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River Outlet

River outlet was designed for the purposes of: _

a) felcasing water rcqaired for irrigation and other water supp]y needed
downstream of the Munda Dam when power gencrahon halts for somc
reason, ‘

b) releasing water required for irrigation and other water supply durmg
impounding of the Munda reservoir after closmg the last diversion tunnel,
and .

c) lowering the reservon' waler level below the ogee crest of thc gated spxl]way

in case of emergency

'As menlloned earller ihe river oullel facilities were planned to be prov1ded in

and by rcmodehng the lefi dlverswn tunncl In order to mecel the above

b reqmremenls the nver outlet should have an mdependent mtake from the
VHleCl'SIOIl turmel at a higher elcvallon than the assumed sedlment level in the .
'reservon' The intake is to be connccted 1o the tunnel by a verucal shall.

Dlameler of the verllcal shaft was dec1dcd to be 4. 5 m lakmg into aecounl a

- discharge velocity of 5.0 mls in_the shaft and the cxpected maxlmum
__downstream waler rcqu:remenl of 80.6 m*fs, wh:eh would happen in June. The

velocity of 5.0 m/s is consxdered a maximum allowab]e velocuy in the concrete

condml in normal case

r'The river outlel facnlilles are aceommodated in a galc chamber arrangcd in the -

left diversion tunnel and at a higher e]evallon than the maxlmum water level of -

. the re—regulatlon pond so that the relevant slruetures are always kepl dry On
L the other hand, the outlel invert of the dlversmn tunnel cum river outlet will be
' set at an elevatlon close to that of the right dwersmn tunnel so lhat structural

confi gurat:on of the sprllway fhp bucket and lhcsc oullel slruclures can be made :

' easﬂy

; Aceess to thc gate chamber is vra a shaﬁ cons{ructed ]ust downslream of the dam

' - axis. Becausc of hlgh ‘head of 170 m, two scts of slide gates were demgned

‘eaeh belng housed by sleel boxes with upslream be]lmouthed conduits and

dcwnslream walerway bemg stecl lmcd by IOOm in lenglh for protecting

- concrclc surface of the tunnel from thc crosmn due to hlgh velocity jCl ﬂow

L Thc followmg summanzes the general conf‘ guratlon of lhc rlvcr outlet famhnes

: i"__lnlake SR Mormng glory lype R
©o Crest level ofmlake . 7BL.480m " L
“ Shat: o 45min dlameler and 100 m deep

~ Gate chamber e 7 m hlgh and 10 m long
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- one is ahgncd at the lefl bank and the other at the rlghl bank.

Gates:
Upstream steel liner:

2 scts of guard and service gatés,
Two lanes of steel conduits with a bellmouth

inlet
_ Downstream steel liner: 100 m long
" QGate boltom: EL. 383 m
- Invert level at outlet: EL. 370 m -

DWG. C04 shows the detail of the rivor outlet,

Powcr Walcrway -

' Therc are scveral altcrnatwcs conccwable as to lhc la)oul of powcr walenway:

Ifthe walerway is
shorl surgc tank may be omitted and hcnce wnh or wnthoul surge tank will be

the alternatives. In the Pre-F/S repori, an a]lernalwe io havmg walcrway at the

- right bank with surgc ‘tank and the use of dlvcrsron tunnel was selecled. Aftcr

sCruimv of all the other altcrnalwcs thc followmg four allemauves were kept for

: CCOHOIT] lCﬂ] comparlson

C'ise 14 waterway with a surge tank on thc rrghl bank

Casc2 watcrway wnlh a surge tank on the nght bank uulumg a dwersnon
" tunnel (when one of the river dwcrsmn lunucls is to be allgned on lhe
. right bank), : T
' _ Casé__3 watcrway without a surge tank on the rlghl b'mk and _
~ Case 4: waterway wrthout a surge tank on the lefl bank (whcn one of the 1 nver

B dwerswn tunne]s is to be allgned on the right bank and there is an -
- enough spacc for thc powcrhousc on the left bank) '

hc plan and proﬁle for cach casc are shown in Flgure 8.2.3. The fealurcs and
related conslrucuon cost of !hc waterway ahernatwes are labu!ated below '

I«eaturcs and Construcuon Cost of Wa(erway A_I(ernati\'es .

" Case d

8-10

- Case 1 " Case2- | - Casedl
Headrace tunnel | 490mlongx |  49mleagx | - 190mlongx | 250m long x
S 12.0m in dia 12.0m in dia- 12.0m ia dia 12.0m ic dia
Surgetank .~ | 68mbighx | - 68mhighx - - Noue " Noae
L 15-25m in dia 152Sindia | = - S
{ Penstock tiner ~ | - 2lamesx .} 2lanesx | - 2lages ¥ 2 lamesx -
I - 520mlongx | 6l0mlongx -| 840mlongx [ 360mlongx .
: - 1.4m in dia 7Amin dia 74min dia _T4mindia
Pressure rising .68m (35%). $2m (43%) |  148m (77%) 79m (40%) .
Use of diversion Noae 3S0mlong < | . Nome - ! None '
tupnel LT RN
Related ~ US$ 41, S US$ 744 T USS 1058 | US$ 49.4
conslruction cost million " million - millien -- million




As shown in this table, Casc 1 is thc most cconomical onc among the
alternatives.  Therefore, the alternative Case 1, a waterway wnh a surge tank
_ 'allgncd on the nght bank, was selected.

Alternative study on thc powerhousc type was further made concentrating on its
allgnmem al the right bank, which is either an open-air type or an undcrground
type. - Figure 8.2.4 represents these allernatives,  In case of ihe underground
powerhouse type, the \valerway has an advantage of shorler pcnstoék that is a
major cosl component, compared with that for the opcn air powerhouse type
watcrway However, the comparatlvc study shows that cost of the watcrway
~ with underground powerhqusc is 1.3 times higher t_h;m that of the open-air
powerhouse. Therefore, the whtcrw'.va'y'wilh the open-air type powerhouse was
chosen. - ' ; ' '

The poxsicr i[.il.aké '\'vas dcsigned under the inflow velocity c;o'ndiiibn'of 1.0 m/s to
: avoid 1nlru510n of alr and lrash into lhc mtake and lo mlmmlze lhc mtake head

L loss

, Q . Di [ Headrace T l
Opumum (llamrtcr of the hcadrace lunnel was exammed through companson of
~ the sum of annuallzed construcuon cost, mamtenance cost and energy loss for
“the allcrnallve dlamctcrs ranging from 10.4 m (vclocnly of 6 m/s) to 17.9 m
| : (vclocaly of 2 m/s) for one lane oplion and from 7.4 m to 127 m for two lane
~ option. Flgurc 8.2.5 illusirates rcsulls of the comparlson which shows the
' lowcsl cost for the dlamcter of 12 m of one Iane Thus, the d1amc{er of the
hcadrace tunnel was dccnded to be 12 m as thc opllmum for one lanc, 'I‘hc
. velocny in the headrace Iunnel of 12 m in drameter is calculatcd 1o be 4 5 m/s

The surge tank was deSIgned applymg the rcs{rlcled onflcc typc Wthh is -

o 'gcnerally the mosl economlcal type The followmg are main fcalures of the

surge. fank dCSIgncd bascd on lhc surgmg calculalmn rcsu]ls glven in

:.'_'Flgur6826

' Orifice diamcter e 7am
~ Diameter of lower chamber: -~ 15.0m
. Diameter of uppcr chambcr: o 250m _
Up—surgc level: U BL.S6SOMm
ADown surge levcl. AR EL. 5032 m

s
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Optimum Diameter of Penstock

Oplimoni diameter of the penstock was s_iudic_d_ in the same rnann_c_r as that for
the headrace tunnel as shown in Figure 8.2.7. 'Two lane penstock was designed
rn, order to reduce the risk of damage on the penstock. - The diameter
allcrnatwes range from 6.8 m (velocity of 7.0 m/s) 10 9.0 m (veIocrty of 4.0 m/s).

The opllmualron siudy led to an optimum diameter of 7. 4m with the velocity of
6.0 m/s. . E

' DWG. C10 shows the walerway.

