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CHAPTER 6 FLOOD CONTROL STUDY

 Mecthodology of Flood Benelit Estimate

" The Swat River, a tributary q'f the Kabul Rivér in the Indus basi.r-l, afier the
- Munda Headworks, bifurcates and ﬂoxi.is down as the Abezai and K_hiali Rivers.

These bralichcs_rcjoiri at the confluence point near Charsadda about 20 km
upstrcam of Nowshera and fall into the Kabul River. The Kabul River then joins
the Indus at Attock. A number of tributarics join the Indus River downstream

Attock before it emptics into the Arabian Sea.

The assessment of the flood behcfils fobussed on the reach from the dam site,

virtually lhc Munda Hcadworks in the Khiali River 1o Nowshcra in Ihc Kabul

River. Additional benefits may be expccled in the reach downstream of Attock
in the Indus Rlver but quanilﬁcauon of such benefits is extremely uncertain due

_ to the cumuiahvc 1mpacts of flows from other tributaries which j Jom the Indus
River. . Thus, the estimates of ﬂood bcncF ts dcnvcd at this ume are consxdered '

_on the conservahvc 31dc

. Asscssmeni of ﬂood beneflls was carned out as shown ina ﬂow chart below.

Es!ab!ish Flood Damage Factors -
Flood Routin lying Constant | = o Prepare Relationshi Berween
. Rate - C% A&%lw()l%lﬂow : L ' - Flood Discharge alr)\d Flood .
* Discharging Ru!e ) Coe - Damage
- Delernine Flood Outflow for . o Damage Values for Floods of '
Various Probable Flood Inflows o ~ | Return Period for With and Without
. and Flood Control Spaces - . e .  Proiecis

Calculate Probability of Exoéedmg
> based on Damage Values of Various
' ~ Probable Floods L

Ca!cu]ate Annual AVerage Flood
© . Damage

- l_: i

" Differénce of Annual Average
Flood Damages between Those for
Wlh and Without Projects = Flood

J oo 7 -Damage - .

Figure 6.1 -~ Methodology of Flood Benefit Estimate
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6.2.3

Historical Flood Damages
Flood Damage Invesligation

The field investigation lnc!udmg interviews with local peoplc about flood
damage was carried out at 60 points over the Swat/Kabul Rlver flood p]am area
downstream of the Munda Headworks and between Wfrrsqk Dam and Nowshera.

_ 'Accordmg to the flcid mvcsllgauon rcsulls, the Jower Swat River rcach
"downstrcam of the Munda Headworks is flooded causing damage twice to four

times cvery year ‘during the rainy scason from June to September.  The
mundalron area covers not onlv the areas flooded by the Swat River itsclf but _-
also _lhosc ﬂooded from civil canals whlch_arc running parallel with and affected

by the Swat, Kabul Rivers, and its Iributaries. According o the old residents, the

inundation caused by the 1929 flood was the largesl ever experrenced in about

~ the pasl 100 ycars in lcrms of flood magmtude mundauon area, and duration,

Hrslorrcal Floods

Recorded maximum ﬂood peak is 4,500 m’/s (159 000 cusec) in 1929 at the _
’Vlunda Headworks as observed by Imgatlon Department (ID) of NWFP. ~ The
sceond maxlmum peak dlscharge is 2,413 m’/s (85, 280 cusec) on July 25, 1995
as recorded by ID. The lh]Id one is 2, 158 m’/s (76, 250 cusec) on July 15 1988 ‘

| Rrver runoft observalron was made at lhc Munda Headworks by readmg staft

gauges and the measured water stages were converted to dlscharges app]ymg _ i
slage-discharge reialronshlp As descnbcd in Sccnon 3.3, the dlscharge data

" recorded at the Headworks during low flow season were concluded to be

unrclrablc Howevcr in view that the gates would be fu]ly opcned during the
hwh ﬂood the records at hrgh floods could be morc reliable to some extent.
Since there is no other data or way to estimate more reliably than the records at
the Munda Hcadworks the flood control sludles stated bclow are based on lhe

' dlscharge records al the Munda Hcadworks o

lnunda{ron Area Deplh and Duralron '

A ﬂood 1nundatron area map was drawn for lhe ﬂoods whlch occurred in 1929

1988, 1995 and nornal year on the basrs of mtervrews wnh lhe resrdems ﬂood. s
: "marks survey, and avaliable 1:50, 000 scale topographrc maps and shown in

Figure 6.2.1 which covers the slretch downslream of the Munda Hcadworks and_ :
between the Warsak Dam and \Iowshera T :
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The area of the inundation for the floods of 1929, 1988 and 1995 as well as that

~ for the normal year was estimated on the basis of Figure 6.2.1 and is as follows:

Estimated Inundation Area (km®)

Historical Medium class Low class
River ~Stretch flood flood '
' ' (1929/8/28) | (ex.1995/7/25) | (Normal year)
. From Munda H/WY to '
Swat Swat-Kabul confluence 18875 95.75 B 751.50
| Swat/ Kabul | Total inundation area 69775 448.25 244.25

Figure 6.2. 2.is the discharge - inundation area curve showing the relationships
between the flood peak discharge and the direct flood inundation area of the

N Swat River alone excluding the areas al’f‘ected by the floods of tnbutarres

Accordrng to the results of ﬁeld 1nvestrgatron the agncultural land along the
Swat and Kabul Rrvers where the main crop. is sugarcane, is affected by floods

" occurring twice to four trmes a year and with an inundation depth of 0.310 1.0m
~‘and a duration of - 1 to 3 days. However, such floods only affected a small
“number ofhouses I S RS 2

) At the tlme of the 1988 and 1995 ﬂoods the mundatron depth was 0.5 to 2 0m
. _"wrth a duration of 4 days. A lot of vrllagers houses made of mud walls
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 collapsed. . The inundation duration of the 1929 flood was about one week.

Bank Frosron and Meandermg

" Topography downstream of the exrstlng Munda Headworks forms an alluvral fan, o

where the rrverbed slope abruptly becomes gentler. Thereby, sand bars are

© formed and bank erosrons occur at bends in the rrver course downstream of the
: Headworks :

. ID of NWFP isina pOSltlon to take actions such as bank protectron and spur :
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dike construction in order to stabilize the river course and protect the banks from

'_ erosion. Frgure 6.23 indicates locatrons of bank protectron works planned and
' completed under the Flood Protectron Sector Pl’OjeC(S N '

Govemmental Compensatron for Flood Damage 8

No relrable record nor data wrth regard to the ﬂood damage in the past were
obtaisied. Among the data oollected the only mdrcatrve data are district-wise

" "l-;”detarls of losses and damages due to ﬂoods and heavy rains obtained from

: Provmoral Rehef Commrssroner Summarres for Charsadda and Nowshera

o drstrrcts whrch are relevant to the Khiah (Swat) and Kabul Rrvers are as follows
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. Totak CompensationAmount (RS.) o

Year . Charsadda District - Nowshera District

1995 | 4,551,700 861,000

1996 1,760,500 . -
| To1991 " 592,000 : 1,508,000

~ Effcct of Swat River Idood on 'Kabul River

In order to know the arca of flood controf effect by the Munda Dam, the flood

' hydrographs mcasurcd at Nowshera, Chakdara Munda Headworks and Warsak
T were categonzed into the followmg three patterns and frcquency of occurrence

of lhese palterns was cxammed

_Type~A I'lood Events in the Swal River measured al Chakdara and Munda |

- HIW and in lhe Kabul Rlver measured af Warsak bolh of which
: ._occurred at the same time - -

-Typ-'e-B:_ Flood Events in the Kabul River mcasured at Warsak whleh occurred

_ only in the Kabul River (No floods measured at Chakdara and Munda)

i Typ‘e:C: Flood Events in the Swat River measured at Chakdara and Munda

H/W whrch occurrcd only in the Swal Rrver (No ﬂoods measured at
. Warsak) '
| nypec |

™ MWersak ro. o™ Wk D= T . v n Warsk
Muada ~—**“_“./\~~—---rsiums;-. - ' ' Muoda .
> : .

. Time ; : R .- Tme . - Time
' 1<1gure63l FloodPatiems . '

I?_ .Thc exammatron was made based on lhe dally runoff hydrographs belween 1964 .

L and 1995 at four gauges and all ma_;or peak floods ovcr 3, 2(}0 m /s measured at

- Nowshera, which is equnvalent to a 2-year return flood. Durmg the period 3
. examrncd 28 floods occurred exceedmg 3200 m’/s in total. Of these, lhree:_
- floods were categon?ed as Type-A, whrch happcned at lhe Swat Rwer and
affecled the Kabul Rrvcr, correspondmg to 11% of the total. 'I‘wcnty ﬂoods (70% R "

of the tolal) were categorued as 'I‘ype-B whcre the’ ﬂoods occurred in the Kabui

‘ .'Rlver only. On ihe olher hand, ’[‘ype-C (ﬂoods in the Swat Rwer alone) : B
.accounled for ﬁvc ﬂoods correspondlng to 18% ' AR '
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" Thus, 29 - 30% of the major floods which occurred at Nowshera, arc somchow

relevant 1o the Swa_t River.

Flood Damage Estimation Area

The flood damage estimation area was delineated to include the arca inundated _
due to Swat floods in the Swat River, that affected by backwater of the Swat
ﬂoods in the K‘tbul River, and that between the confluence of the Swat and the
Kabui Rivers and Nowshera. In order to know the backwater effect of Swat
floods in the Kabul River 1t is desirable to conduct flood plain analysis by

| developmg a mathematrcal simulation model of mundairon However, there are
_ilno input data such as detalled topographlc maps and river sections except -
- 1:50, 000 scale topographrc maps for the 1nundat1on areas and hence, it requrres
i many assumptrons on the offered data. For these reasons it was dccided not to

carry out the flood plam analysrs In the present Study, the ﬂood damage

* estimation area was ‘decided on the basis of 1 50, 00(] scale Iopograph1e maps and_
- _flcld mveslrgatron results o ' '

_' - The mundatron areas experlenced in 1929 1995 and normal ycar were dwrded '
“ into the four areas in terms of mﬂuence of the Swat and Kabul ﬂoods i.c. Area

A from Munda HIW to Swat Kabul eonﬂuence in the Swat Rrver Areas B1 from
Warsak Dam to baekwater cend’ of Swat ﬂood ‘B2 from’ backwatcr end of Swat '

- flood to Swat Kabul conﬂuence and C from Swat-Kabul conﬂuence to '
' Nowshera in the Kabul Rrver The resuIt of lhe division is shown in Flgure 64.1.

