
duc to Swat floods i in the Swat Rlvcr that aFfected by backwalcr of the Swat
. floods in the Kabul chr and that belween the conﬂucnce of thc Swat and the

Kabul Rlvers and Nowshera In order to know the backwaler effect of Swal '

_ :.ﬂoods in the Kabul Rlver it is desuablc to conduct flood plaln amlysns by
v developing a mathematical simulation model of lnundatlon Howcvcr there
' were no mput data such as detailed lop-ographic maps and nvcr secllons excepl

L 50, 000 scalc tomgraphnc maps for the mundatlon areas, and hcncc it requires

many assumpuous on the offered data. For these re'\sons it was decided notto -

.mrry out the flood plam analysis. _ In lhc present Sludy, the flood damago _
~ cslimation area was dcc1dcd on the basls of 1:50, 000 topographlc maps and ﬁcld R
_1nvestlgahon results _ : o

Thc mundalmn areas cxpenenced in 1929 1995 and normal year as sccn m'_'

. Flgurc 2.3 to F2.5 were dwnded mto thc followmg four areas in terms of.
-~ influence of the Swat and Kabul ﬂoods “The res_u}t of the c_lmslon is shown in SLRTES

o Figurc F4. 1

Area “A” Inundallon area of Swat River

- (from Munda H/W o Swat-Kabu] conﬂuencc)

© Area ‘;Bl”- !nundalnon arca of Kabul River -

(i‘rom Warsak Dam to backwaler cnd of Swal ﬂood)

.




"~ Area “B2” : Inundation area of Kabul River

(from backwaler end of Swat flood to Swat-Kabul conflucnce)

Area “C”  : Inundation arca of Kabul river
(from Swat-Kabul confluence to Nowshera)

in this ﬂo.od .conlrol sl-udy, .Are'i'_.A, Arca B2, and Arca C were chosen as the

~ flood damage CSlll‘ﬂ"lllOll arca.  This covers the arcas of flood contro} eficct of

the Munda Dam. Arca B1 was not included in the flood damage estimation
area because mundalxon of this arca rcsults from the Kabul floods only. The
ﬂood damage 1n Arcas A, BZ and C was esllmaled under the following

E condlllons : : _
1) 100% of flood damage is computcd in Area A, smce the mundauon in Area A

is caused by the Swat floods only. -

| 2) Arcas B2 and C are mundaled by the floods of Swat and/or Kabul chrs _

The flood damagc of these areas is eslimated:

_Dm@;@m = (Dpy+De) x Fm x R_m B
‘_Dm(Bm}) F _Flood dam'lgc in Areas B2 and C, based on whlch ﬂood |

o - control éffect of Munda Dam is evalualed
: _DB'Z"DC' Flood damage m Arcas B2 and C

o Fm o Ratio of the. number of ﬂoods in Swat River agamsl the
o - number of floods in both of Swal and Kabul Rivers (30%).
Rm ! Al the above Fm, ratio of discharge at Munda Headworks' '

- agamst that at Warsak Dam (1 1 then 50% refer to Table F4. 1)

. Fm of 30% menlloned above was dlscusscd in subseetlon F3 Rm of 50% was
o derlved from flood dlschargc data between 1988 and 1995 recorded at Munda :
L Headworks and al the Warsak Dam al lhe correspondmg llmc - '

* Consequently, 15%( 30%)'(50%) of the flood damagc in Areas 132 and C was
C taken as lhe base of lhe ﬂood contro] eftccl of Munda Dam R

. At Nowshera in Area C the majonly of river banks are of ﬂood plam owned by
the governmenl and ﬂood d'lmage is conSIdered margmal

_ Flood Damage Baetors

Flood damagc faclors are umt damage cosl in Rupees per square kllometers
ﬂooded for each elassnfied land use of lhe damagc caused by a flood, Flood
o damagcs prmmpally compnse damage lo_ agrlcu]tural crops housmg, o
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infrastructurc and other facilities. The flood damagcs factors were cstimated
bascd on agricultural crops damage factors, private housmg_, damage factors, road
damage factors, other direct damage factors, and indirect damage factors as

explained below.

Agncullumi Crops Damagc l*actors

Damages lo slandmg crops were cstimated analytxca!ly by a lcchmquc that
considers depth, duration and innc of inundation, flood susceptlblhly of each
crop, lhe extent of advcrsc cffects on yiclds duc_ to mundauon the farm cost and
the farm gate pl‘ICCS The loss is based on the expected cconomic farm gate

' gross revenuce minus on-farm cost that would have hecn incurred post -dated o

the flood event. Economic crop producuon budgel whlch detail monlhly net

| potential flood losses for maize, fodder, sugarcane, puises, vegctablcs and [rurts
“are given in Table FS .1." This was done in view of the facl lhat ﬂoods occur

_ 'mostly durmg the monsoon season. ~ The monlhly crop losses per acre of
* cultivable command area (CCA) are cstlmaled as seen in Table Fs.1 by

consndcrmg the effect on ‘cach of the crops relahvo to the month of ﬂoodmg and
the croppmg pallcrn which are combined with monlhly probablluy of ﬂood 7

" occurrence to obtain crop losses per acre ﬂooded in civil canal command area.