Power Stahon

" The nvcrbed gradrent of the Swai bel\\ ecn the \/Iunda Dam site and the exislmg

Munda Headworks is approxrmateiy 1/2,500 according to the cross section ~
survcy rcsults and water surface is around 1/1 000 accordmg to the non- umform
flow calculatlon resull Under thcse crrcumstances extensmn of waterway

: towards downstream 1s not consrdered rcahslrc to allam morc watcr head for
‘ hydropowcr gcneranon “Location of the powcr station was, thercfore selected
. just downstream of the main dam S '

As stated in subscclron 8. 23, itis mapproprrate o locale lhe spﬂlway at the rrghl _

bank because of the existence of dcep gullies. It is also difficult to locate the

spillway and power stalnon at the left bank as the arcas are 50 congested For -

7‘ these reasons, the power slatlon was con51dered prcferable lo be at thc rrghl
- bank. ' . o B

' Accordlng to the devclopmenl scaIe oplnmzatlon sludy, thc mslallcd capacrly

was 740 MW in total consm{mg of4 umls of 185 MW/umt capacrty

.Ground lcvel of the powerhouse was decrdcd to be EL. 383 m con51dermg lhe :
flood water leve} of a 10,000-year probable ﬂood and max1mum waler lcvcl ot i

the rc-rcgulallon pond -DWG C11 shows detall of the powerhouse o

Outdoor swrtchyard and GIS were compared in lerms of economy The
| comparrson revca]ed that outdoor swrlchyard is cheaper by 20% lhan GIS v

Therefore the ouldoor swrtchyard was sclccled

Re-regulalion Weir
The function of the re—regulalron weir is to store watcr released from thc powcr

statron during the peak generatlon for 4 hours a day, and to regulale lhe river .
ﬂow releasmg the stored water conslantly downslrcam thc wcrr . '

S8




~ Apossibility to use the existing Munda Headworks as the re-regulation weir was
¢xamined through the ficld reconnaissance and review of the drawings collected.
- It was concluded that the alternative to use the Munda Headworks is technically,

" economically and environmentally not feasible and was discarded for further

scrutiny. The l.nain rcasons were:

a) Foundation condition on which the Munda weir is found is not sure and no
detailed drawings are available. Howcver according to rough assessment,
the weir would not be tcchmcally bearable for the heightening of 10 m, iec.
cannot be economlcally heightened. ‘

'b) During re-modeling of the weir together with new intakes of LSC and Doaba
~ canal, it cannot be guaranlecd to secure the constant supply of irrigation
" water because ofi its comploxny '

c) Qulte ‘a number of people seuled and unscttled will be subjcct to

_submcrgence hencc lo be resettled !0 lhe other locations. '

- The best location of lhe re- regulauon welr in addmon to the Munda Headworks
is discussed in this subsccllon : '

L The storage volume requlrcd for thc re- regulallon welr is calculated to be
o approxnmatcly 7 million m® based on4 hours of pcak operallon in a day. The _
© following two weir sites werc identified besule the cxtslmg Munda Headworks

. lhrough the field reconnalssance'

- For these two' sxles a comparatlve sludy was camcd out

SnleA 3 5km downs{ream from the proposed Munda Dam a axls .
Sn- B: 4 3 km downslream from the proposcd Munda Dam axis.

These sites are shown.
in Flgurc 82 8, where thc ]ocation of the cx1slmg Munda Headworks is also

rcpresemed as Site C for reference.

" According to the cornparatlvc sludy, the
respectlve snles havc the followmg featurcs : '

Features ofRe-regu!atlon ‘YCII' at Sltes A B and C ‘

: L _ Site A Site B - Site C
Maximum water level (ELm) | © 3818 Y Y
| Maximum reservoir area (km’) 070 ©0.96 1.13
Crest length (m) - 310 - 400 970 -
Weir height (m) 22.5 ' 150 12.5

' Slte B wﬂl submcrgc thc cxnstmg vnllagcs [hus bemg probablc to induce serious
Thcrcfore Sltc A was selcctcd as the re- rcgulauon weir -

' enwronmcmal 1ssues
: s1le

sz
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The re-regulation weir will function to regulate the peak power discharge during

- the normal condition and release floods safc]y at the flood condition. The
design dlschargc for the re- rcgulauon weir was decided as fo]lows

1) Releascd dlschargc : 81 m’/s (- drsch'lrgclscc of 4-hour peak dlscharge)
2) Flood discharge - : 2,420m"s (= 200 ycars probable flood outflow)

The maximum waler Icvc! in the normal condllron and flood watcr level were
estimated to bc EL.381.8 m and EL.372.2 m, rcspeclrvely

The rc-rcgulatron weir was consrdcred o bc cqurpped wrth a numbcr of galcs
. bcmg subject o its opllmrzauon Opcrallon rule will be such thal durrng the
: _l‘lOl‘ﬂ'l'll condlllon, several gates will be opcncd to release the storcd water

constantiy, when floods occur, the oiher gates will also be opcralcd depcndmg
on the magmludc of the floods. -

' Two alternatives of lho rc—regu]ation weir were compared; one wasa curlain wall
- . typo with radial 'gat'cs on'cl the another was a full radial g'alc'ly'po as presented in

: Plgurc 8.2.9. Cosl cornpanson revealed that the full gate type is by around

20% expenswc m construction cost over the curtam wa]i lypc 'lhcrcforc the
o curtaln wall lypc was sclcctcd ’ ' '

_Frgurc 8 2,10 1lluslrates resull of thc oplrmrzalron sludy for the number of gatcs
for the re-regulatron weir. The optimum number of gates is 7. Thc width and
'f hclghl of lhc gate are 80 m and 11 7 m, rcspcclwc!y The dclarls of the re-
- rcgulatlon wcrr are shown in DWG. Cl2

Since watcr ievel of the re- rcgulatron weir fluc{uates 17 m every day, a parucular
- cauiron for drsscmmatron of tho people and/or their cvacuauon silould be takcn

Hydromcchamcal Works

Thc followrng hydromechamcal works are rcqurrcd for the \dunda Dam and-

. reservorr and for hydropowcr facrhlles

Dwersmn tunncl Drvcrsron gatc - Sllde gato span 6 0 m, herght 12.0
- R S m, 2sels,
. Spil]Way - SpillWéy gatc_: . Radial gate, span 15 S m, helghl
L 184 mdsets, s -

R © - Spillway stoplog:  Span 15.5 m, 4 sels, ganlry crane

- Waterway - Trashrack: =~ = Span 8.0 m, herghl 23.4 m, 3 sets,
IR o Intako'gaté: S Fixed wheel gatc, spzm60 m, herghl

R 120m 2se{s '
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~ Penstock steel . - 7.4 mdia., 520 m long, 2 lanes
liner: o
Draft tube gate: Slide gate span 5.6 m, hcnghl 5. 4 m,
' ' 2 sets, gantry cranc,

River outlet Trashrack: . Span 6.0 m, height 12.0 m, 2 sets
~ Diversion gates: Slide gate, span 6.0 m, height 12.0
: _ m, 2 sels, :
Trashrack: ~ Span 5.8 m, height 2. 4 m, 6 scts,
Outlet gates: - High pres_surc slide gate, span 3.0 m,

: _ : ~ height 3.1 m, 4 sets,
Downstream steel . Span 6.0 m, height 3 1m, Icnglh

: : -+ liner: - : - 100m,

Re-regulallon Re-regulation gate  Radial gate, span 8.0 m, hmghl
welr 1T m, Tsets,
‘ R Re-regulation Span 8.0 m, 7 scts, ganlry

~ stoplog
84 . Electrical Works
~84.1 .Gcncrfitlng Equnpment

. As menlloned in Subsccllon 7. 2 3, lhc Munda power slailon wﬂl be opcmtcd asa
' pcak power station with normal pcakmg durallon of4 hours per day T hereforc,'
the lurblnc gencralors are to bc demgncd for this operatlon mode of powcr

. slatlon

" The b"iSlC hydraullc condluons for :hc generatmg equipmem are summ'mzcd '

~ below: o o |
- Full supply water ]evel of mtakc reservolr : ' El 555 m
2 Lowest operating water lcvc] R o -:__El_Sl(_) m
- '_Tali watcr level at plant discharge . e E] 369m
.- Tail water ]eve] at one unit operatlon ' el : Bl 367 m
e Tallwater]cvclalno flow oo _ EE1364m )
R Max:m_um_head R g E R “i-1_8'6.0;m
~ - Minimum head - S 41om
S ';'-Ratedcffecu\f'chead el T _ ._ £162.5m .
. - Maxnmum plan{ dlschargc ST $505 m’/sec

Thc tota] ou{put of thc power stallon is dclermmcd at 740 MW (four umls of
- 185 MW) as menlloned in Subsectlon 1.2, 6 o ‘ B



(1) Number of Units and Unit Capacity - .