In thrs ﬂood control sludy, Area A, Area BZ and Area C were ehosen as the

flood damage estlrnatron area Thrs covers the areas of ﬂood control clfect of
the Munda Dam Area Bl was not included in thc flood damage estrma(ron '

o area because inundation of this arca resulls from the Kabul floods only The
ﬂood damage in Areas A, B2 and C was . est1mated under the followm;, ‘
: condltlons Sy ' B

: .l) 100% of ﬂood damage is computed in Area A, smce lhe mundalron m Area A o

s caused by the Swai floods only

2) Arcas. B2 and C are 1nundated by either of or both of the ﬂoods of Swal and
B Kabul Rivers. Thrrly percent of the Swat ﬂoods were known to contrlbute to

the ﬂoods al NoWShera as described 1n Sectron 6. 3 An exammahon of the

= i'ﬂoods al the Swat River between 1988 and 1995 m conneelton w1th those at

the Warsak Dam revealed that the Swat ﬂoods would contrrbute halt of ﬂoods

o m VO]ume that happened at Nowshera Conscquently, 15%(_30% x 50%) of . |
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' damage

the flood dmmgc in Arcas B2 and C was takcn as the base of the flood
' control effect of Munda Dam. ' -
3) At Nowshera in Arca C, the majonty of river banks is of flood plain owned
by the government and flood damage was considered marginal. -

~ Flood Damage Factors

" Flood damage factors arc unit damage cost in Rupces per square kilometers

flooded for cach clasmficd land use of the damage caused by a flood. Flood

~ damages  principally comprise damage to agrlcultural_ crops, housrng,

infrastructure, and other facilities. The flood damage factors werc estimated

 based on agricullural crops damage factors, private hoUsing dar‘nage faclors, road "

damage factors, other drrect damage i‘aetors and 1ndrrect damagc factors as

- explamed in Appendlx E

: The estimated ﬂood damage factors per square kllometcr for each land use

catcgones for crops, prwate houses roads other direct and 1nd|rect damages are _'

__ summarlzed in Table 6.5. I

: Flood Damages

_‘ The total potentlal losses can be estrmaled by app]ymg the ﬂood damage factors
 for each classr[‘ ed land use to the’ area 1nundated under “wrth" and ‘%vrthout” the _
' .conslrucuon of lhe Munda Dam, ' ' ' '

.’For eslimation of flood damages the recent land use elassr[“ catlon data were
plotted on a 1:50,000 scale map and represcntcd as 500 m X 500 m mesh dataas
-~ shown in Plgure 6. 6.1. ' ' '

- The 1nundated arcas of the “1929 ﬂood” “1995 ﬂood” and “norma] ycar ﬂood”_ _- B
. were plotted in 500 m x 500 m mesh map Inundanon areas due to respectlve "

Swat floods and Kabul ﬂoods as well as the arca aftected by both ﬂoods are

: 1llustrated m P;gure 6 4 1.

The mundatlon areas for each classrfied land use are calculatecl on the basns of B
- the 500 m square mesh data for the respective Areas A, Band C. The total ﬂood
" damage costs for Areas A, B1, BZ and C are summanZed in 'I‘abIe 6. 6 1. .

The ﬂood damages assocrated Wrth the specrf" c ﬂood peak dlscharges were :

: plotted on Flgurc 6. 6 2, to obtam re]atlonshlp between ﬂood peak drscharge and i
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Ilood Routing
Rule of Flood Regulation

Reservoir operation study and flood routing in the Munda reservoir were made
by applying a constant ratc-constant outflow discharging rule against the flood
inflow hydrographs as shown in the following figure. ~'The rule is to first sclect
an inflow (Qa) for starting gate opera!ion to release the discharge at a constant
rate until it reaches a peak discharge (Qp), and then to release a constant

- discharge (Qp’) thereafter.

Qp
' Slbragc S
g N
) _ . ‘
B R Qout
- Q
_ _ 7 Time
Figuf: 671  Constant Rﬁ(e ~ Constant Outflow Rule

' .'The constani ralc-const'ml outflow rule is known to bc efteclwc even for

672 .

: medmm to low floods and floods ‘where no river unprovcmcnt works are -

1mplementcd at downslrcam reach

For morc eifechve ﬂood rcgulauon the mtroducnon of a ﬂood forccastmg
systcm is to be made. - The flood forecashng system will measure rainfall and

discharge with use of telemetcrmg system set up in the upsiream calchmem arca
_ '. and pred:ct flood inflow into the reservoir. - Federal Flood Gommlssmn has
~some cxperlcncc of mtroducmg the 1elemetermg system in Pakistan with the
ﬁnanmal assistance of ADB. : It is recommended that the possﬁnhly of usinga
: _telemelermg systcm ln the Swal basm be studled in fulure

F]ood Frcquency Curvc E

: On the basm of ihc rcsu]ls of probab]e ﬂood analyms for sclccted relurn pcnods
'0f1 52, s, 10 20 25 50 100 200, 500 1,000, and 10,000 years, the ﬂood

.'6-7__ '_: o
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frequency curve for the Munda Dam site was developed as shown in Figure

'6.7.2. |

Flood Control Space

In order to find the optlmum ﬂood conlrol space in lhe reservoir, clcvcn
alternative flood control spaces varying from 0 to 300 million m® were

compared

The flood outﬂows aftcr flood roulmg were thcn “caleulated by applymg the
conslnnl rate- constanl oulflow rule against respective probablc flood inflows and

-~ cleven alicrnative flood control spaces. Accordmg to the rcsulis the flood pc1k

mﬂows are reduccd ot mmgatcd dependmg on the flood control spaces. For
examp]c mmgat:on offects agalnst a 200 -ycar probable flood of 5 ,120 m3/scc
are summarucd below: -

C L 200 )ear Probab]e l"lood and Peak Oulﬂow
Flood Control Peak Quiftow - | Reduced Discharge

- Spaces . R . from Peak Inflow - _Rcm:.u-ks (Equivalent
C10°mY)  (u¥seq) T s . Probable Flood)
AN ) IR : 5,720 ' 0 | . NoEffect
e I 5,650 .70 B 180 year retuma flood
100 . 5110 ¢ o} . . 550 120 year return flood
200 Y - 4,780 : . 940 3 70 year return flood -
.8 . ] 3,760 o L9600 " 27 year retum flood
R 3,050 . 2,670 - " 14 year return flood
100 2,420 oo 3,300 0 71 7 year teturn flood
150 | 3470 | C 4250 | 3.5 year setuin flood
200 - .. 930 - 479 - | 1.9year return flood
250 &0 | - 5050 ' -
300 4100 : 5'250

From lhe above, 1t is seen that wnh a ﬂood conlrol space of 1{)0 m|lllon m’, lhe |
: 200 year probablc ﬂood is reduced by 3, 300 m’/sec and miugated uptoa lcvel '

o _ of a7 year retum ﬂood almost equwalent to !he 1995 ﬂood
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Flood conlrol bencﬁls w1ll be: derived from the reductlon of mﬂow dlschargc
loward downstream reach S T -

Averagc Annual Flood Damagc '

Usmg lhe lmcar rclahonshlp betwecn ﬂood damage and ﬂood pcak mﬂows as

- shown m Flgure 6.6.2, the annual average ﬂood damage cosls for dlfferent ﬂood

 “conlrol spaces and probable ﬂood peak mﬂows of dlfferenl return penods were

g calculatcd 'I‘ables 6. 7 1 and 6 72 show as the cxamplc, calculauon resu](s for_k _
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“Without Project” and those for a flood control space of 1 million m® “With
Project”.

Flood Conirol Benelits

The flood control benefits are attained as the reduction of average annual flood
damages expressed as difterence of mmual average damages between with and
without the Project. Figurc 6.8.1 shows the relationship belwccn the flood

conlrol beneﬁts ‘and control spaces.

According 10 Flgure 6.8.1, optimum flood control spacc may fall within a range
between 75 million and 100 mllllon m Increment of thc benefit is marginal
even if the conlrol space is set al more than 100 million m® and hence 1t was

. concludcd 1hat a flood control space of 100 million m® be taken.

The largcr ﬂood conlrol space may prowde with more flexible opcrallon for the
flood control. In case 100 million m*of space is prowdcd bclow FSL. it would
result in the rcducllon of 0.4% of annml energy productlon being equal {o
Us$0.6 mlllion annual reduction whlle it causmg the helghtemng of the splllway

: gatc by some 4.4 m of which the annual cost is US$0.2 million in case that the

flood control space is to bc provxdcd above FSL. Smce the dam is dcmgncd on

- the basis of the normal reservoir water Icvel (m this case, FSL) against the
~ Probable Max1mum Flood as explamed in Chaplcr 3,itis considered approprlatc_ '
1o allocate thc ﬂood conirol spacc abovc FSL. . :
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CHAPTER 7 ' PLAN FORMULATION OF MULTIPURPOSE DAM

Concept of Plan For mulatton

The development concept of the Project is of multrpurpose, combmmg power
generation, irrigation and flood control. lnvestrgatlon results on the present
situation in these sectors and studies of the development plans are discussed in
the preceding Chapters 4, 5 and 6, respeclively. The development plans
presented in these Chapters for the respective sectors are as follows:

1) In the government s power policy, the priority is given to hydropower
development to utilize indigenous sources of energy. - The Munda power
station is planned with the commissioning date of earliy 2010s to cope with
the growing deman'ds according to the GOP development program. Peak
power generatlon is expected for the Munda power station so that a merit of

| the hydropower generatlon respondmg nnmedlately to the demand is fully
attamed ' :

- 2) - The new lmgatlon scheme extencls in both nverbank srdes of the Swat

ijer The planned CCA is 4,066 ha for the left bank area and 2, 043 ha
' for the right bank area. A tunnel system was selected as the feeder system
_ at the leﬁ bank, whlle a lrﬂmg system wrth pumps at the right bank Some
_ deﬁcrts of 1rrrgatron water supply in LSC were found, whrch are to be
) supplemented by the Munda Dam. The water supply of 8.49 m’/s to the
" civil canal lS also required. :

g 3) CAn optnmum ﬂood control space was decrded to be 100 mrllron m’ through -

lcomparatrve study of the space alternatives and therr beneﬁts The space
"is allocated above TSL B

;’lakmg mto aceount thereof the optrmum development scale was formulated '

through the followmg three phases of optrmrzauon process: -

o Phase 1 - development of altematrves concelved based on magmtude of mﬂow o
' and storage capacity, water requrrements for power generauon and L

lnlgatlon requn'ed flood control space, and requlrements of re- N
. regulatlon weir 1ncludmg optrons of 1mprovement of the exrstmg
Munda Headworks B : S e

- Phase 2_- ompanson of alternatrves and selection of optimum scale through

- simulation made by reservorr operatron srmulatlon model and
’ :‘_"optrmrzatlon and '
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* Phase 3 - scheduling  of the optimum - poWer development timing in

consideration of power demand forecast and other power development
programs in hand within the natronal power system.

The followmg are detailed descriptions of the study and results on the

development scheme_optlmrzatton conducted in this feasibility study stage.