The area on clthcr side of the river w1lhm flood limits are moslly 1rngated by

civil canal and Kathas, traditional 1rr1gat10n melhods On the basis of these

assumption, the csumaled crop damagc faclor is Rs 4, 439 per ha (—Rs 1, 796 per -

- acre) flooded

anatc Housmg Damage bactors f o

" The damagc f'lctor for prwalc housmg propcrlles is calculalcd by consuiermg ;
: housmg dcnsrty per_square kilometer for local wllagcs and town (crty) area | _
- percenl dlsmbuuon of baked (P‘lCC'l) and unbaked (Kacha) houses and unil cost

of replacement as summarized in Tables ES. 2 to F5.5. Housmg damagc faclors _

o wcrc then assumcd based on thc part studlcs donc in thc nglon

Road Damage Faclors i

"l‘hc dlslncl -wise lola] Icnglh and dcnsnly data of mcta]lcd (pavcd) and_

unmela]lcd (unp'wed) roads were colIccted from lhc Commumcahon and Works S

'(C&W) Dcparimcnt as summarwcd in Tablc F5.6. Howcvcr, dctallcd damagc

records of roads werc nol ava1lablc Thc damagcs o’ mctallcd and unmcta]led -

roads in thc ﬂood plam area arc csumated based on thc pasl sludlcs ic road
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deasity of Study Area was assumed vsing data of Charsadda district in 1996. .
Unit road repairing cost obtained from C&W Department was updated applying
a price increasc of 10%. The estimated road damage factors are summarized in’
Table F5.7. '

Other Direct Damage Faclors

- Other direct losses including dam'rges to irrigation canals and K‘llhas hvcslock

stored grain, electrical distribution syslem (e]ecommumcatron, bank erosion, elc.

-are estimated assummg a ratio of crop/housmg/road damages to total direct
damages of 1: L 3 whlch is used i in lhe other ﬂood control projects in lhe region.

Indrrect Damage F‘ictors :

_ In the absence of ahemalwe 1ntormahon md]recl damage due to suspenswn of

irrigation supphes and traffic as well as the emergency costs assaciated with '
such a flood are estimated at 20 of the {otal direct d'lmages wnthm the flood

plam area.

These ﬂood damage faclors per square kllomeler for each land use categorles for

_ crops, prwate houscs, roads, olher direct and mdlrect damages are summarrzed .

in Table F5.8.

) Flood Damages .

_ The tolal potenlral losses can be esumated by applymg the ﬂood damage faclors

for each classified land use to the area inundated under wrth” and “wrlhoul” the

' construc{ron of the Munda Dam

For esllmatxon of ﬂood damages, lhe recem Iand use classlt" catlon data were ;

| plolted on a 1:50, 000 map and represenled as 500 m X 500 m mesh data as - :

R shown 1n Flgure F6 1

The mundaled areas of lhc “1929 ﬂood” “1995 ﬂood” and “normal year ﬂood" .

-were ploucd in 500 m x 500 m mesh map as given in Flgures F2.3 to F2.5. :
lnundauon areas due to respechve Swat ﬂoods and Kabul ﬂoods as we]i as the e

: area aﬂeeted by b()lh ﬂoods arc 1llustrated in Frgure F4.1.

o - The lnundalron areas for each classrfrcd land use are caleuiated on the basrs of S
~the 500 m square mesh data for the respecuve Areas A B and C as shown in

. Table F61 The lolal ﬂood damage cosls for Areas A, B1 B2 and C are

: summar:zed in Table Fé. 2



F7.1

The flood damages associated with the specific flood peak discharges were

plotied in Figure F6.2, to obtain relationship between flood peak discharge and
damage. . ' : : '

Fiood Rduling
Rule ofFlood chulauon

Reservoir operallon study and flood roulmg in the Muuda reservoir were made
-'_by applymg a constant ralc-conslant outflow discharging rule against the ﬂood
~inflow hydrographs as shown in the fo]lowmg figure. The rule i is to first select
an inflow (Qa) for starling gate operation (o rclease the dlsch'irgc at a constanl

rale until it reaches a peak discharge (Qp), and thcn 1o rclcase a conshnl

) dlsch'lrgc (Qp’) lhcrcafter

. Qp
Storage .
3 o o
Q ' Qout
Q
Time
Flgure F7 1 '_ Conslanl Rate - Constant Ou!ﬂow Rule

i 'lhc constant rate-conslanl oulﬂow rule is known cffccllve cven for medlum lo
low ﬂoods and floods whcrc no river lmprovemcnt works are lmplcmcmcd in the

