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Gl1.1

APPENDIX G DAM DEVELOPMENT STUDY

~ Plan Formuhtion

Conecpt of Plan l'ormulatron '

- The dcvelopment concept of the Pro]ect is of multi-purpose, combmlng power

generation, irrigation, and flood control. Investlg'luon results on the present
situation in these sectors and studies of the development plans are discussed in
Chapters 4, 5 and 6 of the Main Report and Appendices D, E and E respectively.

"The expected development plans presented in these Chapters and Appendlces for

the respective sectors are brlefed as follows

- 1) In the government s power polley, the prlonty is gwen to hydropowcr _

_development to utilize indigenous sources of energy The Munda power

~ station is planned with a eommlssmmng date of carly 2010s to cope with the

growmg demands aecordmg to the GOP development program Pcak power

gencration is expected for the Munda power station so that a merit of the

~ hydropower generatlon respondmg 1mmed1ately to thc demand is fully
' atlamed : :

Z)K The new a'ngatlon scheme extends in 1 both SldeS of lhe Swat Rlver The |

T planned CCA is 4, 066ha for the Ieﬂ bank area and 2,043ha for the nghl bank

- ~ arca, total 6, 109ha A tunnel system was selected as the feeder system at the -

" left bank, while a liﬂlng syslem with pumps was planned at the right bank
- from the economical viewpoint. = Some defi cits of 1rr1gat|on water supply in

o the LSC were found which are o be supplemented by the Munda Dam. The
o waler supply of 8.49 m’/s (equnvalent to 300cusec) to the civil canal located '
o downstream of the Munda Headworks i is also required. . :

3) An optlmum flood control spaee was decided to be 100 million m’ lhrough
g comparat1Ve study of the spacc allernatwes and lherr benefits. T he space is

allocated above FSL.

| 'I‘akmg into account thereof the optrmum development scale was formulated
o through the fo]lowmg three phases of optlmlzalron process

o Phasel deveIOpment of allernatlves conceWed based on magmtude of lI'IﬂOW

, 'and storage capacily, water requuements for power gencration and
o _1rr1gal1on requn'ed flood control space, and requirements  of re-
: "_'7':regulat1on weir including Opll()nS of lmprovement of - the exlstmg,
o Munda Headworks -

Phase_2_~ eomparlson of alternatwes and selectlon of optlmum scale through ,

'srmulatlon made by reservoir operatron stmulanon modcl and
‘ _oplrmlzatlon, and o a '

Phase 3 - 'schedulmg of the optlmum power development tnmmg m consrdcratron '

cooof power demand forecast and other power development programs in
- hand wﬂhm the nauonal power system :

EC



G1.2

Dcvelopmcnt Site

The Pre-F/S rcport publrshcd in 1992 proposed the Munda Dam sitc at around

“Skm upstream of the existing Munda Headworks. In the “Prcllmmary Peasrbrhty

Report for Lower Swat Gorge Development” publlshcd by WAPDA in August
1969, five alternative dam sites had been identified in the lower Swat gorge on the
map as shown in Table G1.1 and Figures G1.1 and G1.2, but for reason of security,

four dam sites excludmg the Munda had not been reconnortered Of these, two
* dam sitcs, Bamrgar and Ambahar were located at a river-distance of 6.4 km and

18.5 km from the Munda, suﬂrcrently far away from the Munda dam site. These
were, however, neither visited nor studied in the Pre- F/S In view of maximum

: explortatron of the hydro potentlals, it was consrdered nccessary to cxamine these

two sites further.

In the dam developmcnt plans at Bazargat and Ambahar descrlbed in the above

':prchmmary fcasrbrllly report, it is proposed to create a huge reservoir, some

9.2 blllton m3 (7.5 MAF) of storagc volume, by constructmg a 280-m-high dam

“which would submerge the upper Swat ‘phain, now densely populated It is

obvrous that the development plan with wrde submergence of the scttled area

i‘_should never be acceptable in all respecls Thus in examination of upstrcam

* dam site alternatwes thc possrble maximum reservwr water leVel was tentatively

taken as an elevallon of 580 m from emrlronmental vrewpo;nt on lhe basrs of the

o ‘_1 50, 000 scalc map

. The upstrcam dam srtes were cxammed looklng at narrow gorgc,s whlch are
- topographrcally hlgher than El 580 m in the map of 1: 50 000 The exammatron I
*identified three dam sites at rtver-dtslances of 3 km, 5 km and 1. 5 km from the
- Munda as shown in Flgure G1.3, and the table below

Fcaturcs at the A]tematwe Dam Srtes y S
© 5Km Site | .. 1L5 Km Site

Darn Sltes o l\‘lunda Site 3 Km,Slle- (Bazargai Site) | (Ambahar Site )
Max reservoir level | EL.S80m EL.580m | - - BL:580m |  BL.580m

Dascrest - | EL.583m | PL.583m | - FL.583m = } - BL.583m
Dam height - . 226m ) 219w | 21im C19%0m
Installed capamty : ‘700 MW 700 MW ) 700 MW K 700 MW :

In order to compare the alternauve dam sﬂcs on the same basm the fo]lowmg
rassumptlons are applled‘ ' 3 : e : T :

-' 1) the same maximum reservoir watcr lcvcl say, 580 m w1th gcncral layout bascd

on concrele face rockﬁll dam as shown in Figurc Gl 4,

©2) the same planning values as appcared in Pre-F/S rcport- i.c. ﬂood storagc

L volume watet rclease for power and rrrrgatlon, and reservorr operai1on model

- 3) feost parameters based on the collected data and R




- 4) benefit derived from power gcncrallon '1lonc as other benefits are marginal and
almost common to ali the alternatives.
The comparison was made based on capitalized encrgy cosl, i.c. present worth of
base cost including O & M over the project life divided by present worth of
energy gencrated over the project life at a discount rate of 12%. The result
revealed that the Munda Dam site alternative has the least capitalized energy cost
among the others as tabulated below: ' '

. Capitalized Energy Cosls

; : " Qi 5 Km Site 11.5 Km Site
Dam Sites . Mupda Site | 3 Km Site ( Bazargai Sitc) | (Ambahar Site )
Basc cost * . ... 1464 1 1,688 - 1362 . 1,242
| (Miltion US$)_ ' R ' -
Annual energy. 2,293 . © 2,159 2,055 - 1,761
| production (GWh) (2.215) - ) S IR
Capitalized ¢nergy © 0038 0.048 0.041 - L 0.043 -
cost (US$/kWh) | (0.040) L o ' o

"+ :Base cost excluding laxes and duties s

Q) ‘Figures in parenlhescs are values under pcak opcratlon condmon _

_‘ The Iablc shows that lhe Munda sne is cconomlcaliy most prcfcrab]c among the
allcmatwes The field reconnaissance made in October '1998 confirmed the

appropnaleness of the Munda Dam site espccm]ly in tcrms of topography and
'geology ' :

Gl 3 " Development Schemc Opumnmtmn
Gl 3. 1 cvelopmcnt Scalc Allernatlvcs )

‘The opllmum dcvclopmem scale is gencral]y lhe one whach produccs maxlmum
net benefit in the economic mdu,es after estimation of overall benefits of power
gcnerauon jrrigation and ﬂood control lhrough the reservoir operatlon szmulatlon |
study and cost/bcnef" t calculatlon ~ Further consideration is also required to
.d€CIde lhc optimum scale in vww of dam site topogr aphy and gco]ogy, and -
scdlmenlanon deposned al lhe upsfrcam cnd of the reservoir. Thc dcvelopment I
scalc opumuatlon study was carned out for the proposed Munda Dam snc :

o The possnb]c maxlmum rcservonr full supply level (FSL) was dctermmed lo be EL '
580 m from envnronmcnlal aspecls, which docs not. causc wide submergencc of
. the scllled area in the upstream end of the reservoir area based on the 1:10,000 ‘
o scale map, as wcll as (opographlc limit at Ihc Munda Dam sne whcrc a saddlc dam

R ma)' be requ1red for lhc hlghcr eIevanns

=Sedlmenl Tevel in the rcservmr was assumcd for cach dcvclopmenl scale

altcmalwc based on thc csumaled VOlume of accumu]alcd sediment up to 100
oy ycars aﬁer 1mpoundmg Thc dctall of thc scdlment volume csilmates is
o prcsenlcd in Sccllon33Hydrology of ihc Mam chort S

o



Lowest minimum operating level (MOL) of the reservoir was set taking into
account the sediment level and enough water depth above the power intake sill,
which is equivalent to about twice the power tunncl diameter, to prevent intake of
waer from air entrapment through lurbulcncc and vortex. '

In selcclmg development scale allernatives, all the issues mcnlloned above werc

~ taken into account. The to]lowmg is a list of the dcvclopmcm scale alternatives

, selccled for comparison:

Dc\:clopm(:nt Scale Altcrnatives

: ' ~ -1 Scdiment Pam | Dam Effective
No. | - Case _ FSL MOL Level | Crest ] Meight Storage -
505487 | FL.505m | B1..487m | BL. 4701 | BL.514m | 164m | 213 milw’
(1) | 505490 | -do- | BL.4%0m | -do- -do- ~do- | 171 mil m®
1505495 | -do- |EL.495m | -do- | -do- -do- | * 120 mil m®
1510488 | BL 510m | EL.488m | EL.470m | EL.519m | 169m | 260 mil m’ |
(2) | 510495 ] -do- ' |BL.495m| -do- | -do- | -do-'| " 188milw’
1510500 ]  -do- | EL.500m | -do-. | -do-. | -do- { 137miln’
T 515490 | EL.515m | EL.4%m | BL.471m | EL.524m | 174m | 308 mil n’
@) | 515495 | -do- . |EL.495m| -do- | . -do- -do - 257 mil m*
| 515505 |~ -do- | BL.SO5m | - -do- | -do- | -do- | 137 milm’
1520491 | BL.520m | EL. 491 m | BL.471m | EL.529m | 179m | . 366 milm®
() | 520500 | . -do- |BL.S0Om| . -do- | -do- .| -do- | 273milm’
520510 | - -do- | EL.510m | {-do- - -do- -do- | 7 137 mil m*
17525493 | EL.525m | EL.493m | BL.472m | BL.534m | 184m | 433 milm’
(5) 1525505 | -do- |EL.SOSm| -do- | -do- | -do- 293 mil m*
- | 525-515 -do- EL.515m | :--do- .| "-do- | -do-. | - 156mil m’
~ | 530494 | EL.530m | EL 494 m | EL. 473 m BL.539m | 189m | S21milm’
(6) | 530-505 | -do- {EL.S05m| -do- “do- | -do- | 381 milm®
- 530520 | -do- |EL.520m | -do- | -do- | -do- | 176 mil m’
535-495 EL.535m [ EL.495m | EL. 473 m | EL. 544 m| 19%4m | * 589 milm’
( | 535510 | “do- | EL.510m|  -do- | :do- -do- | 401 mil m?
. 15355251 -do-° | BL.525m | -do- + -do-. } -do- - 176 mil m*
y 540496 | CL.540m | GL.4%6m | EL.473m | EL.549m | 199m 667 mil m’
(8) { 540500 | -do-  |EL.500m | -do- Cido- | -do- | 625 milm’®
1540515 ] -do- | BL.SISm| -do- | -do- | -do- 420 mil m*
'540-530 ] -do- | EL.530m | -do- ido- | -do- | 176milw’ |
| 545497 | EL.S45m | BL. 497 m | Bl.474m | EL.553m | 203m | . 772 mil m®
(9 | 545-505 | -do- |EL.SOSm|. -do- | -do- | -do- | 672milm’
545-520 | -do-  |BL.520m| -de-" |} -do- | -do- | 467milm’
545535 | © -do- | EL.535m | -do- | -do-" | -do-"! " 203 milm’
"] 550-499 | EL.550m | BL.499m | EL-474m | EL. 558 m | 208 m | 866 mil m’
(10) | 550510 | . -do- - | EL.510m}| -do- .| -do- -do- | . 719 mil m®
1550525 | -do- {BL.525m| -do- .| -do- | -do- | 495miln
550540 |  -do-.. | BL.540m | “do- | ido- | -do- | 231 milm’
© ] 555493 | EL.555m | EL.493m | EL.474 m EL.S63m | 213m | 1 ,043 mil m®
(11) | 555510 | -do- |EL.S10m| -do- [ -do- -do_;' . 834 milm®
1555515 | -do- [ EL.SISm| ‘fdo- | -do- | -do- '} 766mil i’
555530 | -do- |BEL.530m | -da- | ido- | -do- | 522 milm’
$55-545 | -do-. | EBL.S45m| - -do- | @ <do- | -do- 231 mil m’

G4




. . - Sediment Dam . Dam Effeclive
_No. Case FSl. MOL Level Crest Height Storage

560493 | BL.560m | BL.494m | EL. 475 m | EL.568m | 218m | 1,148 mil m’

(12) | 560510 | -do- {EL.510m |  -do- -do - -do- | . 950 mil m’

| 560-530 -do- EL. 530 m ~-do - -do- -do- | = 637miln’

560-550 | -do- | EL.550m | -do- -do- - do - 231 mil m®
565494 | FL.S65m | BL.494m | EL.475m | EL.573m | 223 m | 1,296 mil m’ |

(13) | 565-510 | <do- | EL.510m | -do- -do- -do- | 1,108 mil m®

565530 | -do- |ELL.530m| -do- -do - -do- 795 mil m®

565-550 -do- EL.5S0m{ -do- -do- -do- 389 mil m®
570495 | BI.570m | BL.495m | BL. 475m | BL.577m | 227m | 1,455 mil n’

(14) | 570515 | -do- - EL.515m | .-do- -do- ~do- | 1,198 mil o’

| 570-535 -do- EL.535m |  -do- ~do- -do - 866 mil m®

570555 | “-do- | EL.55Sm| -do- .| -do- -do- 432 mil m*

7575497 | BL.575m | EL.497m | EL.475m | EL.582m | 232m | 1,592 mil m®

(15) | 575-515 | -do- |EL.S15m| -do- | - -do- -do- | 1,356 mil m’

| 575535 | -do- |BL.535m| -do- .| -de- -do- | 1,024 mit m’

575-555 -do- |EL.555m| -do- -do- -do- | 590 mil m*

; 580.497 | BL.580m | FL.497m | BL.475m | EL587m | 237m | 1,751 mil m®

(16) | 580-520 { ~ -do- - | EL. 520m i . -do- -do- -do- 1,446 mil m®

1 580540 | . -do- | EL540m| -do- | -do- | -do- { L0%milm’

580560 | -do- | BEL.S60m | -do- | -do- | -do- 633 mil wm’

FSL: Full supply level : ' ' ' : '

- MOL: Mmlmumoperatmg level

In the alternahvss 16 dam helghls wherc FSL ranges from EL 505 m to EL

_' 580 m w1th an 1nlervai of 5 m, were cons;dered Bach altcmatlvc is rcprcsenled
.- bya f‘gurc of FSL e.g the allernative 505 or a comblnauon of I'SL and MOL, e.g.
* the alternative 505-487. - Tablc G1.2 shows dclallcd featurcs of the respective

' devclopmenl scale allcrnauvcs '

- The ﬂood control spacc of 100 ml]llon m® was COﬂSldCl‘Cd to be provndcd abovc _

FSL as was discussed in Chaplcr 6 of the Main Report This provision allows the
power and 1rr1gallon sectors lo ut;lizc the cnhrc space of lhc reservoir bclwccn

o FSLand MOL..

: G_1.3,2_

Rcservou Opcraiion Slmu]alion o

In order to sclcct the mosl opumum dcvclopmcnl scalc among lhc altcrnahvcs

'prcsenled in the precedmg subsection, simulation SlUdICS of the rescrvoar_ .

g operation wcrc carried out by dcvclopmg a 51mulal10n modcl

' 'Condmons for the srmulallon arc 1lemlzcd as follows

e 1) Dala to be mpul into the model such as mflow, cvaporanon and water rpqu:red '

- for powcr generation and 1rr1gallon are on a monlhly basis. * In the simulation
model all the’ mpul data and calculatlon results such as stored volumc and

splll oul dlschargc arc rcpresenled by monlhly volume.

e _2) Insta]led capacily was ‘detérmined on thc ba31s of ihc ratcd head and maximum

p]:_ml dlschargc Thc ratcd head was lakcn as 96% of gross hcad derived by '

65



- Oullme of the dcvclopcd sxmu]allon model and ﬂow charl of thc 51mulallon are .

G1.3.3 il
. Data to bc mpul o lhe rcscrvmr operation smulahon mcdei arc 1nﬂ0w dlscharges el
at the Munda:Dam sile, cvaporahon water level—reservmr surfacc area—-sloragc_ o
“volume relallonshlps of the Munda rcscrvonr and re-rcguhuon weir, irrigation and

.'_"__other water supply rcqulrcment pcak operallon hour combmcd cﬂlcwncy of :
: gcnerator 'md lurbmc and tallwater rahng curve. '

"

subtracting tail water level at ihc maximum plant discharge from a reservoir
water surface Jevel belwccn I'SL and MOL, ic. two-thirds of drawdown
between FSL and MOL. - The m'nxmmm phm discharge is the dlschargc

_ available for a minimum 4 hours per day throughout a ycar at a dcpcndablhty

of 95% under the sclcclcd fSL and MOL condmons

Mmlmum planl discharge is 50% of lhc maximum plant dlschargc for onc unit -
~ of turbine. ' : :

Plant dlschqrgc to be uscd for powcr gcncrallon is sct as fOIIOWS'

Setlmg of Plant Dischargc

Total Plant Discharge, Voul (million m*) - Spill-out

': Discharge for Peak - Discharge [or Off:peak (million m¥) -
Vin> - - Vmax | Vin—-Vevap- Virr-Vmax | (S1+Vin-Vevap-
(Vmax + Vinin) S N . Voul)-Smax
Vin < © .1 Vmax or i 6 . . 0
(Vmax 4 \’min) Sl+V'n ‘Vevap—Smm B C o
" Where, : . _ :
-+ Vin Monlhly mﬂow volume (mllllon m )

C Vmax \Ion!hly dlschargc volume for peak pm\cr gencrahon (mllhon m ) .

Vain : Monthly dischatge volumc for off- pcak gencmllou (rmlhon m )
Voul Tolal month]y discharge volume for gencration (mllllou m ) L
\’evap Monthly cvapora!mu volume (mllhon n’) '

Vi s Monlhly mlgatmn water volumc (mllhon my

S1 7' : Reservo;r storagc volume at the begmnmg of moth (nulllon m ) A 7

. Smax : Maxnmum resen'olr slorage volumié at FSL (1111"101] m )

o Smm Mlmmum feservoir s!orage vqume al MOL (mll]lon m’)

: Thls dlscharge release ru]c was decnded to achlevc possxble maxlmum powcr c
' gcncrallon under the conditions fo meel lhc downstream requlremcnts for

' 1rr1gat10n and other water supply and to minimize the splll -oul volume.

S)_

An avcrage of rcservonr wa!cr Icvcls at lhe begmnmg and end of the month is

: applicd for cshmatmg the head for power gcnerauon Whlle Ihe higher v'liue T
~ belween tailwater level and two thirds of maximum dcplh of thc re-regulauon o

pond is uscd for cshmahon of lhc head

1l!ustraled in Flgure G1: 5

Dala Inpul to Rcservotr Opcrahon Simulauon Mndel



(1) Inflow at Munda Dam Site

The i_nflow' was estimated ﬂirough hydrological analysis incorporating water
intake volume piaimed to be tapped upsiream of the dam site in the future. The
estimated monthly inflow covers 42 years from 1956 to 1997.  The cslimated
annual average inflow is 206 m/s, ranging from 30 m*/s in January to 623 mYs in
July.  The dclaxl of thc 1nﬂow estimates is glvcn in Scction 3.3 of the Mam

chorl

Water year was introduced to fhe srmul'mons, lhat 1s, the srmuhuon s(arts from
the beommng of October whrch is the start of the dry season.