Number of units and unit capacnty of turbmc gcncrators of the power station are
to be dctcrmmed taking into account the fo]lowmg faciors: '

- The total outpu{ of power station is 740 MW and the power slation will be

~ operatedas a pcakmg station with daily pcak duration of 4 hours. :

- The averall constructton cost of a hydro power station of same outpul
capacily dccrcascs with decrease in number of units; from thls vxcwpomt the
number of units can be reduced up lo two. '

- Due to limited avallablllty of river flow, the powcr statlon needs to bc
opcrated under partial output in dry season.

~  The limit of transportatlon weight on the access road w1|l bc around 90 tons

' accordmg to past examples. - The ]argest unit size in the Gcncratlon
Dcvclopmcnt Pl'm is not largcr than 200 MW in the surroundlng area.
- Operatlon ﬂcxnblhty and influcnce to the power syslcm in case of the
' scparallon of onc unit. The normal lowesl llmlt of Francis furbine opcratlon
is 4010 50% of the rated output dcpcndmg on thc duratlon of opcranon

Taklng 1nto account these factors as s well as thc rcsult of comparatlve study made
in Chaptcr 7, it was dctermmcd that the powcr stauon IS to be provndcd w1th 4
~ units of 185 MW water turbme gcnerators o '

Thc ratcd output of water turbmc will bc 189 MW takmg 1nto account the
gcncralor cﬂncncncy of around 98% at full output '

(2) Watcr Turbmcs

fl')!pg Consndcrmg thc workmg hcad and uml capacny, the wnter turblncs of this -
power statlon will be of vertical- shaft Franc:s type - :

'Qﬂ:ﬂQachapaﬁL): The water turbine wnil bc su1table for operatlon at over load
larger than the rated output whcn the workmg head 1s hlghcr than the rated hcad
Of the WAPDA power stations, the overload capacny of thc T'trbela turbines is
110% and that of the Mangla turbines is 115%. Refcrrmg also to examplcs in -
various other countries, the overload capacnty of the Munda turbmcs is selccted S
at 110% o B : ' o

. RQ_Lalmg_spE_d Refcrrmg (o the uppcr llmlt of turbmc spcmﬁc spccd of the _' .

selected water turbine in various standards the specd of turbine gcncrator is '

selected at 187.5 rpm in the spccd class of 50 Hz gcncrator whlch corrcsponds o
to turbmc spccnﬂc spccd of 140.4 m- kW ' : :

B 8~_16 .1. e




: Spﬁigmmﬂm An clectronic PID governor system will be provided for speed
control of each turbine. The governing systcm will be connected to and be
{ully compatible with the power station control and monitoring cquipment.

Inlet valves: A butterfly valve will be provided to each turbine to open and close
the water flow into turbine.

3 Generalors

Type: The generators will be vertical-shaft, AC 3-phase synchronous generalors
of revotwng field and scmi- umbrella type to be operated drrectly coupled with
the above water turbines.

_ unmoatpateapaertx The unil capaerty of generator will be 220 MVA based on
unit power output of 185 MW and power factor of 0.85. that is suitable to
: generate 110% overload power under power factor of around 95%.

| Rﬁte_dJLQILage The ratcd voItage of the generator is tcntatrvely seiected at'
13, 2 kV, which is wrdely applicd for this output class of generator

Bnted_spe_c_d Accordmg to the speed limit of water turbme the generator speed
is selected at 187.5 rpm ‘of the 50 Hz system ‘The number of generator
magnettc poles eorrespondmg fo ihlS rotatmg specd is 32

| Exs:lt_almn_sxstem The statre exertatton system to provrde generator excrtatron
'wrth a set of thyrrstor rectlfiers will be app]red to the generators An automatic
" voltage regulator (AVR) will be provrded to regulate the generator terminal

T voItagc and as well as the 220 kV bus voltage :

- (4) Step—upTranstormers ;

‘ The main transformcrs to step up the generator voltage of 132 kv to the
' _transmrssron voItage of 220 kV wrtl have 220 MVA capaerty, same as the
i generators, ' : :

,The 3- phase transformer will consrst of 3 smgle-phase units to reduce the
'transportatron werght of 3- phase transformer to the srte = :

| (5) Control System

A computer-alded Drstrrbuted Conlrol System (DCS) wr!] be appliecl for

s supervrsron eontrol and protectlon of the power station. Alt these funetrons '
L _'wﬂl be aliocated to computer rmnaged ]ocal control centers for cach unit of
o water turbrne generator auxrlrary power system outdoor swrtchyard sprllways

. These e_ent_ers_wtll be interconnected with ea_ch other and with thc_ station
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conirol computer and central system by means of data communication link.
The connection with the lmd dlspfrlchmg center will also be maintained.

Normal power station supervrsmn and control is performed in the central control

- room." For equlpmenl a(ljuslmenl and test, local control s pcrforme(l at the

local control centers.  The control of important equipment will be possible also
from the load _dispatclring cenler.

- (6) 220 kV Ouldoor S\Vltchyard

. The 220 kV outdoor swrtchyard to connect lhe generator circuits with the

transmission cucurls will be located on a hill Iop lo the baeksrde of the

: powerhousc

' The swrtchyard wrll bc of open outdoor construction wrlh double bus bar. The -
E swrlchyard will have 7 crrcurls 4 circuits for the generalor c1rcurls 2 for
outgoing lransmlssron llne and one for the bushe circuit. ' '

Thc control of swr(clryard equrpment should normally be performed from the
powcr station main control room, but local control from the swrtchyard contro]

~ room wrll also possrble as menlroned in Paragraph (4) above '

' (7) Overhcad Travelhng Crane : '

_The maxlmum hflmg welght of overhead lrave]lmg crane wrll be 450 ton, Ihe

- welghl of gcncralor rotor‘ Thc heavy rtems of the power station wrll be lifted

7 _ wuh two eranes of equal capacrly, 2 x 225 lons, using a llftmg be'rm Thus,

8.4.2

k' For sending out the power statron maximum oulpul of 740 MW over 30 km _

wo erectron works with relallvely small lrflmg weight wrll be able to be :

performed by parallel operalron of two crancs.

' (8) Overall Syslem Conncctron '

The overall connecllon on the powcr slauon is presenled in Frgure 8 4 1

- Tr'msmrssron Lme 'md Subslqtmn

(1) System Conneclron

,_dls{anee, 220 kV will be as the most approprlale transmrssron voltage as referred_
to many- examplcs in southeast Asran -counries. The 500 kv lransmrssron is
.- suitable to long dlstanee transmlssron of large power for mslance Iransmrssron _
of lhe Tarbe]'\ power to Lahore and Gau] Adoptron of the 500 kV lransmrssron :

: klo the Munda pl‘OjCCl wrll resull in very h'gb cost as explamed in Appendlx D10
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'There are scveral alternative plans for the 500 kV system, but its construction
cost is at least 2.4 times of the proposed 220 kV plan to connect to the New
Shahibagh substation. : :

In the surrounding area of the Munda power station, there are 5 220 kV
substations including existing and planned ones; the existing Mardan and
Peshawar S00 kV and the planned Shahlbagh Nowshera and Charsadda with
relalwe locations shown bclow‘
' | To Mansehra SS ATo Swat B1 PS
o [:j MundaPS .,..g "_'

gus?®

O Charsadda SS  Mardan SS To Tarbela PS

L Shahibagh 8§ _Fo Tarbela PS

— ey
Peshawar city - Nowshera S8 To Ghazi Barotha PS

Peshawar SS _ _ A S
Nole: e  Bxisting S00KVline  sssesessesses  Planned 500 kV linc
_ X Ex1sl|ng 220 kV line _' e, Plannied 220 KV line