Development'Schenle Optimization
'Development Scale Alternatrves

~The optrmum development scale alternahve is the one wlneh produces maxtmum

net beneﬁt in the economlc indices after estimation of overall benefits of power

- generatron lrngatron and flood control through the reservoir operatlon
: slmulatlon Study wo : L

" Dam srte altematlves were studred durmg the ﬁrst home office work stage in
July 1998 and the results are descrrbed in Appendrx G 'Ihe energy costs of

three upstream dam srtes as well as the proposed Munda Dam sile were

'_'examlned and compared and 1t was concluded that the Munda site s

economtcally most preferable among the alternatrves In the subsequent second

field mvestrgatlon stage in October 1998 ﬂeld reconnalssance was made for the
- upstream dam sites, which confirmed the appropnateness of the Munda Dam site
g m terms of topography and geology ' ‘ '

‘ _The posstble maximum reservorr full supply level (FSL) was determmed to be - '7
- EL. 580 m from envrronmental aspects, which does not cause wide submergence
: of the settled ¢ area in the upstream end of the reservoir area based on the 1:10,000

scale map, as well as topographre hmrt at the Munda dam srte where a saddle
dam may be requrred t‘or the hrgher elevatrons '

Sedlment level in the reservoir was assumed for each development scale
altematrve based on the estlmated volume of accumulated sedrment up to 1007

o years after tmpoundrng The details of the sedlment volume estlmates is
. presented in Sectlon 3 3 Hydrology ' ' '

: 'Lowest mmrmum operatmg level (MOL) of the reservorr was set takmg |nto'

P account the sedtment level and an enough water depth above the power mtake

sill, which i is equrvalent to about twrce the poWer tunnel drameter to prevent

. intake of water from air entrapment through turbulence and vortex

in selecttng development scale alternattves all the issues mentloned above were -

- taken into account, The followmg is a hst of the development scale alternatrves .

selected for comparrson

,-7._.2 |




Development Scale Alternatives .

565-550

Cedo- -

EL.550m |

"'.dO‘ ]

~-do-

© -do-

No: Case ESL -': MOL SE&T:IM Dam Crest | - I::'?;!lll. Féi?:}::: |
, 505-487 | EL.505m | EL.487m | EL.470m | EL.514m 164 m 213 mil m®
() | 505-490 -do- EL. 490 m -do- - -do- - do - 171 mil m?
505-495 -do- EL. 495 m -do - -do- -do- 120 mil m?
510-488 | EL.510m | EL.488m | EL.470m | EL.519m 169 m 260 mil m®
2 | 510-495 -do- EL.495m -do - -do - -do- 188 mil m’
: 510-500 -do- EL. 500 m -do - -do- -do- 137 mit m*
, 515-490 EL.515m | EL.490m | EL. 471 m EL .524 m 174 m 308 mil m®
3y | 515495 -do- EL.495m | -do- -do- -do- 257 mil m?*
515-305 - do - EL. 505 m - ado- -do- - do - 137 mil m®
. 520491 | EL.520m | EL.491m | EL.471m | EL.529m 179 m 366 mil m’
(4) | 520-500 ~do- EL. 500 m -do- | -do- -do- 273 mil m*
| s520-510 -do- | EL.510m -do- -do- - -do- - 137 miil m?
525-493 | EL.525m | EL.493m | EL.472m | EL.534m 184 m - 433 mit
(3) | 525-505 -do- EL. 505 m -do- | -do- -do- - | 293 milm’
| 525515 | . -do- | EL.S515m | " -do- -do- ado- | 156 mil m?
_ 530494 EL.530m | BL.494m- | EL.473m | EL.539m 189 m 521 mil m*
) | 530-505 - do - EL.505m | - -do- -do- -do- 381 mil m’
530-520 -do- EL.520m | -do- | -do- -do- 176 mil m*
: 535-495 | EL.535m | EL.495m | EL. 473m | EL.544m { - 194m 589 mil m’*
(M | 535-510 | ° -do- | EL.510m -do- “ado- | - -do- | 40l milm’
535-525 -do - EL. 525 m -do- -do- -do- 176 mil m*
T 540496 | EL.540m | EL.49%m | EL.473m | EL.549m | 199m 667 mil m*
(8) | 540-500 -do- - { EL.500m | = -do- -do- - -do- 625 mil m?
540-515 | . -do- EL.515m -do- . | -do- edo- | 420milm?
540-530 | - -do- EL.530m | = -do- -do- | -do- 1  176milm’
- | 545-497 | EL.545m | EL.497m | EL. 474m | EL.553m 203m° | 72miln’
9 { 545505 |  -do- | EL.505m |  -do- ado- ) o -do- | 672milm’
545520 | -do- - EL.520m | -do- . | . -do- -do- [ 467 milm’
545-535 o .do- | BL.535m | -do-" | -do- - -do- ] 203 mil m?
17550499 | EL.550m | EL.499m | EL.474m | EL.558m | 208m - 866 mil m’
(10) 1 -550-510 | -do- | EL.S10m -do- ado- «do- 719 mil m?
550-525 | -do- | EL.525m | -do- ° -do - ado- 495 mil
550540 | -do- | EL.540m -do- - -do- " -do- - 231 mil m’
7] 555493 | EL.555m | EL.493m | BEL.474m | EL.563m 213 m 1,043 mit m*
anp | 555510 | -do- | EL.SIOm | - -do- | - -do- | -do- - | 834milm
555-515 | - -do- | EL.515m | -do- - -do- -do- | 766 mil m*
555-530 | - -do- | EL.S30m | -do- -do- | -do- -} 522milm’
555-545. | o =do- | EL.548m | to-do- v | -do-" | oo -do- 231 mil m?
| 560494 | EL.560m | EL.494m | EL.475m | EL.568m | = 218m 1,148 mil m*
(12) | 560-510 | -do- | BL.5SIOm | -do- | - -do- -do- 950 mil m’
. $60-530 | ¢ -do~ - | BL.530m | -do- | “-do- edo- | 637 milm®
560550 | . -do- | BL:550m | -do- .| -do- ~do- © 231 mil 0¥
oo | 565494 | EL.565m | EL.494m | EL.475m | EL.573m | - 223m 1,296 mil m*
(13) | 565-510 | <do- | EL.SIom | © -do- | “-do- .. |. -do- . [ L108milm’
oo | 565530 | -do- - | EL.530m-{ " -de- .| - -do-. | -do- 795 mil m®
' 389 mil m?




No. Case FSL MOL Sc&':;‘;m Pam Crest 112 ?g;“ Ilé?::;g: ;
' 570-495 EL . 570m | EL.495m | EL.475m | EL.577m 27m | 1L455milm®
(14) | 570-515 -do- EL. 515 m -do- ~ -do- -do- 1,198 mil m’
| 570-535 -do - EL.535m -do- -do- © -do- 866 mil n?’
570-555 -do- EL. 555 m -do- -do- - -do- © 432 mil m?
575-497 | EL.575m | EL.497m | EL.475m | EL.582m 232 m 1,592 milm’
(15) | 575-515 | -do- | EL.515m -do - “-do- -do- | 1,356 mil m*
575-535 -do- | EL.535m -do- -do- . -do- 1,024 nil m?
575-555 | - -do- EL.$55m -do- . | -do- -do - 590 mit m*
o f 580-497 | EL.580m | EL. 497m ; EL.475m | EL 587 m 237m 1,751 mil m’
(16) | 580-520 -do- | EL.520m | -do- +do- - | -do- 1,446 mil m®
-} 580-540 -do- - | EL.540m -do- | -do- S =do- | 1,094 mitm’
580-560 -do- - | EL.560m | = -do- - do - -do- - | 633 milm’

ESL |, Full supply level
MOL - Mnnunum operatmg le\el

In the altemat:ves 16 dam helghts where FSL ranges from EL. 505 m to EL
580 m with an interval of 5 m, were considered. Each alternative is represented |
by a figure of FSL, e. 8 the alternative 505 or a combination of FSL and MOL,
- e.g. the altematnve 505-487.  Table 7. 2.1 shows detailed features of the
'respechve development scale altemahves C '

The ﬂood control space. of 100 mllllon m’ was conSIdered to be provnded above
FSL as was discussed in Chapter 6. This prov1s:on allows the power and 7
E tr_ngatlon sectors to utilize the entire space of t_he reservoir between FSL and - R %

722 Reservonr Gperatlon Stmulatton

In order to celect the’ optlmum development scale among the altematlves
presented in the precedmg sectlon a srmulatlon model was developed and the
©reservoir operatlon of each altematlve was 51mulated '

) Condltlons for the snmulatlon are 1tem|zed as follows

1) Data to be mput into the model 3uch as mﬂow evaporatlon and water: o
' requlred for power generation and irrigation are on a monthly basis. In the
sunulauon model, all the input data and calculahon results such as stored"-
' volume and sptll out dlscharge are represented by monthly volume R

'2) 'Installed capacny was determmed on the bas;s of the rated head and__
- maxlmum plant dlscharge " The rated head was taken as 96 % of gross- .
head derived by subtractmg tail water level at the maximum plant dlscharge_ P
from a reservoir water surface level between FSL and MOL i.e. two- thirds o
~of drawdown between FSL and MOL The maxnmum plant dlscharge 1s_ S
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3).

the disoharge available for a minimum 4 hours per day throughout a year at
a dependability of 95 % under the selected FSL. and MOL conditions.

Minimum plant discharge is 50 % of the maximum plant discharge for one

. unit of turbine.

4) Plant dlscharge to be used for power generanon is sct as follows:

Scﬂmg of Plant Drscharge

~_Total Plant Discharge, Vout (million m®) Spill-out
Discharge for Peak | Discharge for Off-peak | : (million m’)

Vin >

L _ _ Vevan 5 . | {81+Vin-Vevap-
{Vmax+Vm1n) Vimax i Vin-Vovap- Vitr-Vimax VYout)-Smax
Vin < Vmax or - : 0 0

{Vmax + Vmin) | S14+Vin-Vevap-Smin

- Where,

Vin Monthly lnﬂow Vi olume (mllhon m) .

. Yma‘:k Monthly discharge volume for peak power generanon (nulllon m’)

Vmin ; Monthly discharge volume for off-peak generation (million m*)

< Vout : Total monthly drschargc volume for generation (million m?)

Vevap : Monthly evaporation volume (miltion m?)

Vit 2 Monthly 1rngahon water volume (million m 3

st Rcscrvorr storage volume at the beginning of month (nulllon m )
Smax : Maximum reservoir storage volume at FSL (millionm?®)

-+ Smin : Minimum reservoir storage volu_me at MOL (miltion m?)

.. This discharge releaae rule was decided to achieve poesible maximum

: power generatlon under the condmons to meet the downstream
requrrements for lrngatlon and other water supply and to mlmmlze the -

- 'splll out volume

S 5)
. s applted for _estlmattng the head for power generation. - While the higher
" value between tailwater level and two-thirds of maxirn_um depth of the re-

" regulatlon pond is used for estlmatron of the head

An average of reserv01r water levels at the begmnmg and end of the month '

_ Outlme of the developed srmulatlon model and flow chart of the snmulatlon are :
L lllustrated m Flgure 7 2. l :

Data Input to Reservonr Operatlon Srmulatlon Model

Data to be mput to the reservoir operatlon stmulanon model are mﬂow
) drscharges at the Munda Dam srte evaporatton water level- reservorr surface

B area—storage \folume relatlonshrps of the Munda reservoir and re-regulatlon weir,

; _lrrrgatlon and other water supply requrrement peak operatron hour, combmed

o “efficiency of generator and turbine and tailwater rating curve.

s




(1) Inflow at Munda Dam Site -

"The inflow was estimated through hydrological ana_lysis incorporating water
intake volume planned to be tapped at Upper Swat, upstream reaches of the dam
site in the future. The estimated monthly inﬂow covers 42 years from 1956 to
- 1997. The estimated annual average inflow is 206 m’/s ranging from 30 m¥s in
. January to 623 m¥s in July. 'Ihe detait of the mﬂow estimates is given in

o Sect10113 3.