@) Evaporahon )

AThc rescrvoir cvaporahon rate used for thc srmulahons ‘was assumcd by -

mulhplymg the monthly pan evaporation records obscrvcd at Pcshawar from 1966

_to 1997 by 0.7. The factor of 0.7 is known as the pan cocfticient dcvc]opcd by
research in the United States and commonly used to derive the reservoir
* evaporation rate from cvaporallon records of class Apan, - The csllrmlcd annual
- average of reservoir cvapcrahon rate is 1,172 mm. - The detail of the pan
', cvaporahon data at Peshawar is prcscnted in Appcndrx C :

(3) Water chel—Rcscrvoxr Surfacc Area—Sloragc Volumc Rclatronshlp

The waler lcvcl - reservoir surface area - sloragc volume curve of lhc Munda o

reservoir was dcvcloped as shown in Frgurc G1.6 by usmg the 1:10,000 scale -

. maps. The curves for lhc alternative rc—regulallon weirs, which are located at
~ 3.5 km, 4.3 km and 5. 0 km (cxrstmg Munda Hcadworks srlc) downslream from °
g lhc Munda Dam axis respectively, were also obtained based on lhe same maps as '
: abovc as 1l]uslralcd in Flgurc Gl 7.

| (4) lmgatlon and Olhcr Walcr Supply Requrrcmcnl

: Downslrcam lrrlgatlon and other water requirements consrst of a) supply for thc o
new irrigation scheme of the lefi and right banks of the Swat River, b) supply for
e the Palai scheme, c) supply for the exisiing Lower Swat Canal (LSC) and Doaba
* Canal, and d) supply for the cwrl canals 1ncludmg an allowance Detail of thc_
' rcqurrcmcnts rs ngcn in Chaplcr 5 of thc Mam Reporl and Appcndlx B o

| "_(5) Peak Operatron Hour |

= A 4 hour pcrrod of pcak opcratron was dcctdcd on lhc b'lSlS of the recenl dally
Cs load curvcs of WAPDA and KESC system and assumcd futurc trend as drscusscd
S in Chaplcr 4 of thc Mam chorl and Appendrx D. IR o

| hc darly load curvcs of the Pakrslan power syslcm afe of typrcal cvemng pcak .

' pallcm and thc duralron of lhe peak load is around 4 hours lhroughout the ycar

G7.



According to records of more developed countrics, the shifting from the evening
peak with the duration of 4 hours to daytime peak with the duration of 8 hours

oceurs when the per capita GDP reached US$ 1,500 to US$ 2,000. Thc present
~ per capita GDP of Pakistan is around US$ 500 and future growth rate of the per

capita GDP will be 3 to 4% annually. Therefore, it is forecasted that the per

- capita GDP would not reach US$ 1,500 to Us$ 2,000 wnhm the foresceable future

and hence the change of peak load duration from 4 hours to 8 hours ‘would not

-- happcn in the near future.

The det'ul of the pcak operallon hour is dlscusscd in Appcndlx D.

- (6) Combmcd Efncwncy

Curvcs of lhc combmed cﬂrcwncy of gcncralor and iurbme were prcparcd for the

simulation sludy purpose on the bas:s of the currcnt cxpcrlcnccs _

) (7) Tfnlwaler RaimgCurvc o

- The tailwater ralmg curve was prepared bascd on lhc rcsults of non- umform flow .

" “computations for the stretch between the Munda Dan site and the existing Munda

- Headworks as rcpresenlcd in Figure G1.8. ~The river cross sections survcyed in
" this FE']Slbl]liy Study were used for the non-umform flow compulahons Details

. of the river cross section survcy arc presenlcd in Appcndnx A

: G1.3.4

Slmulallon Rcsulis of Rcservou Opcrallon

' Fhe rescrvoir operations were stmulated usmg lhc dc\feloped snmulatlon modcl
“All the above input data were mcorporatcd in the simulation. * Fifty elghl
dcvclopmcnt scale altcmauvc cases in total were mmulatcd and as a result annua] '

- cncrgy produchon was cshmalcd as shown in Tablc Gl. 2

G135

- and cost estimates. The dam lypes cxammcd were (1) a concrctc face rockfill dam
' (CFRD) (2) an carth corc rocklill dam (ECRD) and (3) a rollcr compaclcd o

Dam ’I‘}pc '

_Prom the topogmphlc and gcologlcal conslramts thc dam lypcs comldered :
- suitable for the Munda site were concrete gravity and fill type dams. These dam b

typcs were cxamined in detall lncludmg matenals survcys prchmmary lavouts

concrete (RCC) dam Of 16 dam height altemalwcs from 164 m to 237m

discussed in the prcccdlng subsccllon, the RCC dam was cxammcd for only thc o

lowcsl dam helghl (164 m)

- Dam lypc companson for the Munda s:te was madc for the Allcrnatlvc 555 (dam e
~ height of 213 m) belwccn ECRD and CFRD wherc Iayoul of ECRD is as shown in ~

o F1gurcGl9




ECRD considered here is almost identical to CERD in layoul but ils upsircam

“slope is 1:2.2 and downstream slope is 1:2.0, so the diversion tunncls and power

tunnel are longer than those of CERD. It was found that CF RD is superior over

'BCRD for the followmg Y€asons:

1) CFRD was cheapcr by 12% th'm in ECRD mamly owmg to shorter diversion

tunne]s

2) CFRD’s construction permd is at lcas{ one ycar less than ECRD’s, owing to

smallcr cmbankment volume.
3) River diversion costs and risks arc less for CFRD lhan for ECRD.

- 4) Leakagc cmerging downstream of CFRD has a basnc'\lly different significﬁncc

*than leaks through dams with earth cores, because there is no pOSSlblllly of
carlh core erosion and no potcntlal threat to the dam safety. -

- '5) Smcc thc entire CFRD cmbankmenl is dry, carlhquakcs cannot cause pore -

prcssure 1n the rockﬂll v01ds

A p0531b1hi)r lo oonstruct RCC type dam for the lowcst dam casc of 164 m in -
~ height was examined as seen in Figure G1.10, and the cost was found to be 27%

higher than that for CFRD. This is mainly due to the ‘high cost incurred for dam;

' .more than 3 mllhon m’ of concrcic were reqmrcd caused by the foundation
' gcology wherc apphcablc maximum design parameters of foundation rock were as

low as 2 5 MPa of shearmg slrcnglh with internal fnchon angle of 40 dcgrccs

. Based on thcse resulls CFRD was se]ccled as Ihe mosl approprlalc dam type.
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Optlmum Devclopment Schcme '

* All the cosls were esnmated for the basrc design developcd for the respcctwe

__'allemallvcs and converled lo. economlc costs, applymg a standard COnversmn -
- factor of 0.89 to the local currcncy porllon The construction period of 7 years is
ST 'assumed for the developmcnl scale allematwc 505, 8 years for the alternatives 510
B "lo 555, and 9 years for the allcrmuves 560 to 580. - Figure G1. 11 shows layouls :

for the alternatives 505 (164 m high dam), 530 (189 m hlgh dam) 555 (213 m

hlgh dam) and 580 (237 m high dam). -

' From the annual energy productlon csllmatcd for lhc rcspecilve altcmaiwes the

cconomlc power benefil was calculated by uullzmg long run margmal cost

= (LRMC) updatcd to Seplember 1999 tevel. Thc capacuy cost of LRMC is
- us§ 583/kW and annualized one is US$ 70. 29/](W The energy cosl of LRMCis
- ~ USy 3. 92/kWh for peak and US¢ 3. 36/kWh for olf-pcak ‘Details of lhe power'
o bencf' t calcu]allon are presenled in Chaptcr 12 of lhc Main Repon :

: : In addmon to lhc powcr bcnet‘ ls csllmated above, thc economlc agncullural
o bencﬁl of US$ 5.8 mllllon/ycar and economic flood control bene[‘l of US$ 0.9
e 'mllllon/year werc takcn lnlo account for tolalmg ovcrall economlc benefits.  For

e



dclalls of the agricultural and flood conlrol beneﬁls pleasc refer (o Chapter 12 of
the Mam Report.

" The dcve]opmcnt scale was optnmzcd by comparlng cconoimic mdlccs of the

development alternatives derived from cash flow amlyses The study results

were expressed in net prcsent value (NPV), benefit cosl ratio (B/C),' and cconomic

~ internal rate of return (EIRR) for the respective alternatives. - The relationships of

- NPV/EIRR and MOL for Alternatives SOS to 580 are prcsenlcd in Table G1.2 and
: I‘lgurc Gi.12.