Figure 8.4.2 o Relati\e Locatlon ‘of Munda s and Subslallons '

. The New Shahibagh and Charsada subslallons are nearer to lhe Munda power

| station compared wnh the other three substatlons The site of the Charsadda _
'subslatlon has not yel been selecled, but dlstancc from the Munda power station
o these 2 substations is almosl equal, 25 to 30 km. Whrle lhe distances to lhe
exrsung lwo subslatlons and fo the Nowshera substatron are much longer around

~ {wo llmes To recewe all the Munda powcr at one of the existing substations,
B bus modlf:catlon will be requlred to mcrease the power lransfer capacily.
While, new substal;ons can be de51gned lakmg into aecount lransfer of the largc '
Munda power. B SRR N '

.Peshawar cily is a large power demand cenler and lhe Munda power wril bc e

' eonsumed moslly in the Peshawar area . The New Shahlbagh Subslatron at the
northern suburb of Peshawar and nearest to Munda is consldered as the mosl
'fappropriate 220 kv subslatlon to connect “with the Munda power stallon

o Available land for conslruclron of 220 kV imee to the New Shahlbagh Substallon _'

s is llmrled and it is necessary to allocate line routes for conneclmg |ransmlssmn )
L _]mes lakmg mto account the hne frOm lhe Munda Power Statron o



The northern 500/220 kV sysiem connection in 2010 is shown in Figures D9.1
for the S00kV system and D9.2 for the 220 kV system of Appendlx D9,
Transmission Syslcm Analysis.

(2) 'I‘ransmnssnon Line

The 220 kV transmission line bclwccn the Munda powcr slalion 'md the New

Sh'{hlbagh subslation will be a double circuit line with 2-bundled Rail
~ conductors with particulars mcmloncd in Appendlx D10. The safe transmitting
power of this line under smgle circuit opcrallon is around 700 MVA, and
satisfies the ‘N-1' orllerfa of system reliability. The influence to the national

 network due to loss of one circuit of transmission linc is not larger than the loss

of one gcneralor or transformer of the Munda power station, and thc ch‘mcc of :
one circuit scparation w:ll be rare as cxplamcd in Appendlx D10,

.' .(3) Reccwmg Subslahon

 The rcccwmg subslauon of the Munda power w1]l be the New Shahlbagh
subslahon, o bc conslruclcd in the norlh suburb of Pcshawar '

(4) Lme Prolecllon -

The current dlftercnual protccllon Wll] be apphed to lmc prolccuon as thc mosl

' rchable pramce currently employed world- w1dcly for important transm1351on e

© lines. - Duplicate system (two systems ¢ of main relays) will be employed for the

' plaﬁned important lines. The optical system is required for data transmission of -
lhispr.otccli'oli.* ' LR e '

" In case lhat' the optioaluoo'nimunicalion ‘syslen'i is not.'provild.ed oh the

' transmission hne the normal carrier- alded dlslance prolechon pracuce w1]l be"_

B apphcd instead of !he abovc current diffcrenllal prolcchon ' '

' The distance prolectxon systcm wnth the faull localmg funcuon w1|l bc prowdcd
- for s{andby prolecuon - : o

(5) Transmlssmn Syslcm Analysns

lt was mlcndcd to dclermme ‘the mclhod ot lransmlsslon lme connecnon
_ accordmg 10 rcsulls of transmlssmn systcm analysns Thcrcfore transmlssmn_
_ charactcnsllcs wcre comparcd for conneclxons to the New Shahlbagh substation

" and to ihc Charsadda subslanon, usmg the PSS/E soflware of PTI Inc. of USA‘

E . for power flow analysm “The dclalls of analys;s are mcludcd in Appendlx D9
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1) Studied transmission system

The 1ransmission sysleni behavior was aualyzcd for the 500/220 kV
transmission system in 2010 just afier the Munda project will be
commissioned. According to the generation development plan prepared in
NPP in Appendix D6, the syslcm conditions for analysis were decided as
follows: _
- All the hydroelectric projects in the northern area in the Generation
"~ Program for the Normal Growth Scenario, which are planned to be
: complered priof to the Munda project, were taken into account.
Transmission lines to connect the national grid with all major power
stations were also taken rnlo account.
- The northern transmission system |hal covers up to lhe Galu and
| Lahore substatlons_ was analyzed. Power flows in and out {from these
wo substalions were substituted with equivalent toads. |

| 2) Conlenls of analysrs '

The power flow analysrs wrll be carrred out for lhe (hree conceived
altcmatlves mentroned below for thc cases with and without Munda ouipul
wcre analyzed _ . -

: 'Case 1: Connecllon to the 220 kV bus of Shahlbagh subs{atron : 3

Case 2: Connecllon to the 220 kV bus of Charsadda substatlon

'Casc 3: Connecuon 16 1he 500 kV bus of Charsadda subsiatlon

' For the Charsadda connectlon cases the Charsadda subslatlon was assumed

10 be exrstmg for Munda connection.

' Parucu]ars of analysrs are shown in Appcndrx D9.

L 3) Resulis ofanalysrs -

7 ~ No problems due to connectlon of the Munda power slallon were found in
the transmlssron syslem for lhe selected three alternatives. Al all the'_'
'pomls of lransmlssron system, both power flow and sys{em voltagc are
- wrlhm normal ranges. Howevcr the fo]lowmg are noled from the analysrs
o rcsuIts ' _
The generalcd power of lhe Munda power siauon wrll be consumcd in
the Pesh‘iwar area, al lhe New Shahlbagh and Nowshera substatrons

' In case that lhc Munda power station is connecled o the Charsadda
"subslalron lhe powcr ﬂows to Shahlbagh through Charsadda
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- The power flow on the Mansehra-Charsadda scction is too little to
justlfy construction of a 500 kv systemn by 2010

T he rcqulrcd rupturing capacity o220 kV circuit breakers in the area is not

much as large power stations will be connected through long transmission
- lines, -The present standard rupturing ‘capacity of 31.5 kA will be

sufficient to all 220 kV circui break_ers related to the Munda project.

(6) | Conclusron for Tr’msmrssron System Seiectron

The connectron to ihe New Shahlbagh substatron with a double-circuit

~ transmission line with 2- bundled Rail conductors is judged as the least cost and

most approprlate p]an satisfying tcchmcal rcqu}rements as detailed in Appendlx

: Di() Transmrssron System Study

' --(7) Commumcatron System

" The Munda power slalron is an 1mportant power station for the power system

operation, Therefore, a hlgh speed and relnble commumcatlon system is
 required for power station operatlon and line protectron All ma]or power

* stations need to have stable commumcatron paths w1th the national load
' dlsp'rtchmg center '

" -Thcre isa proposal to pr‘ovrde lhe optleal communrcatlon syslem on the 220 kV '
linc in the section of Ghazr Barotha-Nowshera-«ShahlbaghﬂPeslra\var as
- mentron..d in Subsectlon 4.57. 1In addltlon, the 500 kV Manthera—(uarsadda
B system will also be prov:ded with the optrcal commumcatlon system Thesc
optical syqtems are to be extended to the Munda power station through OPGW -

on the 220 kV hne or other means

X The PLC system will be provrded on the transmlssron hne for standby duty of
- the optical systcm The frequency allocatlon for the PLC system m the
_ Peshawar area is very congested ' C

-The radto system for emergeney and mamtenanee eommumcatlon w1ll be
: provrded with UHquplex or VHF mmplex commumcatlon syslem _'

Irngatlon Facrht]es _

Basw Concept for the Feasrbllrty Desrgmng

Irrrgatlon facrhtles for the New Irrrgatron Scheme of the Study lS to be dcs:gned L 7
7 “as an newly estabhshed syslem The lrrlgatron system should be desrgned as - L
' bemg func{ional to apply demand base 1rr|gat10n on the assumptlon lhat lhe




proposed irrigation development plan can be realized.  Layout of the irrigation
system will take into consideration the deployment of beneficial farm lands and
location of rivers and water courses so as to apply proposed on-farm

o

- development system.