< downslream rcach

" For more ef[ecllve Hood rcgu]allon, lhe mlroduction of a ﬂood forccasl}ng
' syslem is to be madc Thc flood forccaslmg syslem will mcasure ralnfall and o
: _dlschargc with use of lclemelcrmg syslem set up in the upslream catchment area e
: '._and prcdlcl ﬂood mﬂow 1nto the rcservonr . Federal Flood Commlssu)n has .
some expcrlcncc of 1nlroducmg the lclcmclermg syslem in Paklstan wuh thc' _
5 Tmancna] assmlance of ADB I IS rccommendcd that Ihc posmblhty of a
- telcmctenng syslcm in lhc Swat basm be s{udled in lhc fulurc b

R0

%}
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Ilood Frcqucn@ Curve

On the basis of the rcsu'_lts of probable flood analysis for sclected return periods
of 1.5, 2, 5, 10, 20, 25, 50, 100, 200, 500, 1,000, and 10,000 years, the flood
frequency curve t_'or' the Munda Dam site was developed as shown in Figure

-F71.2.

'Flood Control Space

In order to fi nd an '(')ptimum flood control space in the reservoir, cleven
- alternative ﬂood conlrol spaccs varymg from Oto 300 mllllon m* were taken up

~ for compmson

;The ﬂood outﬂows after ﬂood routmg werc then calculatcd by applying the
- "consl'ml ratc-conslant outflow rulc 1gamst respective prob'lblc flood mﬂows and
“cleven altemalwe ﬂood comrol spaces. Ax,cordmg to the results, the flood peak
- inflows are rcduced or mlligatcd dcpcndmg on the floed control spaces. For
' examplc mmgatlon cffects against a 200 ycar probablc flood ol‘ 5,720 m’/sec '

© . are summarized as below:

Flood Control | Peak Oulﬂow Reduced Discharge |- 'Rem . g
7 gna ‘ from Peak Inflow _ cenmarks (Equivalent
paces 1, | Trem e : Probable Flood)
{(10° m”} - : (m Isec} : (m /sec) ‘
-0 5720 L 0 | NoEffeet - = .
1| 5650 0 b e 70 - | 180 year return flood -
A6 | 5,170 T .. 550 .| - 120 year retura flood
20 L 4780 | - - 940 ' 70 year return flood -
50 | 3760 | - 1,960 . - 27 year return flood
s - 3,050 - L2670 14 year return lood -
00 < | 2420 . L 3,300 | - 7 year return flood
150 - 1,470 - 4250 3.5 year refurn {lood
200 : 930 - C4,790 " 1.9 year fetum flood
20 [ e | seso - of o
L300 470 5,250

, Flood Con(ri;l S.pacé and Flood Peak Reduction )

.'_~ From the above, 1t is sccn lhat with a ﬂood comro] space of 100 rmlhon m  the
~ 200- year probable flood is rcduced by 3,300 m’/scc and. mmgated up foa lcvcl

ke ofa 7-ycar rctum ﬂood almosl equwalcnt to the 1995 flood.

) Flood control benef (s’ w1]l be denvcd from thc reductlon of 1nﬂow dlschargc

- toward downslream reach
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- F8

~Average Annual I«lood Dam'lge

“Using the lincar relatronshrp belwecn flood damage and ﬂood peak mﬂows as

shown in Figure F6.2, the annual 'werage flood damage costs for diffcrent ﬂood

~ control spaces and probable flood peak inflows of different rctum perrods were
calculated. Table F7.1 show calculation resulls for “Without Project”, i.e. with -
" no flood control 'space while Fables F7.2 (a) to F7.2 (j) tabulate those for various

flood control spaccs for “erh Pro;ecl”

Flo'od‘ Control Benefils _ _
- The ﬂood control bcneﬁis are altamed as lhe reduclron of average annual flood

- damagcs expressed as difference of annual average damages bctween with 'md :
* without lhe Project. . Figurc F8.1 shows ‘the relatronshrp belwcen ‘the ﬂood -

control benefits and eonlrol spaces '

- Accordmg to Frgure F8 1, opumum flood control space may fa]] w1th1n a nnge '

bctween 75 mlllron and 100 million m’, Incremenl of the bencf“ tis margmal
even if the conlrol space is set at more ‘than 100 mrlllon m* and hence it was

' concluded thal a flood conlrol space of 100 mrlhon m’ be laken if the economic -
| _analysrs proved vrable '

_The larger ﬂood control space may provrdc wrth more ﬂexrble operauon for the |
- flood contro). In case 100 mlllron m of the spacc is provrded below ES.L. it

would result in the reductlon of 04% of annual energy productlon while 1t

'causmg the heightening of the sprllway gate by sonie 4. 4 m in case that lhe space
s 1o be provrded above ES.L.  Since the dam is desrgned on the basrs of the -
g normal reservoir walcr lcvel (rn lhls case ES. L) agamst the Probab]e Max;mum

Flood as explamed in Chapter of “Hydrolog1cal Study”, it is con31dered ‘
'appropnale lo allocate the flood conlrol space above FS L ‘ '

2
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