Bascd on this comparahve study, lhe most cconomlcal combmahon of FSL and
MOL was sclected for the respective dam heights. The following table shows the
E cconomlc 1nd1ces for the most CCOII()mlCal combmatlons for given FSLs '

S " Economic Indices I'orAlterna!ues SRR :
Alternative I NPV @USSmiltlon) | " B/IC : LIRR (%)

505-487 372 | . Tz | 1L
510488 | 559 T 115
Tsi5490 | 959 - | 123 - | - 119
520491 . | 867 T s 2
525493 | 1045 TS | 124
i 530494 3.7 130 T 124 B
s3s495 |- 1254 | 131 [ . 125 i
540496 | 1424 - 135 128 )
545497 T 149.0 LT 128
7 550-499 1634 T Tu3s 0 ] 128
555510 | 1755 | " 136 129
T se0510 1789 135 0 1128
i s65.510 | 1837 134 127
T s0515. 1815 132 T e
575535 1676 | 129 123
580.540 186 123 | U8

. Thcsc economic mdlccs are also 1l|ustralcd in Figure Gl 13 Accordmg to thc

table and the figure, the va}ues of EIRR are almost identical for FSLs of 540 to L o

- 565, while those of NPV vary from US$ 142 lo 184 mﬂllon w1th thc hlghcst NPV
for Allernalwc 565- 510 '

7 -__Howcvcr, further conwderalnon was gwen to the reallsllc crcs{ lcve] of lhc Munda
. Dam from the vwwpomls of topography and geology of the dam site’ and

' sedlmcnlatlon expected-al lhe ups|rcam end of thc rescrvmr Thc followmg are'

' pomls of the conmdcral;on ' s o R

l) The ]cft abutmcnt of {hc dam sno shows 200 m long ﬂat con[' guratlon abOVo

EL 565 to 570 m.  Although 1t is shll possnble to conslruct a dam w1lh a crosl' SR

!cvci of EL. 587 m correspondmg to FSL 580 m, reallstlc max;mum crcst ]cvel_ E
s ]udgcd to be around EL 565 m topographlcaily ' -

2) A scries of water’ prcssurc tcsls on the nght bank of the darn s1te suggesl o

'_ rclallvely mtcnsnvc slackmg of lhc rock in thc parls of lhe slope hlgher than -

:"'.-GIO- ol



6137 | R
o __ Thc opllmum 1nstallcd capauty was studled comparlng economlc mdlccs of the i
capacity allcrnallvcs such as NPV, B/C, and EBIRR. - FSL and MOL are EL. 555 m .

~and 510 m as detcrmmed in the prcccdmg subsectlon o

around EL. 560 m, Considering several meters of foundation excavation, the
level of around EL. 565 m is deemed to be a limit of the dam crest.

3) Apreliminary estimate of sediment depth 1o be deposited at the upstream end
of the reservoir gives a valuc of around 20 m above the FSL.  The river bed
fevel at the upstream end is around EL. 580 m.  Adding some allowance to

~ the estimated sediment depth, FSL 555 m is considered to be the maximum.
The method of scdimént depth estimate was the same as that for the Mangla
reservoir studied in 1973 (scc reference 3).

~ These consmcrallons ledtoa conclus:on that FSL 555m wnlh MOL 510 m, which

corrcsponds to the dam crcst Jevel of EL. 563m is the pr'ictlcal and most
economlcal aliermuvc

The eﬁeclnvc slorage volume of lhe alternative 555 510 is 834 m11110n m’ belwccn

' FSL and MOL. . _Through the Study, the mstallcd capacily is 740 MW, of which

the plant tactor is 37%. The annual energy production is 2,407 GWh, in which

~ the firm cnergy (peak gencralxon) is 847 GWh and sccondary energy (off-peak
generation) is 1,560 GWh.

The installed capacity dcrlvcd from this smulahon _
study is furlher venﬁcd in the l‘oliowmg subsection. - : o

Table Gi 3 and Fxgurc G1.14 show the simulation results of thc rcservmr

* operation for the sclected allcmatwc 555 510 According to the result, deficit of

the irrigation water supply occurs twice in Fcbruary and once in March during the

: simulation years from 1956 to 1997. Frequency of the deficit is so small that |

suﬁlclem supply of 1rr1gallon water requlred can be allamcd

Inslalled Capacny

B Thc rcsull of (hc economtc companson is summanzcd as fo]iows.

Cumparalnc Sludy of Opllmum Installed (.apac;ty e

880 MW .

G

Installed capacity = | - 690 MW 740 MW 800 MW

Maximum discharge | ~ - 470 /s 505 m'/s . S45m’fs - | . 600 mfs
(Dependability) L (98%) (95%) (90%) (85%)

| Dependable peak output 570 MW - © 590 MW 30MW | - 250 MW
Anoual euergy, Total | 2,360 GWh 2,407GWh | 2,455GWh | 2,506 GWh
Fimenergy . | 835GWh _ | - 847GWh 627 GWh " |~ 368 GWh -
Secondaryenergy 1,525 GWh - 1,560 GWh - 1,828GWh - | 2,137 GWh
Plant factor 39% 37% - - 35% 33%
Economic jndices e ARERPEEIEEE EERERER B
NPV 164.6 mil US$ | 175.5 mil US$ 1714n'1i1 US$ | 154.6 mil US$
BIC 135 oo 136 o 133 - o] 128
BIRR . . - 12.8% - 12.9% 127% 12.3%




y 'Accordi.ng to this table, the installed capacity of 740 MW shows the most
cconomical indices. ‘Therefore, the optimum installed capacity is determined to

- be 740 MW. '

A p0551b1hty of base power opcrallon at the Munda Dam was cx1mmcd Two

groups of installed capacity alternatives, which are categorized by the plant factor
- of 87-98% and 61-66%, were comparcd by net prcsem values. The result of the

" comparison 13 prcsented bclow'

. Base Power I’lant Mternalues

Case | Case | Case | Case | Case | Case | Case | Case

' o Al A2 A3 Ad B1 B2 B3 B4
Installed capacity MW) | 110 | 130 | 140 | 150 | 230 } 250 | 260 | 290
Plant factor (%) _ 98 93 89 87 | 66 64 | 63 61
Annual energy, total . | 941 | 1,054 | 1,006 | 1,148 | 1,348 | 1421 | 1455 | 1,552
Firm (GWh) | 824 | 853 | 680 | 377 | 81 | 852 | 680 | 37

" | Secondary(owh) | w7 | 202 | 416 | yn | 516 | s69 | 775 | 1,176
' NPV(USSMnI) . 1024 "-34.1 190{ -788| 304] -172] 159} -60

‘ T hc companson lead to- negatnvc net prescnt values for all lhc altematwes
. Thercfore lhe base power operauon is not fea31blc at the Munda Dam -

' G1.3.8 Unn Capac1ly

o Thc number of the lurbmes and gcncralors and thclr unit capacnty were cxammed
- for the optimum installed capacity of 740 MW from the economical vwwpomt and
- selcctcd comparmg the following allcrnauvcs ' T -

Comparathe Sludy of Optnmum Uml Capacity

Number of unils 1 . 3Units - - 4Units ] SUnits | - 6Units
Unit capacity . 247 MW S 185 MW 148 MW - 123 MW
Annual energy, Total © 2,399 GWh 2,407 GWh 2411 GWh | 2413GWh
Fimenergy = .| 846GWh | 847 GWh 847GWh | 847 GWh
- Secondary enctgy C1,553GWh | L,S60GWh | 1,564 GWh 1,566 GWh
Planl faclor | - 3% - 3% | - 3% S A7%
Economic indices S Sl
NPV - - | 1733 mit USS { 175.5 mil US$ 174.9 mil US$ 165.7 mil US$
Bc o |13 | 138 ] 136 | 133
EiRR e ' 129% ' 129% .'-'1'2.8%_ 127%

. ThlS table shows the maxlmum NPV for thc case of 4 umls wﬂh thc umt capacny
of 185 MW Thc opllmum unlt capac;ty was lh rcforc dcczded {o be 185 MW. '

o Gi.4_ Development Layout Optlmlzahon |
;G1.4_.1 DamAxls o o ; o ) _ L :
At the 2- km long slrclch of lhc Munda Dam snlc varlous dam axcs mcludmg thosc | = 0
. cxammed in lhc Prc-PIS werc rcconnmtered in lhe fleld and a dam axis thal smls (o S

G122 -



G14.2

P

the topography was selected. - The dam axis selected, close to that recormmended

" in the Pre-F/S, runs on the ridge at both banks, almost perpendicular to the river

course and lics geologically on the pelitic schist, green schist and siliccous schist,

which have no serious foundation problem according to the geological assessment,

S0 nothmg constrains the layout of thc appurtenant structurcs such as diversion

. tunnels spillway, and powerhouse

Dam 'Pypc :

As stated in lhe prcvnous Scctmn the CFRD was seleclcd as lhc type of Munda
Dam. : ' :

" The cx;stmg world hlghcst CFRD is Aguamllpa Dam of 187 m hlgh Wthh was

3GL43

- completed in 1993 in Mexico.
“design in the world among which the highest is Shuibuya Dam in China. The

Recently, many CFRDs are under planaing or

hu1buya Dam is232 m in he;ght and cmbankcd with hmcstonc

Dam Helght and Sp}llway C'ipamty

. Thc dam crest lcvc] was examined addmg llic freeboard to lhc reservoir water

. ‘splllway capacily.

level ander ‘the condmon of the selccied FSL 555 m in combination with the
The followmg isa summ'iry of spillway allernatwes and the
requlred dam crest level, whlch are dlscussed in detail in Chaptcr Gz

Splll“ay Alternalnes and Requm:d Dam Crcsl Le\el

" Case 1 " Case2 Casc < “Cased
prliwa)' Gale pomon - SRR g ' '
Number of gate 2mpos : '3 nos - 4aos Snos - -
Gate width - S 150m . 155m 15.5m 16.0m
Gale height S 251m 21.9m . 184m - 158m
Spillway, No;gate part s = ISR I -

Crest length - 500 m - “180m. . 80m .. . Om
Crest elevation 'BL5550m ~ [EL555.0m  EBLSSSOm - .0 - -
Full supply tevel, FSL, - ELS550m  ELS5550m ~ ELSSSOm EL555.0m
Flood waler level, FWL(PMF) EL359.7m _EL. 560 8m ' BLS61.8 m  EL5628m
Frécboard @ : .o oo S R S
Normal above FSL 30m 3 Om } S '{ (}m S 30m
Minimum abo‘.e_FWL o S 10m - 1om " 1.0m 1.0m
Dam crest level EL561.0m . EL.5620m - EL.563.0m -~ EL.564.0m
: Economlc total cons!ructmn' US$748 mil - US$745 mil . US$741 mil "+ US$750 mil
cost : ] . LT S o . ’

- Accordmo lo lhls summary table Casc 3 is lhc mosl cconomlcai altcrnahvc
NS Thcrcforc ihc dam cres! lcvel was detcrmmed o be bL 563 m.

o USBR proccdurc

Thc requlred frecboarcl shown in thls lab]c was. csumalcd conformmg to the

'[‘hc cftecnve fclch was compulcd bascd on Flgurc Gl 15




G144 Dcvclopmcnt Layout

Dam layouis for the development sc'lle alternatives were prcpared for the purpose
of cost comparison and oplnmzahon of the allcrnatwcs Dam heights range from
164 m for Altcrnative 505 to 237 m for, Altcrnanvc 580. The newly prepared
topographic map of scale 1:1,000 was used for the dam layout study. The
layouts developcd are shown in F}gurcs G1.11 for thc Altcrmlwes 505, 530, 555
and 580. i -

" The iayout for all the alternatives is composcd mamly of two lancs river dwersmn
~ tunnels, a main concrete face rockfill dam with an mtcgratcd upsiream cofterdam
- a combined type spillway with gated and non- galcd overflow portion, a power

intake and walerway, a surface lypc powcrhouse, a river outlet tunnc] and so
- forth. ST - : ' -

The CFRD was selccled for lhe layoul sludy as the most approprlalc dam lypc
c0n31dermg topography and gco!ogy of the dam site, availability of construction

- maleml and technical and cost advant'lgcs of this type. Thc possﬂalhty fo

conslruci a RCC Eypc dam for the lowest dam case of 164 m in height was .