Water year was mtroduced to the smtulatlons that is the snmulanon starts from

- the begmnmg of October which is the start of the dry season.

| '(2) Evaporatton

The reservoir evaporation rate used for the smlulatlons was assumed by.
. multlplymg by 0.7 the monthly pan evaporatton records observed at Peshawar
- from 1966 to 1997. The factor of 0.7 i is known as the pan coel’ﬁerent developed

by research in the Unlted States and commonly used to denve the reservoir

' 'evaporallon rate from evaporatron records of class A pan. 'lhe estimated :
- annual average of reservo1r evaporatlon rate is 1, 1‘72mm The detail of the pan
- evaporatlon data at Peshawar is presented in Appendlx C Hydrology

. (3) Water Level—Reservorr Surface Area— Storage Volume Relatronshtp

' f_ -"The water level - reservo:r surface area - storage volume curve of the Munda
reservorr was developed as shown in Flgure 7. 22 by using the 1:10,000 scale '_ :
maps. The curves for the altematlve re- regulatlon weirs, which are located at3.s5 -

“km, 4.3 km, and 5. o km (exlstmg Munda Headworks snte) downstream from the
Munda Dam axis, respectlvely, were also obtamed based on the same maps as'
above - ' N '

'. (4) Irrlgatlon and Other Water Supply Requlrement

: Downstream lrrtgatton and other water requrrements constst of ) supply for the BN

' new irrigation scheme of the left and right banks of the Swat Rrver b) supply for o

" the Palai scheme, c) supply for the existing Lower Swat Canal (LSC) and Doaba .

- Canal, and d) supply for the ctvrl canals mcludmg an allowance Detail of the L |

- '_-requirements is glven in Chapter 5

: (S) Peak Operatlon Hour

" The penod of peak operauon was decrded to be 4 hours on the basts of the recent' | =
- dally load curves of WAPDA and KESC system and assumed future trend o |




The daily load curves of the Pakistan power system are of typical evening-peak
pattern and the duration of the peak load is around 4 hours throughout the year.
According to records of advanced developing countrics, the shifting from the

evening peak with the duration of 4 hours to daytime peak with the duration of 8
“hours occurs when the per capita GDP reached US$ 1,500 to US$ 2,000. The

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 within the

o _foreseeable ﬁxture and hence the change of peak load durat1on from 4 hours to 8

hours would not happen in the near future.

The deta|l of the peak operatlon hour is dlscussed in Appendlx D

: (6) __Combi_ne_d Eﬂici_enc_y

Curves of the combined efficiency of gener‘ator a_nd_ turbine were prepared _f'or'
the simulation study purpose on the basis of the current experiences.

Ox Tailwater Rating Curve |

- The tallwater ratmg curve was prepared based on the results of non- umform flow

L computatlons for the stretch between the Munda Dam site and the existing

724

125

Munda Headworks The LVEr Cross sections surVeyed in this feasrbllity study
stage were used for the non- umfo_rm flow computations. .-

Slmulatlon Results of Reservorr Operahon

) The reservoir operatlons were srmulated usmg the developed srmulatlon model o

All the above input data were mcorporated in the simulations. ~ 58 development

scale alternative cases in total were srmulated and as a result annual energy '

productlon was estlmated as shown in Table 7.2.1.

_Dam Type ' _
Frorn the topographtc and geologrcal constramts the dam types consrdered

surtable for the Munda site were concrete gravrty and fill type dams. These dam o
' _types were exammed in detall mcludmg materrals surveys prellmmary layouts R

. and cost estimates. The dam types exammed were (Da concrete face rockfill :

dam (CFRD) (2) an earth core rockﬁll dam (ECRD) and (3) a roller compacted _

o "rrconcrete (RCC) dam, Of 16 dam henght alternatives from 164 m to 237 m .
g ,drscussed in the precedmg sectlon RCC dam was exammed for only the lowest o

R dam herght (164 m),



* Dam type comparison for the Munda site was made for the Alternative 555 (dam

height of 213 m) between ECRD and CFRD where layout of ECRD is as shown

in thure 7.2.3.

ECRD considered here is almost tdenttcal to CFRD in layout but its upstream

' ~slope is 1:2.2 and downstream slope_ is 1:2.0, so the diversion tunuels and power

tunnel are longer than those of CFRD. 1t was found that CFRD is superior over
ECRD for the followmg reasons: a S _

1§ CFRD can be constructed in at least one year less than in FCRD m terms of
construction perrod owing to smaller embankment volume '

| _2) River diversion risks hence costs arc less for CERD than for FCRD
- 3) Leakage emerging downstream of CFRD has a basrcally dtﬁ‘erent

' srgmﬁcance than leaks through dams with earth cores, because there is no
posstbtltty of earth core erosion and no potenttal threat to the dam safety. _

4) Since the entire CFRD embankment is dry, earthquakes cannot cause pore

pressure in the rockfill voids. - SRS |

o 5) CFRD was cheaper by 12 % than in ECRD marnly owing to shorter -

dtversron tunnels

A possrbllrty to construct RCC type dam for the lowest dam case of 164 m in

height was examined as seen in Figure 72. 4, and the cost was found to be 27 % '_ .

- htgher than that for CFRD ‘This is mamly due to the htgh cost mcurred for dam;
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more than 3 million m® of concrete were requtred caused by the foundatton '

- geology where appltcable maximum destgn parameters of foundation rock were :
" as low as 2.5 MPa of sheartng strength with of mtemal friction angle of 40 h

degrees

Based on these results, CFRD was selectcd as the most appropnate dam type B

. Opttmum Development Scheme

" All the costs were esttmated for the basrc desrgn developed for the respecttve e
alternatives and converted to the economtc costs applymg the standard -

a converston factor of 0.89 to the local currency pomon ‘The constructton period

. of 7 years is assumed for the development scale alternattve 505, 8. years for the )

: alternatlves 510 to 555, and 9 years for the altemattves 560 to 580 thure' o
~ 7.2.5 shows layouts for the alternatrves 505 (164 m hrgh dam) 530 (189 m hrgh o
" dam), 555 (213 m htgh dam) and 580 (237 m high dam) SR

From the annual energy productton esttmated for the respecttve altematwes the |
economic’ power beneﬁt was calculated by uttllzmg long un margmal cost

(LRMC) updated to September 1999 level The capacnty cost of LRMC is

'.77-7_'3_ o




- US$ 583/kW and annualized one is US$ 70.29/kW. The energy cost of LRMC
is US¢ 3.92/kWh for peak and US¢ 3.36/kWh for oft-peak. Details of the
power_b_cneﬁt calculation are presented in Chapter 12.

“In addition to the power henefits estimated above, the economic agricultural
benefit of US$ 5.8 million/year and economic flood control benefit of US$ 0.9
million/year were taken into account for totaling overall cconomic benefits.
- For details of the agri_cultufal and flood control benefits, please refer to Chapter

- The development scale was optmn?ed by comparmg economlc indices of the -
development aIternatwes derived from cash flow analyses The results were
| 'expressed in net present value (NPV), benefit cost ratio (B/C) and ccoiomic
: mternal rate of return (EIRR) for the respectlve alternatives.  The relationships
of NPV/EIRR and MOL for Alternattves 505 to 580 are presented in Table 7.2.1

- and Flgure 7.2.6.

E Based on this « comparison the most economlcal combmatlon of FSL and MOL '
- was selected for the respecttve dam helghts The following table shows the
“economic indices for the most economlcal combmations for given FSLs:

‘ o Econom:c Imllces for Altcrnames _ _
Altematne : NPV (USS million) BIC - EIRR (%)

T 505487 372 T LI2 110
B - X A B B ¥ L
515490 TSy 123 11.9

TTTTs0481 .| 7 867 | o 125 - 2.1
55493 1045 129 124

530-494 1137 " 130 124

TT535495 | 1254 | 131 - | i2s
540496 T 24 135 128
545497 Tee - | 135 123

550-499 . | - 1634 | 135 128
555-510 - 1755 136 129
560510 | 1789 - 135 128
565-510 | 1837 134 127
570-515 1815 | 132 1T s
515835 . | 1676 | - 129 - 123
580540 1386 B ¥X s

_ i‘hese economlc mchces are also tllustrated in F;gure 121 Accordmg to the

~ table and the ﬁgure the values of EIRR are almost Identrcal for FSLs of 540 to
S 7565 while those of NPV vary from 142 to 184 million US$ wnh the h:ghest NPV _
o for Altematlve 565- 510 ' : .

_ - However ﬁ,nrther eons;deratlon was gtven to the reallstlc crest level of the
Munda dam from the v1ewpomts of topography and geology of the dam site with



' sedimentation expeeted at the upstream end of the reservoir. The following are
- points of the consideration: ' '

| 1) The left abutment of the dam site shows some 200 m long flat topographic

'conﬁguratlon above EL.565 to 570 m, to whlch dam crest level should be
: topographtcally limited. ' '

2) Asis described in Sectlon 3.2, a series of water pressure tests done on the

. right bank of the dam srte suggest relatively tntenswe slackmg of the rock
in the parts of the slope hlgher than around EL. 560 m. ‘
3) Sediment at the upstream end of the reservoir was prehmmanly estlmated
o be depossted by some 20 to 25 m above the FSL Since the nver bed .'
level at the upstream end of the reservorr appears to be around EL 580 m,
ESL 565 m is not eons1dered appropnate , '

: These consrderatlons led to a oonclusnon that I‘SL 555 m wnth MOL 510 m, '
- which corresponds to the dam crest level of EL. 563 m, is the practical and most
'economrcal alternattve : ' ' ' S

. The eﬁ'ectwe storage volume of the altematwe 555- 510 is 834 mlllron m’

between FSL and MOL Through the Study, the mstalled capacity is 740 MW
of whlch the plant factor 1537 %. The annual energy productlon is 2,407 GWh,
in whrch the ﬁrm energy (peak generatton) is 847 GWh and secondary energy

(off-peak generatlon) is 1,560 GWh. - “The mstalled capacrty denved from the :

. 77.2‘7 .

above stmulat:on stucly is further verlﬁed in the followmg subsection -

_ Flgure 728 shows ‘the stmulatmn results of the reservo:r operahon for the _' :

‘selected alternattve 555-510. Accordmg to the result deﬁett of the irrigation

* water supply occurs twrce in February and once in March during the simulation

. years from 1956 to ]997 Frcqueney of the deﬁcrt is so small that sufﬁerent
: supply of i lmgatton water required can be attamed ' -

Installed Capacnty

For the FSL 555 and MOL 510 seleeted as above an econonuc comparlson to

_f'md the optlmum mstalled capacrty was made

" The result showmg economle mdrces of the capactty altemahves such as NPV |

B BIC and E[RR is summartzed below SRR SRR

R ST
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Comparali\'e Study of Optimum Installed Capacity

800 lﬂi;r

Installed capacity 690 MY 740 MW 880 MW
Maximum discharge 470 m¥s 505 m¥s 545 ms 600 m/s
(Dependability) (98%)  (95%) (90%) (85%)
‘Dependablepeakoutput | 570MW . 590MW 430 MW 250 MW
Annualcnergy, Total | 2,360GWh  2407GWh  2455GWh 2,506 GWh
" Fim energy 835 G\Wh 847 GWh 627 GWh " 368 GWh
Secondaryenergy | 1,525GWh - 1,560GWh  1828GWh 2,137 GWh
Piant factor 39% 37% 35% 33%
Economic indices Sl ! ' : ;
NPV 164.6 mil USS  175.5mil USS 1714 mil USS  154.6 mil US$
BIC 135 136 133 128
EIRR 128% 12.9% 127% 123%

' 'economlcal indices.