8.5.2  Feeder System

As studied and concluded in the Development Layout Optimization of Irrigation

Facilities in Chapter 7, a tunnei system in left bank area and a lifting system with -
pump in right bank area are sclected for the feeder sysiem. Layout of the -
proposed fecder system are shown in DWG. 101, 102 and 103. Dimensions of
proposed feeder systems arc as fo]lows '

Dimeusions of proposed fceder systems . -

Left Bank Irrigation Systemy -~ | - Right Bank hrr |gallon 5yslem

Tupael Type: -~ Circular shaped cross . | Pump Type: Vertical Shaft Mixed
R scclion non-pressure tunmel | - . Flow Pump

Excavated Dia.: 240 m (8.0 feer) | ActuatHead: = = 14.0m (46.7 feel)

Finished Dia.:  © 2.20m (733 feet) - | Total Iead: © 18.88 m

Length : 4,950 m (16, 500 feet) - { Low Sanction Level: -~ = EL366, Om

Longit. Sfope: .~ 172,000 : Pump Number: 4 nos.

Discharge: 4. 391m’!sec (155 0Cs. ) Discharge: 2204 m'fsec (77 9Cs. )

Design Water Deplh ST L83m - f Bore 0 - 500 mm i

Discharge Level: hL466.0 m Pump cutput: . 200 kw

Intake Level: - EL4700m N L

8.5.3 .. Main Canal and Distribularies System
T (1) Mam Canal Systcm : | 7

‘ Mam canal is app]led as an open channel wnth concrete lmmg Allgnmenl was o

: made opllmum in conslructlon cost covermg all bcncf cml farm lands by gravity.

Lo Many related s{ruelures of main canal such as river crossmg bndge turnouts are

_ required to be mslalled Sahent fealures of mam canals of Ihc Pro_;ecl mcludmg
. _numbers of sevcral reiated s{ruclures are as fo]lows co B :

o . - Salient I‘eatures of main canals g o
Leﬁ Bank Irrigation System - Right Bank Irrigal:on System

- Maximum dlschargc 4391 m’fsec Maximum discharge: 2.204 m¥/sec
“Length: - 0 13,950m - ¢ | Leasgth: 0 12,900m
. Bed siope Coo 14000 0 ¢ | Bedslope: - 14,000 ]
Sideslope: . lLs - | Sideslope: S ils
(Refated structuges) .- -~ . 2| (Related structures) 7
- Super passage: | _4no_s. O » | . Super passage: . 3mos,
. Nalaculvert: . - 34mes. - . - | Nalaculvert: . 36mnos.
N 'Canalescape ¢ 3mos.” . | Canalescape . d4nos.
@ S| Bridges 7 o 26mes, . 'L {7 Bridge: 25 nos.
g S| Offiake: o dmos. o o0 | Offiake: oo 0 Smes.
"Mogha: - 2mos. 7. Mogha: -~ - QOno.
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Structures of main canal and those rclated facilitics arc shown in Appendix E.

(2) Distributaries System

Canal water shall offiake to distributarics at the rcqurrcd points. Layout of
distributaries will be taken in consideration with deployment of bcncflcral farm
plol_s and location of existing waler courses so as to supply irrigation water by
gravilly. Fealurcs of distributaries of the Project are as fo]lo\srs: ' '

. Features of Distributarics

Name -~ Command Avea (ha) | Discharge (m¥/s) "' Length (nm)*
(LeﬂBankArea) _ e AT S
bl 1,750 . ' " 1.890 8,400
D2 . 525 - 0354 ' 4,500
D3 850 ' .40 6,800
: D4 . ' 450 - 0486 2 900
(Right Bank Arca) S ' ) e - E
R ) | 355 0.382 DR B 1450
D2 . 253 0273 -~ 1,400
D3 ' o218 0232 F 7 600
D4 _ - 815 0 L 0879 0 2,150
DS - . 0437 0 1,950

*:This includes a length of minor canal.

Structures of dislribn'lary'andithose roi_ated faci]ilics_ are shown in Appendix E.

On-Farm System

' Gcnoral layout of on-farm development is shown - in Appcrldix E. Diverted
. irrigation water at the mogha flows into ‘main watcrcource, and then is
~introduced to cach field at pucca nacca. Command area of the mogha is

~ subject to the capacrty of the moglm C'lpacuy of main watcrcourse should bc

smallcr than 2.5 - 3.0 cusccs 50 thal farmers can casrly do walcr managemenl by

: themsclves The Command area of mogha at the CCA basc is, lhcrcfore'

| decrded al 280 acres (113 ha) al besl applymg specrflc pcak dlschargc for - -

E mrgatlon of 11. 15 cusecs/l(}’acrcs

_Along lhc main watcrcoursc 1mgahon waler drvcrts to several walercourses
' Command area of mogha is drvaded into modal farm umts whrch be commandcd |
: by pucca nacca 'The pucca nacca Iocaics along the walercourse As applymg o _
lurmng 1rrrgatlon numbcr s of lhe modal farm umts is: rccommcndcd to be_"f : ‘
mulnplcs of SiX, modal farm uml 13 ]ard down around 12 acrcs (4 "i ha) oblamed o s

dwndmg 280 by 24.

rlyprcal layouts should be dwrdcd mlo two groups one is thc case that mogha is - o
equlpped along dlslrrbutary drrcclly (Drslrrbutary lo Walercourse [DTM] syslcm), R

8-24




and the other is the case that the same locates in minor distributary (Minor canal
to Watercourse [MTW] system).
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9.1
9.1.1

CHAPTER9  CONSTRUCTION PLAN AND COST ESTIMATE

Construction Plan and Schedule
Conditions _andrAssumplions
(1) ~ Access to the Sitc

The pfojcét sitc is located about 37 km north of Peshawar in NWEP. The
proposed dam axis is located on the Swat River about 5 km upstrcam of the

- existing Munda Headworks at Abaz:u near the town of Shabqadar Deri. - The
" paved highway is extended from Peshawar to the Munda Headworks. The

Munda Headworks can be also reached from Nowshera by road via way of -
Charsadda and Tangi with road distance of about 60 km. - This route will be

- used for transporlahon of heavy and bulky cargoes to the left bank of the dam

site, since the concrete bridge prowded along31de the Headworks i is nol smtablc

' tor passagc of heavy truck trailers. -

]mported gnods meludmg conslrucllon machmery, gencratmg cqulpmem and -'
steel materials for metal works w1]l be landcd at the port of Karachi and
Iransporled to the site on road wnlhout difficulties. The road dlshnce from
Karachl 10 Peshawar (v1a Jamshoro Mlanwall Tarnal Taxnla Allock and o
Nowshcra) is 1 700 km approxnma!cly ' '

) Between Munda Headworks and proposcd dam snle a gravel road constructed by
_ _WAPDA is avallable on the right bank of the Swat River. 4- Wl) vehicle can
- also iravel .along the left bank trail up to half way to the dam site, These_ roads -

_need upgradmg for heavy vehicles before construction work i

2) Meleorologlcai Condmons -
:_(a) Ramfall data

' The most rellab]e data source for ramfall analy51s in conslruclmn plannmg _
s Aba?al rain gaugmg station Iocated aboul 10 km north of Ihc pro_|ect site,

 The average monlhly ramfall and rainy days rccordcd al Abazal from 1961 o

to 1997 are summanzed in lhe tables below : ' o

= Munlhly Raln[’all Rccord al Abazai S
i Jan | Feb | Mar Apr ‘May June July Aug Sept |- Oct | Nov | Dec | Total
|22 44 91 44 | 1i| 8 | 1001 102'] 30 16 | 20 28 | 516




Monthly Rainy Days at Abazai

F({”’g)’ Jan | Feb | Mar | Apr | May | June | July | Avg | Sep| Oct | Nov | Dec [ Total
E1T1