: exammed _The cost comparison of thc CFRD and RCC dam rcvea]cd the cost_
"1dvanlagc of CFRD with a cost mcrcasc of 27% for the RCC dam Thcrcforc,
cven for the lowest dam allernahvc CF RD is appllecl for dcvclopment scalc . R

_ ophrmz,ahon study. N : - : '

At least lwo river leCI‘SlOI’l tunnels are requnred 50 lhe river outlet fac;hlies can be L
installed in lhc one of the tunnels whllc the other tunne! commues lo dwert the
nver flow. B :

The combmcd typc spillway was ]ald out on thc lcft abulmenl to sult thc

topography. = The non-gate weir pOl‘llOll will rclcasc cxccss rcscrvmr water 3
_ automatically even if the spillway gales ma!funcllon The emergency splllway of -
fuse dike typc was not designed bccauso of hugc amoum of excavatlon work
' whtch leads to h;ghcr cost and envnronmcnia] 1ssucs ' '

‘A power m{ake an mtake gatc shaﬂ a hcadracc tunnel a surgc Iank pcnslock o
"‘ tunncls, open penstocks a surface type powcrhouse and an opcn swnlchyard were -
laid out on the nght abutmcnl - : :

g _‘-Thc river outlet facﬂlucs constructed m Ihe one of the dwcrsnon lurmeis w1|i bc
- utilized to release river water downslrcam for meelmg irrigation and other waler
requirement during reservoir 1mpoundmg as wcll as to release reservonr watcr to
draw down lhc walcr levc] inan emcrgcncy casc T ' : SR

" Re- rcgulahon facnlmcs are rcqulrcd whcn lhe P[OJCC[ is- dcveloped as a peak o :'ojﬁ -
: powcr stauon Through comparlson of thiee allcmalwc silés ‘of Ihc facilities, e
which are located 3.5km, 4.3 km, and 5 0 km (cxtslmg Munda Headworks snc)' B L '

G4



downstream from the proposed Munda Dam axis, the 3.5 km sile was selected to
be the most appropriate for the reasons of cconomical and environmental .

advantages. - The 4.3 km site will submergo the village of Pati Banda located on
the right bank. The remodeling of the existing Munda Headworks will lead to
modification of not only the Headworks itself but also intake structures for the

" Lower Swat Canal and Doaba Canal

GLS
 G1.5.1

The reservoir area and gencra] tayoul of the selected dcvclopmont scheme are

shown in DWG. €01 and Co2, rcspcchvc]y

Installation 'Iimmg
General

In ihe long—lerm Generation Program prcpared by lho National Powcr Planmng
group of WAPDA, the Munda Dam Project is planned to be commissioned in 2011

" - in case of the Normal Growlh Scenario and i in 2013 for the Low Growth Scenario.
* Reference is made to Tables D6.1 and D6.2 in Appendix D.- Accordmg 1o the

-+ programs, a number of rclatrvcly small hydro power planls are planncd after thc
-~ 9th5-Year Plan perlod (2003 10 2005). : ¥ |

'As mcntloned in Chaplcr 9 thc ear]rest possrble complenon lrmc of lhc Pro;ecl L

o will be 2009

The opirmum msta]lalron trmmg of Ihe Munda Pro;ecl is def ned as the ycar when
the Projcct is to be put in the least cost sequence of lhc long-term 1nsh]lat1on L

program of the power plants in the nalrona] grid. A comprehenswe and -

'sophlsucatcd powcr system planmng program, the Electric Gcncratron Expansion

" Analysis System (I:GEAS) was used for findrng the opllmum mslallalron timing

G152

of the Munda Projeci

Condmons and Assumplrons

B Bxamrmhon was madu by use of EGBAS under the followmg condmons and -
o :assumpuons . . e e , -
o 1) Applymg lhc collected systcm ]oad data consrslmg of lhc low growth sccnano |

- of the peak load and annual cnergy demands whrch 15 srmllar to World Bank_
" one, and load duration data. : o

R j”2)' lnpultmg the i xcd syslem mcludmg the Chashma nuclcar plant Chashma low

. head hydro plant, Ghazi Barotha hydro plant, and 15 prrvalo sector plams
- whrch are $cheduled durmg the 91h fi ve-ycar plan, as wcll as lhc
L '_exrslmgloperatmg plants ' 3 S -

5 3) lnpullmg expansron hydro candrd'rles consrstmg of \Jcelum Jhclum Golen

- Gol, Jinnah, Kohala and Taunsa, of whrch the proposcd 1nstall capac:ly is
e _" close to or more lhan 100 MW as wcll as Munda '



4) Inpulting cxpansion thermal candidates such as a coat fired plant, a combined
cycle plant and a gas turbine plant, of which lhc capacity is variable and
decided by the EGEAS computation. ;

~5) Sciting the base year of 1999, minimum reserve capacrly of 20% and discount
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rate of 12%.

lnst‘lllalron '1 iming

The result of the BGEAS compulallon rcvcaled that the Munda Prolecl has an
optimum lnsla]lanon timing of ycar 2010 as tabulated in Table G1.4 and 1lluslratcd
in Prgure Gl 16. -

_ Fcasihilily. Design |

; G21 'rGeneral

The fcwrbrhly dcsrgn for the main crvrl structures was carrled oul conformmg to
the 1ntematlona]ly applied and - acceplcd design ‘criteria and standards. The .

'~ development scale of the Munda Dam was decided as described in Chapter 7 of
~ the Main chort and Chaplcr G1 of this Appendix, in which FSL is 555 m with -
~ the installed capacrly of power gencrallon being 740 MW. General plan is
- shown in DWG C03. Thls chap[cr presents optlmlzauon of the struelures for the o

e
LG2.1

selected devclopment scalc and feasibility design for the optimal structures.

M'un le Structures -
Rlvcr Drversmn :

lhe nw:r dlversmn is requlred to dlvcrt thc river flow durmg conslructlon of the
main dam, spillway plunge pool, powerhouse and other slructures located on and
beside the Swat River. © Only the tunnel type in combination with the cofferdam

is conceivable for lhc river dwcrsron al the Munda Dam sue from lhe _' ‘

. lopographlcal vrewpoml

At Ieast two lunnels are rcqulred for msla]lmg the 1 nver oullct facxlmcs m the one -

.. of the tunnels whllc the other tunnel continues Lo dwerl lhc river ﬂow Takmg

accouni of the longer cons{ruclron perlod of 6 years and non- aVallablhly of the

_rehable flood hydrograph records at the dam site, it was decided to “apply
3, 630 /s of peak dlscharge a 25-year probablc ﬂood as a dwersron desrgn ﬂood

” and (o size the Iunnels as 1nﬂow peak bemg cquwalenl lo lhe oulﬂow '

" Both of the drversron tunncls are laid out oni the lefl bank One of ihe advantagcs B

. of the left dwersron tunncls is shorter lunne] lengih comparcd wilh that of the right

- dwersron lunncls - The anothcr merll is that energy of waler rcleased from the _:' .
. nvcr outlcl can be d1331palcd by uuh/ing the plunge poo] of the spr]lway after -




. o . . . : o
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coﬁlpletion'ol‘ the dam. - The selected left bank diversion tunnels are 975 and

964 m long.

As cxphmed in the subscqucnt section, intake of onc of the diversion tunncls used
as the river outlet facilities is to be aligned at a higher elevation than the normal
high water level of the re-regulation pond.  The designed inlet and outlet sill

levels of the tunnel are EL. 379 m and EL. 370 m, respectively. The another

diversion tunnel is ahgncd with the inlet sill level of EL. 363.5 m and outfet one of

- EL.362.5m as close as the nverbed level so that lhc initial river diversion can be

made casily.

In view of the existence of a dccp gully on the left bank just upslrcam of the main

dam site, by which construction of independent main cofferdam is made more

~costly, a cofferdam, which is later intcgrated with the main dam, was laid out.

The height of the coftcrdam would not affect the total construction cost much but
is llmllcd to an extent where the cofferdam can be constructed within one dry
season ‘after the river is dwcrtcd to the tunnels. - Thus, a 60-m- hlgh coftferdam -
with crest elcvallon of 410 m was decided. .

_ Dlscharge capacity of the dlversmn lunnels was compulcd for dl[fcrent tunnel
diameters under the condnlxons of both free and pressurc flows, of which the result

B ._1s shown in Figure G2.1. ‘As a result of lho compulallon 12. 0 m dlamclcr was
: found appropnatc for both tunncls ' R S

o j The desugncd rnvcr dlversmn is shown in DWG C04 and COS

. 62.2.2

Main Dam

)y Preeboard

-: _The frccboard conmsts of a normal frccboard above FSL and a minimum
o freeboard above the flood water level for PME

: z___,.Thc normal frccboard was esumated to bc 3. O m summmg the wmd sctup andr
©wave runup of 1 6m wnh the eftccilve fclch of 1.6 km, carlhquakc gcneratcd

wave helght of 1.1 m, and allowance of 0. 3 m for mall'uncuon of splllway gate.