'negatwe net present values for all the altematrves

Accordmg to th1s table ‘the mstalled capactty of 740 MW shows the most
Therefore the optlmum mstalled capaclty lS determmed o -
be 740 MW ' - -

A possrblllty of base power operatlon at the Munda Dam was exammed Four

- alternatives of the installed capacrty were compared by net present values which

are base power plants of 110, 130, 140 and 150 MW. The comparison lead to
Therefore 1t is Judged that -
the base power operatlon is not feasrble at the Munda Dam The detalled -

| dlseussmn is given in Appendrx G.

Umt Capaelty

The number of the turbmes and generators and thelr umt capacrty were exammed _

for the optimum installed capacity of 740 MW from the economrcal vrewpomt

and seleeted companng the followmg altematwes

Cemparatl\e Stud) of Opt;mum Unit Capacit\ S

. 6 Units

Number of units ‘3Units - 4 Units C SUnits
Unit capacity . CHIMW - I85MW T M8MW T 123 MW
Annual energy, Total 2399GWh - 2,407GWh - 2411 GWh 2,413 GWh
Firm energy B46GWh  847GWh .- 847GWh ~ . 847GWh
" Secondaryenergy | 1,553GWh  1,S60GWh  1,564GWh - 1,566 GWh
Plantfactor ~ ~ | 3% - - . 31% . 31% 31%
Economicindices ~ f. - o . - .0 _ R
NPV | 133miluss  1755milUSS 1749 nilUSS 1657 mil uss
_BIC. 136 136 0 136 133
" EIRR 129% 129% 128% 127%

AT




The above table shows the maximum NPV for the casc of 4 units with the unit

“capacily of 185 MW. The optimum unit capacity was therefore decided to be

185 MW,

1.3

13.1

Development Layout Optimization

Dam Layout

' (1) Dam Axis

At the 2km Iong stretch of the Munda Dam site, various dam axes including
those exammed in the Pre-F/S were reconnoitered in the field and a dam axis
that suits the topography was selected. - The dam axis selected close to that

"recommended in the Pre-F/S, muns on the ridge at both banks almost

perpendtcular to the river course and hes geologlcally on the pelmc schlst green
schlst and srllceous schist, whlch have no senous foundatlon problem accordmg ;

B to the geologlcal assessment, so nothmg constrams the layout of the appurtenant

structures such as dlversron tunnels, sp:llway, and powerhouse

: (2) Dam Type

As stated in the prevrous Sectlon CFRD was selected as the type of Munda

Dam.

| The exlstmg world htghest CFRD is Aguamllpa Dam of 187m hlgh whlch was
. rcompleted in 1993 in Mexrco Recently, many CFRDs are under plannmg or
'7 designing in the world among which the highest is Shurbuya Dam in Chma

The Shunbuya Dam is 232m hlgh and embanked wrth llmestone

g '(3) Dam Herght and Splllway Capamty

The dam crest level was exammed adding the freeboard to the reservonr water

level under the condition of the selected FSL 555 m in combination wrththe_ -
spillway capacity. - The following is a summary of spillway alternatives and the =
" required dam crest level, which are discussed in detail in Chapter 8: . : ‘: '

BT ATE




Spillwa,\' Alternatives and Required Dam Crest Level

;o : - Case ] Case 2 Cased Case d
Spillway, Gate poriion :
Nuinber of gate 2 3 4 5
Gate width 15.0m 15.5m 155 m 16.0 m
Gale height 25.1m 219m_ | 184m 15.8m
Spillway, Non gate part ‘ : s .
. Crestlength - 500 m 180 m §0m Om
Crest elevation EL.555.0m | EL.5550m i EL.555.0m -
FSi., - EL.555.0 m EL.5550m EL.555.0m EL.555.0 m
Flood water level FWL (PMF) EL.559.7m EL.560.8m EL.561.8 m EL.5628 m
Frecboard . o .
Nonmal above FSL 3.0m 3.0m S 30m 30m
Minimum above FWL. ~1.0m 1.0m 1.0m 1.0 m
Dam crest level EL.561.0m | EL.562.0m EL.5630m | ELS5640m
Foononio otal construclion | ygs7eg it | USS74s mil | USS?41 ail | USS750 mil

Accordmg to the ahove summary table Case 3 is the most economlcal

' alternatwe Therefore the dam crest level was determmed to be EL 563 m.

| _ 'lhe required freeboard shown in the above table ‘was estlmated conformmg to
_the USBR procedure R

| .(4) Development Layout

_ Dam layouts for the development scale alternatwes were prepared for the
.- purpose of cost eomparlson and opt;mlzation of the alternatives.  Dam heights '
 range from 164 m for Alternative 505 to 237 m for Alternatrve 580. The newly
" prepared topographtc map of scale 1:1,000 was used for the dam layout study
o _'The layouts developed are shown in Frgures 7.2. 5 for the Altematrves 505 530,

555, and 580

- The layout for all the alternatrves is composed mamly of two. lanes river

- dtversmn tunnels, a mam concrete face rockfill dam with an mtegrated upstream _

‘ '»'-Q-"'materlal and techmcal and cost advantages of thts type.

) coft‘erdam a combined type splllway wrth gated and non-gated overflow portion,
a power mtake and waterway, a surface type powerhouse a rrver outlet tunnel

and SO forth o

_ 'I_The CFRD was selected for the layout study as the most approprtate dam type
'conSIdermg topography and geology of the dam s:te avarlabrllty of construction
The possrbthty to

' _3""construct a RCC type dam for the Iowest dam case of 164 m in height was

_:exammed The cost compartson of the CFRD and RCC dam revealed the cost
""_advantage of CFRD with a ‘cost mcrease of 27 % for the RCC dam. Therefore,
“gven for the fowest dam alternatwe CFRD is applled for development scale

'_opttmtzatton study BRI :

B A R



~ be the most appropriate for the reasons of economical and environmental -
- advantages. The 4.3 km site will submerge the village of Pati Banda’ located on

At least two river diversion tunnels are required so the river outlet facilities can
be installed in one of the tunnels while the other tunnel continues to divert the
river ﬂow : ‘ '

- The combined type spillway was laid out on the Teft abutment to suit the

topography. The non-gate weir portion will release excess reservoir water
automattcally even in case of malfunctron of the sptliway gates. The

emergency spillway of fuse dike type was not designed because of huge amount
of excavation work which leads to higher cost and environmental issues.

~ A power intake, an intake gate shaft, a headrace tunnel, a surgetank penstock

tunnels open penstocks a surface type powerhouse and an open swrtchyard
were laid out on the right abutment

The river outlet facrlmes constructed in the one of the dwersron tunnels will be

' 'utlhzed to release river water downstream for meeting 1mgatton and other water
requnrement dunng reservoir lmpoundmg as well asto release reservorr water to

draw down the water level in an emergency case

'._Re-regulatlon faclhtles are requrred when the prcgect is developed as a peak )

" power station. Through companson of three altematlve sites of the facrlmes
thlch are located 3.5 km, 4.3 km, and 5.0 km (exrstmg Munda Headworks srte)'
- downstream fro_m_the proposed Munda Darn axis, the 3.5 km site was selected to

the rrght bank. - The remodelmg of the exrstmg Munda Headworks w1|l lead to

" modification of not only the Headworks rtselt but also mtake structures for the '

Lower Swat Canal and Doaba Canal

& The reservorr area and genera] layout of the selected deVelopment scheme are

L shown in DWG COI and C02 respecttvely

732

: Generatmg and Transmrsston Facrhttes o
_ (1) GeneratmgFaclhtres

‘ ‘As the result of techmca! and economlc studles on the dam and power station_ o
_ takmg into acoount the topographre condmons the powerhouse was planned asa
"~ normal surface type structure on the nght bank of Swat niver facmg to the nver
o An access road surtable for access to the power statlon and. transportatlon of -
o equrpment and matenals mcludlng heavy items needs to be constructed along the'_
':nght bank of the nver startmg t‘rom the main road The maehme erectron bay' _
* will be ananged at the entrance of poWerhouse on the same elevatlon as the o )
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access road and the upper level of main generators The heavy equipment will
be unloaded from trallers using the overhead travelling cranes of the
powerhouse.

The main step-up transformers will be located at the back of the powerhouse on
the same level as the access road for easy connection with the outdoor

‘switchyard.  For easiness in assembling and repairing transformers, a rail line

will be lead from the transformer bay to the erection bay in powerhouse. The
220 kv open outdoor swrtchyard to connect with the outgoing transmrssron

' c1rcu|ts will be located on a hill to the back of powerhouse The main
transformers and the outdoor swrtchyard will be connected with overhead lines.