0 | 282 236| 248] 259] 296| 201 260| 256] 279| 206 286] 28613273

0-5 09 1.6 16 16 056 03 09 1.4 035 Q0.5 02y 06] 110

5-10 1.0 1.2 14 09 04 03 1.1 038 04 03 0.4 038 8.8

10-20f 06| oo 15| 09| o2| ez2| 13| 11| o8] os| es] os| ss

20-40] 02] o06) 14| o06f o1 o1 11| 15| o3| o1] o3l 04| 68

40< 00 0.1 03 0.1 00 0.0 0.7 06 0.1 0.0 O.I 0.1 23

As shown in lhcsc tables, the annual rainfail is about 5?0 mm and rain is
‘concentrated in March, July, and Augusl The construction works will not
“be hampered much by rainfall cven in these three rainy months, since

major open-air activitics are excavation work, rock cmbankmcnt work, and
concrele work. ' '

- (b) Amblenl tempcra{ure _' '

‘The maximum and minimum tempcralurcs rccorded at Pcshawar from
1961 1o 1990 are avcragcd as shown bclow. ' o '

Amhient Temperature Record - _
()

Jan | Feb Mar Apr May June July Aug Sept | Oct | Nov | Dec

Max. | 183 19.5] 23.7]30.0] 35.9] 40.4| 37.7] 35.7] 350 31.2] 25.6| 20.1

Min. 40] 63 1152 16.4 21.3 25.7 26.6 25.’1‘ 22.7 16.1 9.6 4.9

I‘emperalure control of mlxed concrctc by mcans of chllled water and/or
ice flake is essenhal espec;ally in hot- weather scason fzom May to L
Seplembcr. : R ' '

.(c) Hydrological conditions -

Thé aVeragevdisché'rgc al the proposed dam siteris estimated as shown
~ below based on the hydroioglcai data obtamcd from lhe river gauglng
. slations in the Swal river basm._ RN ' '

Eslimated Discharge al Dam Slte ) PR R
S e . REREEE - (m'fs)
Jan | Feb | Mar | Apr | May | June | July Aug Sepl Oct | Nov [ Dec |  Average
29.7 | 34.8 }1009]250.2]3373 530.3 623.2 3724 880 35.8 36.1 34_.1 : 206.1

- Flucluauon of naturai dlschargc 1s very large through a year and the pCl’lOd_

belwccn June and August can be ldemlﬁed as high ﬂow or ﬂood season,
‘Based on these data, the most adcqualc hmmg of river leCl’SlOﬂ and_, :
reservoir 1mpoundmg w1|l bc as follows ' '




i) Riverdiversion - - : in October (when non-flood season staris)
i) Reservoir impounding : between September and May (to avoid rapid
' rise of reservoir water level)

The probable flood in ccrlain return period is calculated as below:

Probahlc Flood at the proposcd Dam Site

Rclurn pcriod (ycar) Discharge (m'/s)
2 . 1,052
5 : ' 2,053
10 | 2743
20 - : 3,406
28 S : 3,630
: 50 - - - 4,373 -
U100 oo . 5,013

Thc‘tcmporar')'_' river _d_i_vcr‘s'i-on facilitics ir.rc.lud'ing' divcrs_ion tunnels and
coffcrdams _arc dcsigncd fora 25-year’ prabable flood.

(3) Source of Construclron Malcrrals

Thc sources of nalura] malcrra]s for conslruclron work are cnvrsagcd as bclow

_ Source of Constructlon Materials

Hauling

Materfals IR - . Souree - : B . ‘di
o : : . - distance
1. Dam embankment ' : :
- Zone 1A . | Borrow area in west Sadar Garhi E : - 7km
- Zone 1B - | River deposit downstream of Munda Headworks . - 8 km
Zone 2A River deposit downstream of Munda }{eadworks wllh 8km
Cooore o1 | plant process - : e
© Zone2B - River deposit downslream of Munda Headworks withj . - 8km
s - | plant process = . S
- Zone3A Sappare quarried rock (selected small tock) : 6 km
" Zoneé 3B - Sappare quarricd rock . 6km .
. Zone3C - | Todobo Banda quarried = - ... . | 2km
© Zooe 3D Fresh rock from mandatory excavation . - : -+ 1.5km
Zone3E - - Sapparc quarried rock (sclcclcd large rock) Lo 6 km
2. Concrcte aggregate - .0 - - C
C_oarse aggrepgale chr dcposrl downslrcam of Munda HeadWorks wrth o 8km
.77 | plant process : S o
Fine aggregate . | River dcpos:l downslrcam of Muuda Hcad\\rorks \Vllh 8km
T plant process and sand producllou y S

¥ Ma]or conslrucuon malerrals such as cemen{ rernforcemenl bars and cxploswes
Care readlly avarlable from ]ocal mduslrles and market. Shorlage of such

' constructlon ma{errals that would hamper conslruclron of thc prolcct has not

. -occurrcd in rccent ycars ihus stablc supp]y of thcse matenals is expcctcd



- (4)  Spoil Bank | |
Total excavation volunle of carthwork is cstimated at aboolus 930,000 m®, of
.Wthh about 4,340, 000 m® is requrred to be dlsposed in the site area.

Disposal Volume of Earlh Materials _
' ' - {Unit: 1000 m*)

. Descriplion Common - Rock ~ Tolal
Excavation o _ 840 - . 5090 -] 5930
Re-use for rockill 3D one . - 1,590 1,590
Disposal - B840 3,500 4,340

. 'Ihe dlsposal matcnals are planned to dumped off in a sporl bank located on a
lefi bank terrace about 1 km upstream of the proposed dam site shown in Frgurc
- 91,1, The two ahcrnatwe spoil banks in Sappare and leﬁ bank gully ncar the
_' proposed re—regulalron weir (about 1 km downstream of the wcrr) are not
appr()pnale for the fo]lowmg reasons ' |

S‘lppare There exists wide flat land in Sappare Howcver hlgher haulmg cost
for dumpmg work is unavoidable due to long haulmg dlstance of 6 km and
'f elevatron dlffercnce of some 200 m.

The ]eﬁ bank gully The main access road to lhe dam sue w1]! pass in thrs gully,
50 the traflle of project vehrcles will be drslurbed if the spml bank is locatcd in

- _thls arca.

.' (S) Construcllon Power Supply

o The eleetne power necessary for lhe conslruelron work is eshmaled al aboul
5 000 kVA ' : . '

The 132/66 kv subslatron nearesl to the Munda dam site is 132 kV Tangl C
'substauon aboul 15 km from the dam srte The 132/66 kv lransmlssron system :

C.in ihese area is genemlly heavzly loaded. Accordmg to the Distnbuuon

- Company, al the present slage SOOO kVA power 0 the Munda srte ‘can be
_ supphcd from lhe Tangl subslalron However the aclual srluailon must be
rev1ewed agam prior to commencmg power recelvmg ' L '

A 11 kv drslnbutron ]me docs nol have enough transfer capacaty lo send 5000. .

~ kVA power over a dlstanee of 15 km The consirucllon COSl of 132 kV system .

exlenslon is hrgh so 11 w1]l be more approprlate to transfer power at 33 kV
E Tcmporary power sleppmg down facrhues are requlred al the Tangl subslauon S
- and 33 kV power necds to be stepped down agaln to 11 kV to feed power to eaeh e
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work site. The 33 kV line can be used for cmergency power supply (o the
power station after commissioning.

For receiving construction poivcr (Temporary Supply) from the Distribution
Company, an application should be submitted at least one year carlier than

commencement of use with a certain amount of deposit, and particulars of power

receiving should be finalized.