"Thc mmlmum freeboard was cshmalcd 1o be 1 0 m summmg the wind selup and .
| wave runup of 0 7 m and the allowancc for splllway gate ma]funcuon of O 3 m.

| "Addmg the mlmmum freeboard of 1 Om to the flood water level of EL 561 8 m
3 for PMF lhe dam crest clevatlon was determmcd to be EL 563.0 m as dlscusscd o ‘

. _1n Chaplcr 7 of the Mam RCporl and Chaptcr G1 of this Appendlx The dam
~ crest BL. 563 0 m satisfics the normal freeboard requlrcmcnts m whlch lhc FSL is

i bL SSSm 'md lhe normal ﬁ'ccboard is 3, Om

_ __","'Furthcrmore, lhe mlcrmedlate [rceboard was also computed for conf' rmallon of '-
_""lhc ‘dam crest elcvallon 'lhc CSumaled 1ntcrmed1alc frecboard is 25m_



subtracting hall of the earthquake generated wave height from the anmal
frecboard. 'The surcharge water level is EL. 559.4m, hence the dam crest of EL. -
563m satisfics the intermediate freeboard requircment. :

(@) Dam Embankment

- General;
Mam fcatures of CFRD are as foliows:
Crest clevation: - ~BL.563m
Parapet wall top c]cvallon "~ EL.564m
- Dam basc: - e EL.356m -
“Plinthbase: - .~ . BL.350m -
. Maximum dam he]ghl abovc plmlh: 213 m |
: Dam slopcs S " 1: 1.4 for upstream,
RS ~1: 1.5 for downstream
Dam cres! length: - S 760m
. Damcrestwidth: .. 12m
 Width of concrete face slab: S 15m
Arca of concrete face slab: 191, 300 m’
'Lcnglh ofplmth T S 90m .
* Dam cmbankmcnt volumc o 16 500 OOOm

Thc phn front e]cvauon, Lypical dam cross secuon fmd del'nls arc shown in DWG. '
C06 CO‘? and CO8. Thc cofferdam is lntcgrated later w1th thc main dam '

RQQkﬁlLMaMial&:

Rock malenals lo bc uscd for lhc dam cmbankment are hmestonc quartnte and -

- siliceous schist. . The limestone is avallable at Sappare quarry site locatcd

: approx:malc]y 3km northeasl of the dam site with exploitable volumc of around
6 million m The quartmlc and siliceous schist can be quarried from 'I‘odobo

-~ Banda quarry situated apprommatcly 1 km upslream oflhc dam site in an order of

© 15 million m*.  Excavated fock from the splllway or other structure sites, mam}y
' conmsls of SChlSl is planned fo be used as part of the rockr | malcrlal

e Worldwnde engmccrmg cxpcr:cncc in CFRD constructlon have provcd
*appropriateness of limestone, quanznc and schist as rockfill fnaterial for CFRD
as seen in Table G2.1. ~ Details of the rockﬁll malcmls are dlscussed in Sccnon -
320flhe Main Reporl and Appendle IEEREEE A o

The main dam was designed with the u'pstréarri- and dowhslrcaﬁl"slopes of 1:1.4 .
“and 1 1.5, rcspccuvcly, based on the expericncc of the Sludy Tcam and in

" : Vcons1derallon of slopc data of the conslrucléd or dcmgncd CFRD as gwcn in Tablc' - 3
G21. In dam z:omng, llmcstone is placcd on the upsircam mnc and quarlnte and ST

G18



schist are located on the downslream zone.  According to Table G2.1, the slope

" of 1:1.4 is dominant for the CFRD constructed with limestone, while 1:1.5 is an

average for the CFRD constructed with shale and schist.

~ According to ICOLD bulletin “Rock(iil Dams with Concrete F'tcmg" downstream
‘slope of 1:1.4 is suggested for the area such as Munda sile with the possible

carthquake magnitude of 7 and peak acceleration of 0.15g. Thercfore, the
adoptcd downstream slope of 1:1.5 is 1cceplable '

The embankment dam composes the follon/ing ZONCS:
" Zone 1A: impervious earthfill over plinth
. Zone1B:  Random fill over plinth
" Zone 2A: - [‘ine fi ltcr '_ S
Zone 2B: Crusher run _
~ Zone3A: ~  Selected small rock -
Zone 3B: ~ Rockfill, limestone - -
~ Zone 3C: .~ Rockfill quartzrte and siliccous schrst
 Zone3D: Rockﬁll excavated rock. o :
o Zone 3E: B Scleeted large rock o

' Srllccous schrst for Zone 3C is known in some cases io produce a non- frcc

drammg rockﬁll The limestone zone (3B) will, thercforc be placcd at the
bottom of the downstream zone in order to draw seepage water downstrcam '

. The excavated rock (3D) is placed in the downstream in order to use the excavatcd :

material efficiently and in order to mlmmrze dcformatron of the dam -mdy whrch

. affects the concrcte face slab

Conere te Fa QQSI _ab’,’g' l'm' " an*i'l"-_; =

The concrete face slab wr]l be placcd in 15 m wrdths wrth watcr slops along the -
* vertical jOlnlS and perrmetrrc jomts al face stab and plinth. Thrckness of the

_rclnforced concrete face slab was decided app]ymg the equatron T = 0.3 + 0.003h,
where T is thrckness and h is vertical herght bclow dam crest. The slab concrete
will be placcd with use of a'slip forrn on the fine transrtron zone T he 1mpervrous

S earthﬁll zone is esscnual actmg as a ]ornt or crack hcaler

: Thc three types of plinth were dcsrgned wrth the wrdth and thtckncss of 6 m and
o 0.6 m, 8 m and 0.8 m, and 10 m and 1.0m dependrng on the magmtude of static _
- - water prcssure mcorporatrng the expcrlences of CFRD The maxrmum hydrauhc o
- gradrent is estimated al around 20. S o

o The’ perrmetnc ]omls arc composed of copper waterst()p and stam]ess stee] '
- waterstop oo_vcred _wrth_cohcsronless fines. - The vertrca] ~rornts are dcsrgncd with

o1
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copper waterstop and hypalon waterstop. ~ The tension vertical joint is covered
with cohesionless fincs, These ideas arc based on the experience of CFRD.

Parapet Wall:
A vertical parapet 'wa}l_ i_vill be pfovidcd at the dam é(cst in continuation of the
_ upstrcam concrete face slab. The wall is 5.6 m high. - The parapet wall is used :o_

reduce the rockfill embankment volume and to provide a sufficient space to

‘accommodate the face slipforim equipment.

Sp:]lway _ .
(1) Splklwqy Conf gurahon Oplnmzalmn :

In order to rcgulatc mﬂow ﬂoods into the Munda reservoir r and ensure safety of

the dam against extraordinary floods, Ihc splllway conf gurallon qu 0p11m1zcd

Bccausc of cxrsicnce of numbers of deep gullles running on lhe nghl bank sule

the alternative to Iocate the spillway structures on the nghl bank was not -

B c011s1dercd and thus was discarded in the bcgmmng Similarly, a non-gated weir

: 1) Typc 1: gated sp}llway alone g L 0

alone was not considered due to rclalwcly large PME Taken up for opllmlmlion

~ examination are (1) galcd spnllway alone, (2) a combmal;on of gatcd Splllway with

non-gated weir and 3 gatcd splllway with fuse plug whlch may be consndcrcd for

the higher ISL as thc rescrvoir rim may allow for conslruclxon of the fuse plug | _
- lopographlcally The followmg lhrec ap]llway typcs were comparcd to sclcct the
opumum type: ' : : : -

©.Fuse 'piﬁg .
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The spillway Type 1 has 5 sets of spillway galcs, 16 m wide and 15.8 m high.
The spillway has sufficient capability for flood control with constant ratio-
constant outflow discharging rule and sufficicnt discharge capacity for PME
However, this type of spillway has no flexibility to dISCh'%I'gC floods in case of
mfilfunctlon of the gates. The total conslruction cost was cstlmatcd at US$ 750

' mlillon

_ Thc spillway Type 2 has 4 scts of gates, 15.5 m wide and 18.4 m high, and with a

80 m long non-gated ovcrﬂow weir with the crest level of BL.555 m, which is the

same elevation as FSL. This type of splllway has an advantage (o release excess

flood water automatically through the non-gated weir even in case of mallunction

_ of the gates. The splllway Type 2 has both SUﬂlClCnl ﬂood control ability and

. discharge capamly for PME  The total conslrucuon cosl for lh]S lypc was
' estlmated to be US$ 741 mllhon

The splllway Type 3 has 5. sets of gatcs 16 m wlde and 14 9 m high, wuh 130 m

“wide fuse plug type emcrgcncy spillway. ~ This type of splllway also provndcs

issues as well as high prOJect costs.

sufficient flood control ability and discharge capacny for PME : However, huge
amount of cxcwallon volume for the emergency spillway causes cnwronmenn] _
- The estimated tofal construction cost is
',US$ 820 milllon ' ' L S

: -'As a resu]t of lhe comparlson among thosc lhrcc lypcs the sp}llway Type 2 was
i selected in view of the lowest conslrucnon cosl and morc ﬂEleIG operanon

_'rcsullmg in securmg lhc dam’s safely

An optlmnzatlon sludy was furlhcr made for the sclccfed splllway ’I‘ypc 2 in terms
“of the number and dlmcnswns of lhc splllway gatcs and lcnglh of lhe non- galed
- overﬂow welr as follows: :