The power statron side of the lines will be anchored to the top of the powerhouse '
structure. ' ‘ '

(2) 'lransmlssron FaCllltleS _

_ As mentroned in Subsectlon 8 4 2, the most appropnate substation to recerve the

Munda power will be the 220 kV New Shahibagh substation. A 220 kV
transmrssron line will be constructed between the Munda power statton and New

" Shahrbagh substatron For a certam tength from the power statron ‘where site
' topography is steep, the lme route will be alrgned along the access road for -
- easiness in access and transportatlon and then shortest route to the substatron in

ﬂat cultlvated ﬁelds

“The 220 kV bus of‘ the New Shahlbagh substatron needs to be extended by two :

bays to connect two. transmrssron line circuits from the Munda power statlon

" The land space for such bus extensron needs to be secured

: Irrlgation Facllities :

_';-i: (1) General :

" There are two types of facilities concelvable for oﬁ’takmg and feedlng water to

. the new command area. One is a tunnel to directly tap water from the Munda' o

'2. reservorr to the entrance of the command area as proposed in the pre-F/S and

: ;,another a pump statron to lrft water aﬁer rts use for power generation from the
§ re-regulatmg pond located downstream the power statton

~ As the feeder system is a prvot of the :rrlgatron system and gOVems relevant
* facilities in lrrrgatron development itis necessary to select an optrmum layout of
the t‘eeder f‘acrlrty bemg followed by main canal system A comparatrve study

N © was carned out for two alternatwes of tunnel and pump statron as feeder system
e and mam canals takmg account of tne followmg features :

. 7-.15_:- o |



Feeder System Alternatives

: Alternative 1 -t Alternative H

Type Tunncl - | Pump Station . %
Specific ltems | (1) intake facilities, ' (1) pump house
considered it | (2) tunnel, . (2) pipelines,
comparison (3) outlet Facilitics, - | (3) main canals and distributors -

' (4) main canal and dlslnbutors etc. | (4) mechanical and electrical works

(5) mechanical works suchashigh |~ suchas intake gates, pumps,
pressure intake gates, outlet - auxiliaries, elc.
____ gates, elc. : - .
0O & M cost Specific to tunnel feeder system Speciﬁc to pumping station including
S S e s electricity for pump operation

Energy Loss | Considered as wateristapped - { Nil : : '
as Cost without hamessing for power

S generauon

(2) Economtc Compartson of Respecttve Alternatwes of Feeder I'acrltty and
Mam Canal : R

1) Facrlrty Planning
" a) AlternatrveI(Tunnel)

'Imgatton water wrll be oﬁ'—taken at etther bank of the Munda dam
" ‘Through the tunnel water oﬂlaken wrl! be fed and released to the main
canal at the htgh elevated portton on the left bank area but at the nver-srde
~on the ieft bank area. Mam canal shall be by opéen channel at the either =
~ banks. Canal altgnment wrll be wmdmg due to 1rregulartt|es of topographlc
“condition at the lefi bank |

'_ 'Ihe tunnel is desrgned wrth ctrcular shaped Cross seetton as non- pressure
tunnel with high pressure intake facilities. Allgnment of the tunne! will be -
) such that the shortest distance can be attained. In laymg out the tunnel |
consrderatlon will be gtven on the topography, parttcularly deep nullahs
" crossing in between. Soil coverage of three dtameters of tunne! is )
" considered with radtus of tunnel curvature bemg more than 30 m,

Shape of the canal system of the new command area is subject to the type -

of feeder t‘acrltty In case tunnel is selected as the feeder system the canal

system should be of an open channel network composed of ltned main
X canal runnmg in htgher mountamous portion and dtstnbutanes flowmg into
- _lower command areas as proposed in the pre-I-«lS -

B b) Alternatlve II (Pumptng Statton)

' A pump statlon wrll be lald out by the pr0posed re-regulatmg pond wrthi: _ _ @
" requtred ltﬁmg ﬁtnctton Apart of released water from the power statton T
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will be lifted to the high-elevated portion at the left bank area but the river-
side at the right bank area. Water level in suction sump of the proposed

_pump station varies more than 10m, corresponding to the planned

drawdown of the re-regulating pond. Therefore, it is difficult to select a
suitab_le'pump type. Vertical shaft double suction multistage centrifugal

| pump is the only pump type applicable for the proposed left bank pump

station because of high head of more than 100 m required under the

. _condition that plus-back inflow system in the sanction sump is adopted.

Since the pump station at the right bank requires total head less than 20 m,
a vemcal shaft mixed flow pump is appllcable '

 In case llftmg system with pump station is selected the canal system
_should be a conduit network in which pressured plpe line will be applied in

some sections of main canal.  Conduit is advantageous in ahgnment
selectlon where the terram is rugged and steep slope and water can not be

' fed by gravrty

: _Based on the above concepts in mmd the altematrves were devcloped for
. cost companson Sahent feature of the alternatives developed for feeder
- facrhty and main canal are explamed in followmg table:



Salient Fcature of thc A]tem ativi (2

Alternative I (by Tunnel) Alternative IL(by Pumping S!‘mon)
Left Bank Arca Right Bank Area | ° Left Bank Area Right Bank Area
(Feeder system) (Feeder system) {Fecder system) - | (Feeder system)
¢ Circularshaped |* Circularshaped |» Vertical Shaft s Vertical Shaft
: cross seclion non-|  cross seclion non-]  Double Suction Mixed Flow
pressure tunnel - pressure tunnel _ Multistage Puinp
* Excavated Dia : {e Excavated Dia : Centrifugal Pump : o
©280m 28m - - | Actual Head : ¢ Actual Head: 14.0
s Finished Dia: |e Finished Dia : S 4om m
220 m 20m » Total I{ead : s Total Head
e Leagth: -~ - [s Length: o N1 Tm e 18.9m
- 5,000m L2, 60(} m | Dlscharge 3. 92 + Discharge : 2.20
s Slope: . |e Slope: “m¥s mfs .
112,000 : 112 000 »  Suction Lev et 1 o Suction Level :

¢ Discharge : 4.39

-

Dnscharge 220 . EL 366m - EL 366 m

mfs m¥fs o e Pump nuinber @ 4 j¢  Pump number :
s Water Depth. » Water Depth : . nes. . - 4nos.
" 18 m . S hllm ¢ Bore: - . .|e Bore: _
» Qutlet level : EL {s OQutlet Level L EL . 700 mm L+ 500 mm
470 m ‘ "385m - .: [« PumpOutput: [+ Pump Quiput :
¢ Intakelevel : EL |o Intake level : EL LSOOKW .~ | . 200&kW
S1I5m - | 515m . - | Powersource: - [ Power source:
o ' - ' WAPDA grid - WAPDA grid

(Open Channel) (Open Channel} - | (Open Channel) {Open Channel)
" {o Discharge : 439 s Discharge ! 220 ¢ Discharge : 2230 . Dlscharge 220

m¥s Cms ~m¥s - m¥fs .
» Length 14,200 . Length 12 900 . Length: 1, 200 mje Lenglh 12, 960
: . Slope 1!4 000 m
* Slopc 1/4,000 [e Slopc' l/4 000 . Slope 14 000 S .
(Condwl) ; (Condmt) | (Conduit) | (Conduit) -~ o %
' ' Discharge : 3.92 m¥s N o ' o -
Nol apphcable ; Nol appllcabIe . |Length : 4,90m Nol applicable
' Dia: 1800 mm -

: ]mgallon facilities e\cept feeder syslem and mam c‘mal are not pn,scntcd becausc of no
dnfferencc for any allemauvcs .

: 2) Constructton Cost _

' Construcllon costs of altemahves for feeder famllty and main canals are
tabulated as follows ‘ '

Conslructlon cosH of altemaln es for feedcr fauhty and mam cana]s

. N . Alternative I (by Tuancl) Alternative I {by Pumping Statlon)
" |Left Bank 977,839,500 Rs (19,556,7908) - 1,569,167,500 Rs (31,383,350%)
Right Bank 720,461,750 Rs (14,409,2358) | * = 687,105,100 Rs (13,742,1028) -

Total | 1,048301,250Rs (20 966,0258) | - 2,256,272,600 Rs (45,125,4528) -
- 3) Operation & ’Vlamtenance Cost

0peratlon and malntenance cost for the Altematwe 1 of feeder fac1l|ty -
composes expendxtures of ofﬁakmg operatlon repamng of tunne! fac;hty,
~and maintenance of main canal That for the Alternatlve 1 compnses of

E expendntures pump house mamtenance pump operatlon and mamtenance

SRRt



i

of main canal,

Cost of the pump operation which is a major expenditure

for the Alternative 11, is estimated in consideration of the power station
being of peak station and the required quaﬁtity of irrigation water with an
assumption that 'operation of the pump station is dependent on electricity
_ supply through main power supply grid. Annual clectric power
“consumption for pump operation is as follows:

Annual Electric Power Coﬁsumplien for Proposed Pump Operation

Left Bank Area 5 —__Right Bank Arca Total

Lifted water|Operating MWh Lifted water| Operating MWh MWh

(10°'m’) hour : {10°m%)

hour

Jan
Feb
Mar
Apr
May
- Pun
)
Aug
Sep
Oct
Nov

Dec

2,307.3 1637 | 9820 | 1,2957
2,615.2 1855 | L1130 | 14686
2,487.1 1764 | 1,0585 | 1,396.7
5,170.6 366.8 | 2,2006 [ 2,903.7
7,534.9 534.5 32069 | 42314
9,757.1 692.1 | 4,152.7 | 54793
5,555.7 3941 | 2,364.5 | - 3,119.9
4,318.7 341.8 | 2,050.9 | *2,706.1
53908 | 3324 22944 | 3,0273
3,097.3 2197 | 1,3182 | 1,7394
2,1302 .| 1511 906.6 | 1,1963

163.3 1306 | 1,112.6
185.1 148.1 1,261.1

. 176.0 140.8 1,199.4

366.0 29281 24934

15333 426.6 | 3,633.5

690.6 53525 | 4,7051
393.2 Jide6e{ 2,67%1
3411 | 2728 2,323.7
3815 3052 1 2,599.6
219.2 | 1754 | 14936

1 150.8 1206 | 1,027.2

1233 98.6 | - 839.8

1,741.4 123.5 M2 | 9719 -
- 22 389.5 :

S 2,978, 6 25,368,2

_ Buymg rate of eIectncnty is applted at 72 Rs. ka/Month of basw rate and
~ 224Rs. /kWh of addlttonal rates. T

 Annual Operahon and Mamlenance Cost by Aitemalues of Feeder Facnlmes -

Alternative I (by Tunnel) - Alternative If (by Pumping Station)
Leﬂ- *. Maintenance Cost ~ 432,000 Rs | * Maintenance Cost = 576,000 Rs .
Bank |+ Operation Cost - - |+ Operation Cost ~~ 55,336,480 Rs :
aE Repaining Cost - 400,000Rs |+ Repairing Cost - - 400,000 Rs
Right |-+ Maintenance Cost 288,000Rs |+ Maintenance Cost 432,000 Rs
Bank |- OperationCost - . = - — |- Operation Cost 7,363,260 Rs -
. R Repamng Cost 300,000 Rs |- Repairing Cost -~ 1,000,000 Rs
Tolal : 1,420,000 Rs (28 400 $) -

o 't3) Energy Loss as Cost

. 68,707,740 Rs (1,374,155 §)]

In case of Aiternatlve lI the water is liﬂed aﬁer it was utillzed for power' o

generatlon while no water can be used for power generatlon for the Alternative 1
casit is tapped dlrectly from the reserv01r For fair companson between two

alternatives, the energy which can not be generated with use of water for
irrigation should be evaluated Accordmg to the reservmr opcratlon study, if the

’ 'water used for 1mgat10n for the command area 1s utlllzed for power generatlon

the annual energy will be counted at 19, 374 MWh and 10,880 MWh at the left

EATEEN

bank and the nght bank, respectwely, bemg eqmvalent to annual revenues of




72,846,240 Rs. and 40,908,800 Rs., applying selling rate of 3.76 Rs/kWh,
- average tariff in April 1999. Those arc deemed as energy losses, thus cost
adherent {o Alternative I.