- {6) COnslruclioh Water Supply

'Water supply wﬂl be rcqun'cd for construction camp, aggregale plant, concrete

p]am boring work dam embankment work, and concre{e curmg work durmg'

' constmction The water will be supplicd from the Swal river by pumping

equipment and necessqry plpmg

U Conli‘acl Pac'kagi.ng

The constructlon works wxll bc carried out by various comractors havmg -
- different cxpcrllsc The prcparatory works w1]l be exccuted by local

conirautors prior to main construction work Thc maln conslruclnon work w1ll_ ;

_ bc underiakcn by mternahonal contractors selected lhrough international
compemwe bld Thc conlracl packages conlemp]ated al this moment are as

, follows

(a) Local contract package
Lot L-1 Accessfoad -~~~ Cohs@ru‘ciion of per_manent_écécSS road
o ' - between the Munda Headworks and -

- dam site. (nght bank roulc 6 kmm, Icft
bank route : 5 km) - o ‘

Lot L2 'WAPDAcamp ' _' B ‘Conslructzon of permanenl ofllccs and' '
R residential bulldmgs with 15 ha land -

arca in Shab’qédaf Deri. The proposed
7 - iocatlon is shown in Flgurc 9.1. 1 - .'
Lot L-3 Power supply system Conslrucllon of 33 kV lransmlssmn line
I - from Tangl S/S o (he project site for
N construcllon powcr supp]y

- _ .' (b) In{ernatmnal comracl packagc

'Loll 1 Dlversmn iunnel S Constructlon of dwcrsnon lunncls



9.1.2

Lot I-2 Main civil works -+ Construction of all the main civil work
| structures  including  concrete  faced
rock[_':li dam, spillway, power intake,
- headrace lunnel, Surgctank, penstock,
powcrhouse, s'witchyard, bottom outlet
and re-regulation weir.

Lot I-3 Gate and penstock : Supply and erection of metal works
including spillway gates, intake gates,

“penstock  sicel  liners, - river  outlet

- facrhtles and re- regula(ron galcs

Lot I-4 Turbines and auxiliaries :Supply and ercction of turbines, rnlct
' valves, O/H travelling crancs and
control equrpment '

Lot 1-5 Generalor_and auxiliarics: Supply and ereclron of generators and
- L TR control equipment

s Loi I-6 Switchgear crjuipmenl e Supp]y ‘and - erection of 220 kV
' : R : swnchgear and lransformers

" Lot 17 i"I‘ran'sm'ission line & S/S : Supply and erectlon of 220 kV‘ '

o _transmrssron hnc and subs{auon

* Lot 1-8 Irrigation facilitics :Conslrucuon ‘of lrrrgatlon facilities in

: bolhrrght and leftbanks o

_ In order lo squeeze total conslruclron penod by fasl Irackmg procedure, R
g drversron lunne] work (Lot I-1) is separated from the main civil work for the _
) river to be diverted earher ‘The procuremcnt of Lot I-1 work wril be made 11 '
' months ahead of the Lot I-2 mam cwll work thus the overall time schedule can

be reduced by one year '

_ Conslruetion Method -
: Construcuon method which would be apphed 1o thc major conslructlon works 1s"
dCSCrled hcremaﬂer . ; : ' '

E '(1) RlVCl‘ Dlversron Work

‘Temporary nver drversron durrng conslrucuon penod is planned lo be achleved ,
' by the diversion tunne] method. To cope with a-25- year probable flood of

" - '3 630 m /s, the followmg lwo drversron lunne]s w1ll be provrded in lhe ]eﬂ bank '
. ofthe dam site. ' S B ' :




Diversion ‘Tunnels

No. Diamcter Length Inlet sill level | Gutlet sill level Section
No.l| 120m 940 m BL.363 | - EL.362 Circular
No. 2 120m i 950 m EL. 3’]9 EL. 370 Circular

Drversron lunnel No.1 is a main diversion tunnel which has a enough discharge
| capacﬂy during non-flood scason by itself alone with a cofferdam having crest
elevation of 410 m. While, diversion tunnel No. 2 is an auxiliary diversion
tdnnel which will be used only during the flood season and reservoir impounding
_ period. '7 The diversion tunnel No. 2 will be located about 16 m higher than the

diversion l_unnel No.l and river outlet facilitics will be provided in the tunncl.

" Both tuniels wr!l be driven by top heading and botlom bench-cul method.

| Employing such conslructron cqurpment as 3-boom hydraulic dritl jumbo, 3 m’
side dump loader, and 20 ton articulated dump trucks, a driving rate of 50
" m/month and 70 m/monlh is expeeled to be atlained for top heading and boltom
bench cut operauon respectively. Since conslruction of diversion tunnel is on
the crltlcal path, tunncl will be cxcavated from both inlet and outlet portals.

- Eleven months wﬂl be requrred for breakthrough of the diversion tunnel with

7 these arrangements

Excavatlon of dwersron lunnel No. 2 will be commenced
with the same cqurpment after cxcavatlon work in drversron tunnel No. 1 is

: completed

3 Concrete hnrng work will follow the lunncl drrvmg work in lhe dwersron tunnel
No. 1. The tunnel wall and crown concrete will be placed at first by 9 m- long
- circular travellmg form to allow concurrent work wnh excavatron work Invert
: 'concretc wrll be placed separately aﬂcrward

Aﬂer comp]ctlon of the drversron tunncl No 1, upstream and downstream
: prlmary cofterdams will be embanked to divert the river ﬂow into the tunnel.
| The rlvcr will be dwerted in the begmmng of October 2004 when the hrgh flow |
season ends The dlmensrons of prrmary coﬁ'erdams which wrll endure 2 -year

probable ﬂood arc as follows

Prh'nai-y Col‘l‘erdam K

Cofferdam Crest Elevation - Height " Volume
Upstream "~ FI.380 18m_ 88,000 m’°
Dow'nslream - El. 376 I5m ' 57 000 m’

' ]ntegraled coﬂerdam scheme (by partra] facmg of slab concrele of the main dam)
_ - is adopted in thrs study. without “construction of an. mdependent coﬁ‘erdam -
) 'belwcen main dam and upstream pnmary coﬂerdam for the fol]owlng reasons



i) Stage construction method has been widely applied in con'slruclion of CFRD.
The partial placing of slab concrete up to a cerlain level will provide a
function of coft‘erdam to the i11ain 'dam 'Wilh this arrangcnicnt, main
cofterdam is required for only the first flood-season, but not for the wholc
construction period. : L

i) The height and embankment volume of the independent ooftcrdam w1|l be 45
m and 700,000 m* approxlmalcly for the dcsngnalcd flood discharge of 3 630
m'/s. Furthermore, alignment of the diversion inlet channel will be changcd

~and th]s rcsulls in some 10, 000 m’ of addlllonal rock excavation. . The

: addlllonal cost for these works is csnmaled at aboul 5.5 mllllon US$

The primary co[tcrdams are rcqun‘cd 10 be conslrucled twlcc in 2004 and 2005
_since they may be ﬂushcd out during the ﬂood scason in 2005 _ Overall
proccdurc of river dwersnon 1s summan/ed below: ' '

Procedurc of Rn er Diversion Work

C Period S e e Activlty

Septf2004 to May/2005 | 1) River diversion by the primary cofferdams -
: Sl 2) Dam foundation excavation in riverbed (down to EL. 349)

}3) Concrete work for plinth under EL. 360 '

~ 14} Dam embankment up to EL. 360 :

- S | 5) Backfill to original riverbed level, EL. 362

J unef2005 to Au g/2005 R chr flow will be divericd to the original siver course.

_______ 12)  Dam work suspendcd except for plinth abovc EL. 38(}

StpthOOS to May/‘ZOOG | 1) River diversion by primary coffeidams :
- 12) Rcmoval of backfill material (down to BL. 349) ..