Companscn 0[' gatc number and d;mcnsmn, and non gated oV erflow weir lcnglh

o

: : - Case 2A Case 2B - - Case 2C
Dam_cfcst:lcvel o - EL. _561.{)m : EL. 5_62.0m - LL. 5630m -
Full supply level .- EL, 5550 m EL. 555.0m . BL.5550m
Surcharge waler level ¢ EL.5594 m EL.5594m . EL. 5594 m
Flood watcr fevel " BL.559.7m 'EL. 560.8 m EL. 561.8 m
Number of gate - - 2 nos. "~ J nos. 4nos
?;ﬁ;:‘;“’“ of gale (I X | 45 0mx25m | 155mx219m 15Smx184m
Crest length - 300m o 465m 620m
Crest elevation * - BL.538m - - BL.5380m EL.541.5m

+ . .| Discharge - - o] - 8,000mYs 1 100 mYs | - 12300mYs
| Crestlength - {0 T5000m 1800 m 800m
[ Crést elevation EL.5550m | - BL.5550m EL. 5550 m
Discharge L1L000mYs | - 5,500mYs 3,100 m/s

Total economic cost US$ 748 mitlion US$ 745 million | . US$ 741 million




According to this table, the Case 2C was sclected as il is. the ohcapcsl The
~ sclected spillway has 4 scts of gates each 15.5 m wide and 18 4 m hlgh with a
80 m long non- galed overflow weir. : R

: (2) Spillway Componcnts
' Bascd on thc spillway ophmwalu)n sludy mcnhoncd above the feasxblllty design
© was pcrformed applymg the followmg paramctcrs AU '

- Damcrest: . - - EL.563 m o
Dcmgn dlschargc for chutc L _3 800 m’/s (1 000 years probable ﬂood
S . outflow) . -
Design dischafgé _for plunge pook: - 1,900 m"ls (100 years probable flood
. o " ouiflow) |
Gated weir: . dnos, 15. 5 m w1dc X 18 4m hlgh gatcs
S f-_ogeccrcstELStllSm S
 Non-gatedweir: . 80 m long with crest BL. 555 m
+" Chute: - - R 60 m wide and4 7t1052m hlghwall :
Plunge pooi ST 175 m long and bed ievcl bL 354 m

' I‘lguro G2.2 shows the dlscharge capacniy curves of the dcs:gncd splllway
- DWG C09 glves plan proﬁlc and secllons of Ihc splllway :

Thc followmg “describes specnﬁc con51dcrat10ns relatcd lo thc spll]way .

' componenls (i-c. forcbay, hcadworks, chutc and p]unge poo]) bul it must be noted - - |

~ that dzsign of the spillway is subjccl to hydrauhc model stud:es wl‘ich w;ll be
conduclcd in the next phasc of thc pro_|ccl aclmues ' ' -

. The forcbay to be provldcd in from of lhc splllway hcadworks funollons lo Iead
flood discharge smoothly to the ovcrﬂow weir of ‘the spillway. “The bed
" excavation level was set at El, 531, 5 m, 10m lower than the gatcd ogcc crcst levcl .
. by whlch the approach vclocnly is lcss than 0.4 m/s R .

S The headworks consmtlng of gated and non- galed porllon work to conlrol ﬂood-
: dlscharges and ensure dam safety lo release PMF at maxnmum - The’ gale pomon i

| " is BL. 541 Smat crcsl and cqmppcd wllh 4 sels of splllway gates of 15.5 mwide =

‘and 18.4 m high. The upslrcarn face of lhe welr at the gatcd poruon is mc]mcd at h
a slopc of 1 (vcrtlcal) 2/3 (honzomal) to max1m|7e the overf]ow dlschargc
cocf_hcncni Thc non- galcd pomon has 80 m long overﬂow welr w1th ihe crest of :

. BL.5SSm. - ‘ - |

T
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" River oulicl was d051gned for lhc purposes of

At PMF with the maximum reservoir water level of EL. 561.8 m, discharge

capacily is 12,300 m*/s for the gated portion and 3,100 m’/s for the non-gated

~ porlion as shown in Figure G2.2. The ratio of the discharge capacity of the non-

. gated portion is 1:0.25. The flood control operation will be made by use of both

the gated portion and non gated portion.

" The spillway chute convgéy"s the dischargc rClcaséd from the reservoir downstream

smoolhly The chute widih was decided to be 60 mi considering a width of the

plunge pool wrlhout drs{urbmg the surroundmg river banks.  The chute is mainly

divided into upper part and lower part, the former is 1:6.5 in bed slope and 4 Tm

- inwall helghl and the latter is 1:1.7 in bed slope and 5.2 m in wall height.  The
- design discharge is for a 1,000 year probable flood outflow of 3,800 m’/s. PMF

' oqulow of 15, 40{) m /s is also 1o be convcycd without ovcrlopplng from thc chutc

wa]l

In lhc chutc aerators are 0 bc pl’OVlde for prevcntlng crosmn of the chutc '

‘- surfacc due to cavuallon appcarmg on the chute floor.

. Thc dcsrgn dlscharge is for a 100 year probablc ﬂood oulﬂow of 1, 900 m’/s. The
o water ]cl jumped from the ﬂlp bucket reaches around 310 m from the flip bucket
~ when the design dlschargc is rclcascd The lcngth of thc pIunge pooi is set at

; 175 m and bcd level is cxcavated to EL. 354 m,

RIVCI' Oullel

a) relcasmg waler required for irrigation and other water supply nccdcd

: downslream of thc Munda Dam when powcr gencratron halts for some
' reasons, ‘ -

b) relefrsmg water rcqulrcd for 1rr|gatlon qnd oihcr watcr supply durmg B

: 1mpoundmg of the Munda reservoir alter closmg the last diversion tunnel, and

c) lowcrmg (hc reservoir water lcvel bclow the ogcc crest of the gated .*3p1]l\-.'a:,r in -

As menuoned earher the river oullet facrhtlcs were planncd to be provrdcd in and o
by remode]mg the left diversion tunnel.  In order to meet the abovc rcqulrcmcms '
- the river outlet should have an 1ndcpendcm intake from the diversion tunnel at a

- case of emcrgcncy

s :, hlghcr elcvanon than lhc assumed sediment lcvc] in the rcscrvorr The intake is |
s to be connccted lo the lunncl by a verlrcal shaﬂ :

_"'_7Dramctcr of the vcrlrcal shaft was dcc1ded to bc 4, 5 m lakmg mto accounl a
b dlschargc vclocnly of 5.0 m!s in the shafl and thc cxpcclcd maximum downslream



water requirement of 80.6 m%s in Junc. The velocity of 5.0 m/s is considered a
maximum allowable velocity in the concrete conduit in normal case. The

~ velocity reaches around 23 m/s in the shaft at the maximum discharge of 358 m s
1o be released in case of emergency.

“The nver outlet fac:htles are '1ccommodatcd ina gate chamber arr'mged in the left
diversion lunnel and ata hlgher elevation than the maximum water level of the re-
regulatton pond so that the relevant structures are always kept dry On the other

 hand, the outlet invert of the dlversron tunncl cum. river outlet will be set at an
_ elevation close to that of the right diversion tunncl 50 that struetural con[" iguration
- of the sp:llway flip bucket and these outlet structures can be made easﬂy

Access to the gate chamber is via a shaﬁ constructed just downstream of the dam
_axrs " Because of high head of 170 m, {wo s¢ts of slide gates were desrgned cach :
being housed by steel boxes wrth upstream be]lmouthed conduils and downstream
waterway being sleel-lined by 100m in length for protecting concre(e surfaee of

_ the tunnel from the eros1on due to hlgh veloetty ]et ﬂow

_Reservorr 1mpoundmg is scheduled to commence in {)ecembcr and the reservoir
water Jevel be raised at a rate of 1 m per day. The reqmred flow area of the river
~outlet facrltues durmg the 1mpound1ng ill the reservoir water level reaches the
- river outlet mtake sill was calculated for each month by applymg the average
~reservoir water level and water supply volume required for downsfream 1mgatton
e Consequently, the rcqmrcd ﬂow area of the river oullet gates was estrmated to be
9.0 m?. : _ _ S o L

. The followtng summartzcs the generdl conﬁguntron of thc rtver outlet faetlrlres

o Intake: . Mornmg glory type -
~ Cresl levelofmtake ~BL.480m R L
o Shaft: - . 45mmdlameterandIOOmdeep
g Gate chamber: .~~~ 7m high and 10 m fong '
‘Gates: . 2seisof guard and service gates,
- Upstream steel liner: - - Two lanes of steel condults wrthabellmouth mlet L
_: Downstream ste_el liner: - 100mlong '
_ Gatebottom: - -~ .~ EL.383m -
Invert level at outlet ~ EL. 370m

DWG C04 shows the plan and proﬁle of the nver outlet
.' G2.2.5 Power Watcrway
. (1) W'tterway Ahgnment

There are several alternattves concelvable for layout of power waterway, one s < S
N ﬁltgned at the lefi bank and the other al-the right bank. I the waterway is short, . @
", surge tank may be omilted and hence, ‘with or without surge tank will be other
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alternatives. In the Pre-F/S report, an alternative to having waterway at the right
bank with surge tank and the usc of diversion tunnel was sclected.  Afier scruliny
of all the other alternatives, the followmg four alternatives were kept for

' economlcal companson

_Case 1: waterway with a surge tank on thc ﬂght bank,

Case 2 : waterway with a surge tank on the right bank utilizing a diversion tunnel
(when one of the river diversion tunne]s is to be aligned on the right
bank),

, Cas'e 3: waterway without a surge. tank on the rlght bank and

Casc 4 : walcrway without a surge tank on the lefl bank (when one of the river
' diversion tunnels is to be ahgned on the right bank and there is an

enough space for the powcrhouse on the left bank)