(4) Overall Economic Comparison between Alternatives

| Optnnum plan for feeder facility can be determined through economic
comparrson of respective cost items.  Here net present values (NPV) of selected
items of the alternatives are calculated on economic cost basis so as to evaluate
~ the alternatives comprehensrvely throughout the project life where the project
lasts 50 years with discount rate of 10 %. Construction works are assumed to be
: eompleted w1thm the m1tral ﬁve years

Over all Economrc Comparrson between Altem atn (3] for Feeder Faerlm

{1,000 Rs.)
: ]tems Alternative I (b) Tunne}) Alternative 11 (by Pumping Station)
S = Left Bank | Right Bank Left Bank - Right Bank
Feeder Facility | . 286,854 143,747 . T 399,238 - 118,154
Main Canal : 389,345 * 363,208 . | 662,453 363,204
O&M - . . - 5,605 . 3961 | 403,59 -~ 59,249
Energy Lossas Cost | - 490,724 275,579 SRR T
Tolal 1,172,528 1 786,49] ' 1,465,287 540,607 g

Based on the result of the comparlson between alternatlves it was concluded

that feeder system should be a tunnel system for the leﬂ bank area and a pump o

statlon for the rrght bank area.

(5) Possrble Alternatwe Power Source for Pump Stauon :

.:In the above companson the energy cost/loss was calculated assuming the. '_
power for pump station is fed extending low voltage lme from WAPDA gnd as

the Munda power is available only for 4 hours dally As the head in the tunnel

- feeder systeni is substantral and the timing of water use is the same at both banks,
it will be concelvable to utrllze the head and rrrrgatron water for the leﬂ bank by .
" constmctmg a mini hydropower plant at the end of the feeder tunnel If such_

idea can be materialized, the power generated there may be used for the pump

- station at the rlght bank. This idea was not studied i in the present feasrbrllty study'

but may be carrred out al the ttme ol‘ detalled desrgn

"‘7'-'270 L




7.4

Installation Timing

(1) General

In the long-term Generation Program prepared by the National Power Planmng
group of WAPDA, the Munda Dam project is planned to be commissioned in
2011 in case of the Normal Growth Scenario and in 2013 for the Low Growth
Scenario. - Reference is made to Tables D6.1 and D62 in Appendix D.
According to the programs a number of relatnvely small hydro power planls are

| planned after the 9th 5-Year Plan perlod (2003 to 2005).

As mentloned in Chapter 9, the earllest possrble completron time of the project

“will be 2009

The optlmum 1nstallat|on tlmmg of the Munda prOJect is defrned as the year
when the prolect is to be put in the least cost sequence of the long-term

_ installation program of the power -plants in the national grid. A comprehenswe
5 and sophisticated power system planmng program, the Electric Generation
' Expansron Analysis System (EGEAS) was used for ﬁndlng the optlmum

- mstallatlon tlmmg of the Munda pro_iect '

e .(2) Condltrons and Assumptrons -
- Exammanon was made by use of }:,GEAS under the followmg condltlons and
' assurnptlons ' ' ' o

1) ;Applymg the collected system load data conststmg of the low growth

scenario of the peak load and annual energy demands, whlch is similar to
World Bank one, and load duration data. : o .
2) . Inputtmg the fixed system lncludlng the Chashma nuclear plant Chashma
low head hydro plant Ghazi Barotha hydro plant, and 15 numbers private
sector plants, whlch are scheduled durmg the 91h ﬁve-year plan, as well as
' the exrstmg/operatlng plants

'3) ' 'Inputtmg expansron hydro candldates conSIStmg of Neelum Jhelum Golen .

. Gol, Jinnah, Kohala and Taunsa of which the proposed lnstall capacrty is N
~ close to or more than 100 MW, as well as Munda. '

4) Inputtmg expansron thermal candldates such as a coal f’rred plant a

§ combmed cycle plant and a gas turbine plant of whlch the capacrty is
variable and decided by the EGEAS computatlon '

: .S)',"Settmg the base year of 1999, rmmmum reserve capacrty of 20% and

- drscount rate of 12 %,
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(3) Installation Timing

The result of the EGEAS comput'a.tion revealed that the Munda project has an
optimum installation timing of year 2010 as illustrated in Figure 7.4.1.
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8.1

82
8.2.1

CHAPTERS = FEASIBILITY DESIGN

General

The feasnblllly dcsngn for the main civil slruclurcs hydronwchamcal works

~ cleetrical works and irrigation facilities was carried out conformlng to the dcmgn
~ crileria and standards internationally appllcd and qcccpled. The development
“scale of the Munda dam was decided as described in Chapter 7, in which FSL is

© 555 m with the installed capacity being 740 MW. Gcneral phn is shown in

DGW. C03. ~ This chapler presents oplimization of the structures for the
selected development scale and feasibility design for the optimal structures.

- Main Civil Structures

River Diversion

The river dwers:on is requlred lo dlvert the river flow durmg construcuon o[ the -
main dam splllway plunge pool, powcrhousc and other structures located on and
bcsxde the Swat River. - Only the lunnel type in combination wlth the cofferdam

‘ |s concenvablc for the river dwersmn at the Munda Dam sile because of thc
_lopography ' '

AL least two lunncls are rcqulrcd for mslallmg the river outlet facﬂltlcs in the

one of the tunnels while the other lunncl contmues to divert the river ﬂow

| Toking accoum of the longer construction pcnod of 6 years and non- avallablllly '

of the reliable flood hydrograph records at the dam Sllc it was decided to apply

13,630 m’/s of peak dlscharge a 25-year probable ﬂood as a diversion design

ﬂood and to smc the lunne]s as mﬂow peak bcmg equlvalent to the outﬂow :

" Both of lhc diversion 1unncls are lald oul on the lefi bank Onc oi the .
__advantages of the lefi dxvcrston tunnels is shorter tunnel length compared with |
~ that of the rlght dwcrsnon lunnels The another merit is that cncrgy of water
‘ relcased from the rlver outlet can be dlSS]paled by utllvmg the plunge pool of |
~ the splilway after compleuon of the dam. The selected left bank dlversmn |

tunnels are 975 and 964 m long

As cxplalned in !hc subsequanl sccllon mlakc of one of thc dwcrsmn tunnels
- used as the river outlet facilities is to be allgncd at a hlghcr elcvallon !han the

__ 7' normal h;gh water levcl of the rc-rcgulallon pond The dcmgncd inlet and
L outlet sill lcvels of the lunncl arc EL. 379 m and EL. 370 m rcspecllvc]y The
, another dlvcrsmn iunnel is augned wath thc mle{ snll lcvc] of EL 363.5 m and



outlet onc of EL. 362.5 m as close as the riverbed level so that the initial river
diversion can be made easily. '

“In viciﬁ of thc existence of a deep gully on the lefi bank just upstream of the

main dam snc by which construction of mdepcndcnl main cofferdam is made

~ more coslly, a cofferdam, which i is later integrated with the main dam was laid
“oul. The height of the cofterdam would not affect the to(al construchon cost

much bul is llmltcd to an cxtem where the cofferdam can bc constructed wuhm

" one dry scason after the river is diverted to thc Iunnc]s Thus a 60-m-high
‘col‘ferdam wnh crest clcvallon of 410 m was dcmdcd

o Dlscharge capacity of thc dwcrszon tunncls was computed for different tunnel
' dlamclcrs_ under the conditions of bc_)lh frce and pressure ﬂows, of which the

h . result is shown in' Figure 8.2.1. The required discharge capacity of one tunnel

s

is 1,850 m *fs. As a result of the computallon, 120m dlamcter was found

approprlatc for both lunncls

’ Thc dcsngncd river d;vcrsnon is shown in DWG. C04 and COS

Mam Dam _
(1) Frccboard

Thc frecboard con31sls of a norma] frceboard abovc PSL and a minimum -
frceboard above the ﬂood water lcvc] (PMF) R '

' The normal freeboard is esnmaled (6 be 3.0 m summlng the wmd selup and
:wavc runup of 1.6 m with the cftcctlvc fctch of 1. 6 km, carlhquakc gcneratcd
_anc height of 1.1 m and allowancc of 0.3 m for malfunction of spillway gate.
The mlmmum freeboard is estimated to be 1.0 m summing lhc wind setup and |
. wave runup of 0.7 m and the allowancc for splllway gatc malfunchon of 0.3 m. '

' Bascd on the flood water level of EL. 561 8 m for PMF thc dam crcsl cicvalmn
* was determined to be EL. 563.0 m as dlscusscd in Chapter 7 Thc dam crest EL.

e : 563 Om sallsﬁes lhe normal freeboard requlremcms

(2) Dam Embankment E .'
C'_ _.l"',' LA

i Mam fealures of CFRD are as follows: 1 |
S Crest clevallon EURIE ,.EL 563 m_' -
e Parapcl w'ill topelevatlon RO EL 564 m S
" Dambasc: Do T "EL 356m R
“Plinthbase: EL.350m .




Maximum dara height above plinth: 213 m

Dam slopes: 1: 1.4 for upstream,
, o ~ 1: 1.5 for downstream
Dam crest length: ' _ 760 m
Dam crest width: E 12m
‘Width of concrete face slab: ~15m
Arca of concrete face slab: 191,300 m*
Length of plinth: B 920 m
Dam volume: - 16,500, 000 m®

* The plan, prof" ile and lyp1cal dam Cross scctlon are shown i m DWG. C0o, C07,
and C08 Thc cofferdam is mtcgratcd later with the main dam :

Rock materials 10 be used for the dam embankment are limeSlone quarlzite, and
siiccous schist. * The l;mcstonc is availablc at Sappare quarry site located

- approxnmately 3 km northeast of the dam site with explmtable volume of around
.6 mllllon m The quartzite and siliceous schlst can be quamed from Todobo

.~ Banda quarry situated approxnmalely 1 km upslream of the dam srtc in an ordcr

of 15 mllllon m’. Excavated rock from the sp1llway or othcr structure sntcs o
' mamly con51sls of schlst is planned to be used as parl of lhc rockﬁl] matenal

o Worldmde cngmecrmg experlcnces of CbRD conslruchon have proved
' approprlatcness of hmestone quartale and schlst as the rockf' 11 material for
CFRD as seen in Table 8. 2 1 Dctalls of the rockflll matcnals are dlscusscd in

- Sechon 3. 2

- _Thc mam dam was deSIgned w1th lhe upslrcam and downslream slopes of 1:1.4

and 1:1. 5, rcspecllvely, based on the cxperlence of the Study Team and in

cons‘lderatlon of slope data of the construclcd or des:gned CFRD as given in

7' ']‘able'82"1- In dam Zoning, llmcstonc IS placcd on the upstrcam zone and -

_quarizlte and schist arc localed on the downslream LOI‘I'B Accordmg to Table
821, the slope of 1:1. 4 is domlnant for the CFRD constructed with limestone,
-7 while 1: 1.5 1s an averagc for thc CFRD conslruclcd w1lh shale and schlsl

“'._-:__-Accordmg lo ICOLD bullclm, '{“Rockflll Dams wnlh Concrclc [‘acmg , |
: applxcahon of downstream slope of 1:1.4 is suggested for the area such as

Munda with the earlhquake magmlude of 7 and peak accelerahon of 0.15g.