The plan and proﬁlc for each case are shown in Flgure G23. The fealures and

_ related construeuon cosl of the waterway alternahves are tabu]ated below

' Fcatures and Construct;on Cost o!‘Waterway Altematnes - b

: _ Casel Case 2 L Cased - Cased
Headrace tunnel - [ - 490mlong x 490m long X ~19mlongx | 250mloung X
Lt - 120mindiac | 12.0min dia 120mindia - | 12.0min dia
Surge tank - - 68m high x 68m high x° Nope - | *" Nome
S 1525mindia | - 15-25india . R SR
Penstock Jiner . [ . 2lanesx .- 2lanesx 2 lanes x 2 laues X
: ' " 520m long X © 610m long x . 840m long x 360m long x

. 7.4min dia - 7.4m 1o dia T4mio dia 7.4m in dia
Pressure rising - - |~ 68m (35%) 2m@3%) | 148m(77%) | 79m (40%)
Use of drvcrsron None 1 350mlong " Nome -7 None
'unncl ' P L
[ Related US$ ars | uss744 US$1058 | US$49.4
construction cost millien “million - million ~ millien

-~ As Shown' in this table, Case 1 'is the most cconomical one among the alternatives.
_ ‘Thcrefore the altcrnatrvc Case 1 the waterway wnth a surge lank ahgncd on the
- right bank was selccled S - : :

'- Altcmatlve study on the nght bank watcrway was further executed in lerms of the

powerhousc typc whlch is elther an open- air type or an underground type_

" Figure G2.4 represents these alternatwcs The waterway wrth the underground o
: powerhouse has an advantage of shorter penstock that is a major cost component _

. | compared with - the open -air’ powerhouse type, walerway However, the .
comparative study shows that cosl of the waterway ‘with the underground :.
Vpowerhousc is 1.3 llmes htgher than that with the open air powerhouse
" Therefore the waterway w1th the open-alr type powerhousc was choscn



(2) Waterway Component
Bm;ﬂmakc

The power intake was dCSlgnCd under the mﬂow vel()cny condmon of 1 0 m/s to
avoid intrusion of alr 'md trash mto lhc mtakc and !0 mlm'mzc the mhkc head
loss '

' Hgaslms;e_’[unngl

Optimum diameter of lhc headrace tunncl was ex1mmcd through comparison of
the sum of annualized construclion cost, maintcnance cost and encrgy loss for thc

~ alternative diameters ranging from 10.4 m (velocity of 6 m/s) to 17.9m (vel_ocny
~of 2m/s) for one lane option and from 7.4 m to 12.7m for two lanc option.
- Figure G2.5 illustrates results of the ccomparison, which shows the lowest cost for

the diameter of 12 m of one lane.  Thus, the diameter of the headrace tunnel was

| 'dccidcd 10 be 12 m as the optimilm for one lane. The vclocuy in: the headrace
~ tunnel of 12 m in diameter is C'llculalcd to be 4. 5 m/s o ' ‘

's;ugﬂank'

The surge lank was dcsngned app]ymg lhc restnctcd orlﬁcc lype whlch is

. 'gcnera]ly the most economical lypc The followmg are main features of lhe

surge tank desngned bascd on the surgmg calcu]allon resu]ts glven in F]gurc G2. 6

Onﬁccdlamcler o .7.1 n,‘f o
: Dmmeter of lower chambcr _15.0m
Diameter of upper chamber: - 25.0m

.- Up-surge level: .. EL. 5650 m R
. Down-surge level: - EL. 5032m
Penstock

. ‘Optlmum dlamclcr of the penstock was studlcd in !hc same manner as that for lhc '
_ hcadracc tunnel as ‘shown in Figure G2, 7. Two lane pcnstock was d051gned in

order to reduce the risk of damagc on the penslock ~The diameter allemalwes

. rangc bctween 6.8 m (velocity of 7.0 m!s) and 9.0 m (velocny of 4,0 mys). The

_ ophmlzallon sludy led to lhc ophmum dlamcler of 74 m wnh thc velocnly of _

S 60w

GzQz.ﬁ

,D_wa Czo Stiows plas and profile of the waterway,

Powcr Slallon

_Thc nverbcd gradlcnt of the Swat bclween lhe Munda Dam sile and thc exlslmg ' s o
Munda Headworks is approxlmalely 1/2 500 accordmg to lhe cross secllon survey <

results and waler surface is around 1/1 000 accordmg 10 the non unlform flow =

calculation result, . - Under these circumstances, | extensnon of waterway -

S G6




downstream js not considered realistic to attain more water head for hydropower
generation.  Location of the power station was, therefore, sclected just

- downstream of thc mam dam.

It is inappropriate to locate the spillway at the right b‘mk because of the existence

of decp gulllcs 1t is also difficult to locate the spillway and power station at the

left bank as the areas are so congeslcd For this rcason, the location of power
station was consldcrcd prcferablc to be at the nght bank.

Accordmg lo the dcvclopmenl scale optimization study, the installed capacny was
740 MW in total cons13[mg of four 185 MW umts

Ground k:val of the powcrhousc was decrded to be EL. 383 m consuicrmg lhc_
ﬂood water level of 10,000 years probablc flood and maximum water level of the
rc-rcgu]allon pond DWG. C11 shows detail of the powerhouse ' ' '

Outdoor open swntchyard 'md GIS were compared in terms of cconomy The

_outdoor open switchyard is cheaper by 20% lhan GIS Thcrcfore the ouldoor
_ opcn swntchyard was selcctcd :

. 'G'z.z.'?

Re- regulanon Wclr '

: 'Thc funclton of thc re-regulailon weir is to slorc water rcleased l'rom the power

slatlon during the peak generation for 4 hours a day, and lo reguhtc lhc river ﬂow '

' releasmg the slored walter conslantly downslrcam the welr

A possnblhly to use the cxlslmg Munda Hcadworks as the re—rcgulatlon weir was'

examined through | the, ficld reconnalssancc and review of the drawings collected.

1t was concludcd that an alternative fo use the Munda Headworks is technically,

cconom;cally and envnronmcnta]ly not fcasnblc and was dlscarded for further

~ scrutiny. Thc main reasons were: : : -
o a) Foundailon condition on which lhc Munda weir is found is nol known and no

“detailed drawmgs are available. However, according to rough assessment, the
. wedr would nol be tcclmlcally bearable for the he:ghlcnmg of 10 m, i.e. cannot
© be economically helghiened : ' -

: _5) ‘Durlng re-modelmg of the. wcn togcther wnh ncw m{akcs of LSC and Doaba

. canal, 11 cannot be guarantced to secure lhe constant supply of 1rr1gallon watcr _
becausc of its complexity. ' SR '

¢ Qu1le a number of pcoplc sciiled and unsctllcd w1]l be subjcct fo submergence '

'__hcnce to be rcscliled to lhe other Iocallons

. _'QI'The besl locallon of re-rcgulahon welr 1s dlvcusscd bcmdc lhc Munda Headworks

as follows

e V’I‘he sloragc volumc requlred for lhe re—regulahon welr is calculatcd to bc
- 'ﬂpproxm}alcly 7 mllhon m’ based on 4 hours of pcak opcrallon m a day Thc



following two weir sites were identified beside the existing Munda Headworks
through the field reconnaissancc: ' '

Sitc A: 3.5 km downstream from thc proposed Munda Dam axis.
Site B: 4.3 km downstrcam from the proposcd Munda Dam axis.

For thcse two sites the comp'lratlve study was carricd oul. T hcse sites are shown
in Figurc G2.38. The location of the existing Munda chdworks is also
- reprcscntcd in the fi igure as Site C for reference. Accordmg to the comparative
study, the rcspectwe sites havc the tollowmg features (site C for referencc)

* Features of Ré-regulation Weir at SltcsA B and C

Site A _ Site B3 SiteC
Maximum water lev‘c] (B m) 3818 - 3144 3717 -
Maximum rescrvoir area (km’) 0.70 0.96 1.13
Crest length (m) - 310 - 400 970
Weir hc;ght (m) 225 15.0 U : 12.5

. Slte B wrll submcrge thc cxrstmg wllagcs and w1|l mducc scrlous cnv1ronmental _

|ssucs T hcrcfore the Site Awas se]ccled as the re-rcgulatlon weir srtc

T he re-rcgulatron weir will functlon to rcgulate the peak power dsscharge durmg L
the normal condition and release floods safely at the flood condmon T_he design

' _dlschargc for the rc-rcgulatron weir was dec1dcd as follows

. 1) Releascd dlschargc ::' 81 m"’/s (- dlscharge/sec of 4-hour pcak dlSCh’ll’gC)
2) Flood dlscharge 4 2,20mYs (= 200 years probablc flood outﬂow)

o Thc mfmmum water lcvcl in thc normal condmon and ﬂood water lcvel were
. cstlmatcd tobe EL. 381 8 m and EL. 372.2 m, rcspcclwcly ' '

Thc re-regulatlon weir was constdercd to be cqurppcd with a numbcr of galcs. |

During the normal condmon several gates will be opcncd to release the stored
water constant]y downstream. When floods occur, the other gatcs will also be
- opcratcd dcpendmg on thc magmtudc of the floods :

'I’wo altcrnattvcs of lhc rc-regulatlon wclr wcrc compared onc was a curtam wall

~type with radn] g,atcs and the another was a full radial gatc typc as prcsentcd in

Flgurc G2 9. Cost companson rcvcalcd that ‘the full gate type is around 20% '
E morc cxpcnsrve in construction cost over thc curtam w1ll type Thcrcforc the =

curtam wall typc was sclcctcd

;[‘ 1gurc G2 10 shows rcsult of the optimuauon study for lhc numbcr of gates for

the re- regulatlon weir. Thc t' igure concluded the optlmum gatc numbcr of 7 R
The wrdth and height of the gate are 8. Om 1nd 11 7 m, rcspcctlvcly DWG. e -

_ glves thc detall of thc re- rcgulalron we1r

'Smcc watcr lcvcl of thc re- rcgulatton welr ﬂuctuatcs 17 m cvcry day, a parucular 77

- cautron for dtssemmatlon of the pcoplc and/or thmr cvacuahon should be takcn

o8
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