i ’['lqgref_ore tlhe adoptcd downslrcam slope o_f 1:1.51s considered acceptable,



Dam Zoning:

The embankment dam composes the following zones:

Zone 1A: Impervious carthfill over plinth

Zone iB: Random fill over plmth
Zone2A: Fine filter

Zone 2B: . Crusher run

" Zone3A:  Selected small rock
Zone 3B: Rockill, limestone

~Zone3C: . Rockfill, quarizite and Sl]lCCOUS sch1sl
~Zone3D:  Rockfill, cxcavatedrock -
Zone 3B: Sulectcd largc rock

Slllccous schrst for Zone 3C, is known in some cases to produce a non-free
drmmng rockfill. The llmeslone zone (3B) will, lhcrefore be placcd at the
' botlom of lhc downsiream zone in order to draw secpage walcr downslrcam

' ..The excavaled rock (3D) is placed in thc downslrcam in order lo usc the )
. _excavatcd material effi cwntly and in order to mlnlmuc dcformallon of the dam
. body whlch affecls the concrel¢ face slab

The concrete face s]ab WI“ be placcd in 15 m w1dths with watcr slops along !hc ,

" vertical ]omls and pcrlmelrlc jOlﬂlS at face slab and plmth Thlckncss of the

'rcmforccd concrete face slab was demded applymg the equauon T = 0.3 +

_- 0 003h where T i is lhlckness and h is vertical hclght bclow dam x,rcsl Thc slab

_concrclc will be placcd with use of a slip form on the fine lransu;on 7one The -

- . impervious earlhﬁll zone on the face slab is cssential parucular]y al the lower
elevallon achng as a ]omt or crack hcaler ' :

| The lhree iypcs of p]mth were dcsngned wnth the w1dth and lhlckncss of 6 m and L

0.6 m, 8 m and 0.8 m, and 10 m and 1.0m dependmg on the magmtude of statlc o

waler pressurc mcorpora{mg “the Cchncnccs of CFRD Thc_ max1mum :
'hydraulicgradlenl is esllmated at around 20. - ' e

' The penmctrlc jomts arc composed of coppcr waterslop and stalnlcss slccl

walerstop covercd with cohesmnless fmcs The vcrilcal jOll‘IlS arc demgned P

"~ with coppcr watcrs{op and hypalon walerslop 'lhe lcns;on verucal ]omt is

* covered with cohcsmnless fmes These demgns are based on Ihe expericnce of .

CFRD
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A vertical parapet wall will be provided at the dam crest in continuation of the
upstream concrete face slab, The wall is 5.6 m high.

Spillway | I_
: (1) Splllway Conflguratlon Opnmlzatlon

In order to :egulate inflow floods mto the Munda rescrvoir and ensure safety of

the dam against extraordmary floods, the spillway configuration was ophmlzed

" Because of existence of numbezs of deep gulhes r_l_mnmg on the right bank snde,

the alternotivel to locate the spillway structures on the right bank was not

| considered and thus was discarded in the begmnmg Similarly, a non- gated
* weir alone was not con51dered due to relatively large PMF Further, since there

exist neither proven cntena to accommodate device for slmcmg the sediment for o

“such high dam with wide valley nor ‘the example where the device was
_successful no consideration on sluicing the sediment through the splllway
__'_structure was made. Taken up for optimization exammatlon are (1) gated

spdlway alone, (2) a combmatxon of gated spillway wnh non-gated weir and 3)

gated Splllway with fuse plug Whlch may be con31dered for the higher FSL asthe

. 1) Type 1 gated splllway alonc

3) Type 3 fuse plug with gated spillv@ay o

Gale

2) 'Type 2 : a combination of gated spillWay \}vit'h r'1'_on~gat'ed weir

T L ' " . Non-gate weir . ff

=

—

Fuse plug

B 1€SEIvoir 1 rim may allow for constructlon of the fuse plug topographlcally The - |
) followmg three the splllway types were compared to select the optlmum type -

;-

rj



The spillway Typel has 5 sets of spillway gates, 16 m wide and 15.8 m high.
“The spillway has sufficient capablllly for flood conlrol constant ratio-constant
outflow discharging rule and sufficient dlschargc capacity for PME  However,
" this type of spillway has no flexibility to discharge floods in case of malfunction
" of the gates.  The total construction cosl was eslimated at US$ 750 million.

The 'spillw.ay Type 2 has 4 sets of gates, 15.5 m wide an'd' 18.4 m high, and with
a 80 m long non-gated overflow Wcirr with 1hé crest level of EL.555 m, which is
thc samc clevation as FSL.  This type of splllv. ay has an advanlage 1o release
' excess flood waler aulomahcally th:ough the non- galed weir even in case of
o malfuncllon of the gates. The spillway Type 2 has both sufficient flood control
ablhly and dlscharge capacuy for PME. - The iolal construction cost for this case

" was esumated to be US$741 mllllon '

L _.The splllway Type 3 has S sets of gatcs 16 m wide and 14.9 m hlgh with 130 m
- wide fuse plug lype emergcncy spillway. - This type of spsllway also provides
'sufﬁcwnl flood control ability and dlschargc capacuy for PME - However, huge
' amounl of excavation volume for the emcrgency splllway causes enwronmemai
issues as well as hrgh projccl costs The estimated total construction cost is
| US$820 million. | RURTEEE S S SRR

As a resull of the comparlson among those threc cascs splllway Type2 was -
: ‘selecied m wcws of thc ]owcsl cons(rucuon cosl and monc ﬂcxlblc opcralnon
' 'resultmg 1n sccurmg the dam s safely ' i o

An ophrmzalmn sludy was furlher made for lhc sc]cctcd splllway Typez in
. terms of the number and dlmensmns ofthe splllway gales and Icngth of lhc non- o
galed ovcrﬂow weir as follows - : -




Comparison of gate number and dimension, and non-gated overflow weir length

: Casc 2A Case 2B Case 2C
«% B Dagn cresl level EL. 561.0 m EL. 562.0 m EL. 563.0 m
Full supply level EL. 555.0 m EL.555.0m EL.555.0 m
Surchatge waler level - "~ EL.5594 m - EL.5594m EL. 559.4 m
Flood water level EL. 559.7 m EL. 560.8 m EL. 561.8m
Gate porti ;
Number of gate - 2 nos. 3 nos. 4 nos.

Dimension of gate (wnd!h
x height)

150m x25.1 m

15_.5 m X 21.9m

15_.5 mx 184 m

Crest length -, 30.0m - 46.5m - 620m
Crest elevation EL. 534.8 m EL.538.0m EL. 541.5 m
Discharge 8,000 m/s 11,100 m¥s 12,300 m¥/s
Non-gated overflow weir o AR .

Crest length AR 500.0m - - 180.0 m 80.0m
Crest elevation EL. 555.0m . EL.5550m . - EL.555.0m
Discharge - 11,000 m¥/s " 5,500 m¥s 3,100 m¥s
Total economic cosl USs ‘748 million US$ 745 million US$ 741 million

B Accordmg to thls Iablc the cheapcst Case 2C was selecled The selected
splllway has 4 scls ofgalcs cach 15 5 m wide and 18 4 m l'llgh w1th a 80 m long

B non- gated ovcrﬂow weir.
(2) ' Spillvlfay Compbni:nls '
B Bascd on the spillway optlmtzallon sludy mcnlloned '1b0vc lhe feamb:hty
- demgn was performcd applymg the followmg paramcters : :

- Dam crest _ .EL.563m : :
Des:gn overﬂow for chutc 3, 800 m’/s (1 000 ycars probablc flood
' = - oulflow) 3
' Dcsign 0vcrﬂm§_v for plungé pbol: 1,900 m3/s (100 ycars probable ﬂood
o AR IR oulﬂow) '

- 4 nos,, 15.5 m w1de X 18 4 m hlgh
. ST - gates, ogee crest EL.S41. Sm
~ . Non-gated weir: , - 80mlongat EL. 555 m .
Chute: - o L0 60m wideand 4.7 fo 5.2 m high wall
T '-7 175 m long and bed level EL 354m

~ Gated weir: ;'

o Plungc pool

DWG C09 gwes plan profllc and sectlons of thc splllway

- The followxng dcscnbcs spec1fic cons&derahons rclaled to the splllway

componenls, (i forebay, headworks chute and plungc pool) but it must be -

Es E :: s .' ' -_'notcd that d031gn of the splllway is subjccl to, hydraullc mode! 5lud1es whwh will -
o . 'be conducted in thc next phase of the project activitics. ' o -

oeT



‘The forcbay 1o be provided in front of the spillway headworks functions to lead
flood discharge smoothly to the overflow weir of the spillway The bed
cxcavahon level was set at EL. 531.5 m, 10 m lower than the gated ogec crest
EL. by which the approach vc]ocnly is less than 0.4 m/s. '

Hgadmks;

- The hcadworks consisting of gatcd and non galcd porllons work o conlrol '
- flood dlSCh"ll’gCS and ensure dam safety to releasc PMF at maximum. l‘he gate
poruon is EL. 541.5 m at crest and cqmpped with 4 scls of splllway galcs 15.5 |
m wide and 18. 4m hlgh “The upstream face of the weir at the gated porllon is
inclined at a slope of 1 (vertlcal) 2/3 (horizontal) to max1mize the ovcrﬂow
dlschargc coefficient. I'he non- gated portion has 80 m long overflow weir with
.~ the crest of EL. 555 m. R T S

' _At PMF 'wnh the reservoir water levcl of EL. 561 3m, dlschargc capacnly is
12,300 m¥s for the gated portion and 3, 100 m’fs for the non—galed portion as
: lllus!ratcd in Figure 8.2.2. 'The ratio of the dlscharge capacniy of non-gated

poruon is 1:0.25. - The flood control operalion will be made by use of both lhc' o

gfucd porllon and non gated pornon _

Thc spjllway chutc convcys ihc dlscharge rcleascd from thc reserVon'
‘downsircam smoolhiy The chule width was dcc:dcd to bc 60 m con51dcr1ng
' '_ the width of lhc plunge pool \Vlthoul dlslurblng the surroundmg rwer banks.

- The chute is mamly divided into upper parl and lower parl lhe former is 1:6. 5 in

bed slope and 4 7m in wall height and the laltcr is 1: l 7 in bed slope and 5.2 m _

_in wall heighl The des:gn dlscharge is a 1,000-year probable flood outflow of = - i

3,800 m’/s. PMF outflow of 15,400 m”ls is also able to be convcyed wuhoul
_' ovcrlopping from the chute wall. In the chutc aeralors are to be prov1ded for _
prcventmg from erosmn due to cav1lauon on the chule ﬂoor i

; "Fhe dcmgn dlschargc is 100 -year probable ﬂood oulﬂow of 1 900 m/ ~ The -

' water]ct Jumped from the flip buckct reaches around 310 m dlslant from thc ﬂlp'_'
- bucket when 1, 900 m’/s is dlschargcd The lenglh of thc plunge poo] was sel al .

- 175 m, the bed level is excava(ed down to EL 354 m
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