3) Concrete work for plinth below EL. 410 -

4) ‘Curlain grmllmg bencath plinth concrete -

5) Damembankment up to EL. 410 (vfs porhon only)

6) Concrele facing below EL. 410 Lo

Aller June/2006 | Dam cmbankmml conunuc-s without mlerruptlon

Dewalerlng arrangcment should be carefully planned durmg 1” and 2“’ non ﬂood,

seasons, since sccpagc flow Ihrough the cxlsllng rwcrbcd scdlmenl of aboul 8m-
thickness might disturb excaVatlon 'md concrele works downstream of the ~
~ primary cofferdam. | Thc dcwatermg and seepage conlrol w1ll be ach:eved by -
submcrglble pumps with pllS wcl] poml famlltlcs and/or _]Cl grouhng in lhe '

nverbed scdlment ]ayer

.(2) Embankment Work for CFRD -' s | B
The concrelc face rockfill dam has a tolal embankmenl vo]ume of about

16,500,000 m and lts embankmcnt volume curvc is as shown in Flgure 9 1 2
- The dam body compnses 1hc followmg cmbankmcnt zoncs _' ' '



Embankment Volume of CFRD

Zone Malerials Volume (1,000n°) Proportion
1A Impesvious soil 92 0.6%
1B Random fill 286 1.7%
2A Fine filter | 8 - 0.1%
2B Crushed rock 2713 1.7%
3A Selected small rock 512 " 31%

) B Blasted rock 5,900 35.8%
3C - Blasted rock 7,175 43.6%

D Blasted rock 2,066 12.5%

3B Selected large rock - 0154 0.9%

Total - 16, 466 - 100 0%

The embankment materials wrll bc obtained from the borrow pit and quarry s1tes |
described in Chapter 9.1.1 (3). Monthly embankment volume of 500,000 m’

- will be attained by arrangement of the following constructlon equnpment for 3B,

3C and 3D rock zones with day and mght shifts work

Bulldozer,_ 65 ton R 5 units
- Wheel loader, 11m*> - 5 units
Dump trucks, 45 ton 45 units

_ The rock materials hauled by heavy dump trucks wrll be spread at the dam site . -
> by bulldozers and compactron work will be made by the following equmel]l '

: Compactron ol‘ Embankment Ma{enals

Zone - Cumpaction _ Layerthickness 1 Nos. of Roller Pasé'
ne Equipment (m) :

1A Tamping roller - - 025 - 8
iB Vibratory roller -~ 0.5 6

' Plate compactor : :

2&3A Vibratory roller 04 6 ' :
B Vibratory roller 08 - 6 '
3C&3D thralory roller 15 6 ]

(3) Concrete Work for CFRD

o The face slab COﬂCfe[e w1il be placed wrth shp form of about 15 m w1de The
" mixed concrete delwered to the dam sue by agttator trucks will be further.
"‘A"'-'conveyed to the placrng area through concrete chute The shp form will be

R moved by wmch with travellmg speed of . some 1. S m/hr and the concrete will be
- 4 contmuously placed w:thout makmg honzontal jomt IR

-The face slab constructlon work IS planned to be eamed out m 3 stages as
' detalled below N R o
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Stage Construction of Face Slab Conerete Work

Zone : 1"stage - 2" stage 3" stage
Top elevation : 4i0 m ~ 500m 563 m
Bottom elevation - 354 m |- 405 m 500 m
‘Top width 220m 540 m 800 m
Slab area ' 22,000 m? 66,000 m? 76,000 m?
Block {Jayer) width 15 m - 15m ' : 15m
Nos. of block (layer) 15 ' 36 : - 54
Nos. of slip form - 2 : ' 3 | 3
Work period - 4 months : 6 months 7 months

J aanDOﬁ Apr.f2000 Julf2007~Dec £2007 Sepl2008 Mar.f2009

-The slage conslruchon melhod described abovc was p]anned in consrdcratron of
the followmg advamagcs for the pro;cct‘ '

1) To provrdc coﬂcrdam function to the main d'rm wrlh 1 slagc slab concrete in

 early slage of the consiructron _ ' . . -

- 2) To enable concurrent work of embankmen{ and concrete works thus shorlcn'
tota} dam construction pcnod : '

3) “To avoid scgregatlon of concrete mrx during conveyance of concrelc in long
chute.

“The scqucncc of dam conslruclron work is 1lluslra{ed in Figurc 9.1. 3

| 7;-(4) Sprllway

: Thc work quanlmes of sprilway work are summarlzcd bclow

W_ork Quanlily of Spii!way

Area . ' - Exca\a(lon e : " Concrefe .
Headworks - ' 3 103,500 m® o
Chuteway - : 1029000m e o 125000m’ :
Plunge pool - 1,050,000 m® . , ,

Total ' 2,079,0()0_1113 - ) 223 500 m’

: Thc cxcavatron work will be commcnccd from lhe headwork arca wrth bench cut
~ blasting method and continued in a downward dlrechon along thc chuteway In .
_lhc p]ungc pool arca slopc cxcavatron of lhc left bank cxlcnded about’ 160 m i

- hrgh will be rcqmrcd Since the bottom clevahon of the plunge pool isabout 5

. m lower than the cxrstrng rrverbed lcvcl excavatron work will bc carrlcd oul ..
on]y dunng the non ﬂood season wrth coﬂcr dlke arrangcmcnt surroundmg thc k
work arca. ' ' o ‘ ' L :

The concrelc work for ihc headwork and chulcway wrll be done by vanous
' concrete placing equrpmcnt rncludmg concrcte pumps lruck mounted bell

convcycr placers, and tower cranes. Thc cqurpment w1ll be sc]cctcd accordrng R

© tothe followmg criteria in general
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Working Performance of Concrete Equipment

‘ _— Concrete Concrefe pump, Conveyer -
Equipment : . Tower cranes
pumnp truck stationary placers
Max. aggregale size 40mm © 40 mm 80 mm . 150 mm
Stump of concrete 12cmor more 12 em or more - -
Horizonlal coverage - 20m 300 m : 30m BSm
Vertical coverage m 100 m C15m 100 m

With av'er.a'gc_ coucreting voluthc of 10,000 m’/month, about two years will be

o requircd for the concrete work.

- 'The mstalianon of the radial gates will be started by Lot I-3 contractor followmg
- the concrete work in the headworks ' ' '

- (5) - Power I_rttakc _
The work QUantities of power intake work ate summarized below:

Work Quantity of Power Intake

Work - ' " Quantity
" Excavation,open . - - : ' fo L0 150,000 m?
- Excavation, gate shaft -~ - v : 10,200 m?
 Concrete, intake structure =~ © = ) - 8,500m.
' Concr‘ctc, gatc shaft - IR [ 5,500 m?

The excavanon work in thc inlet area wrll be done with ordmary blastmg
' operatron This work is requ1red in the early stage of constructron program for
earlrer commencement of the headrace cxcavatron work '

_The gate shaft wrll be cxcavated by srnkmg mcthod wrth shotcrote and rock bolt
supportmg If actual geologrcal condrtron does not allow this, initial concrete
) lrmng will be provrdcd after cach round of cxcavatron work

"_"I’he constructton of gate shaft and mtake structure wrll be made after.
breakthrough of headrace tunnel to avord possible worI-. mtcrfcrcnce. .' '
(6) Waterway E

The powcr waterway, about 1 km long, comprrses headracc tunnci surge tank
'and penstock sectlons R ' : :

R



Work_ Quanlfity of Waterway

Work Headrace funncl Surge Tank - Penstock -

Excavation, open S o 7,000mE © 125,000 m? B
| Excavation, funnel | 490m : - O - 190m

Excavation, shaft - : T . ’ 6lm N

Concrele - 28,900 m® L 8400m® o © 12,500 m?

'-The headrace tunnel having fi_ni_shed diameter of 12.0 m will be driven from its |

inlet by top heading and bottom benchf_cutn_rethod, employing such construction
_cquipment as 3-boom hydraulic drill jumbo, 3 m’ side dump loader and 20 ton
articulated dump trucks The average cxcavation rate of 50 m/month is
expected to be attarned with these arrangements '

rThe surge tank shaft will be excavated erther by smkrng method or upward prlot

hole drrlhng & downward enlargement method and thrs*E wrll be left to the_ '

- contractor’s option.

_ The penstock tunnel will be 'eXCavated from its outlet with same method and
o equrpment employed for hcadrace tunnel work after completron of open :

excavanon in its portal area

Installalron of the penstock steel prpe wrll be carrred out by Lot I 3 contractor"

g followrng the penstock crvrl work.

) (7) Powcrhouse

T he constructron of powerhouse wrll be started wrth excavatron work ll‘l the nght

~ bank slope. Srnce the downstream cofferdam is located downstream of .the

- powerhouse site, the excavation work will be carrred out easily even in the area o

below the exrstrng riverbed level Pollowmg the excavatron work concrete
' work for powerhouse substructure will be done wrlh tower crane and concrete

work

: Insta!latron of overhead travellmg crane in the powerhouse superstructure is a
mrlestone event for the succeedrng mstallatron work of hydropower plants In
~ the constructron program 18 months are allocated for 1nstallat10n work thereof '-

' (8) Rrver Outlet Work and Frnal Rrver Closure -: e

: The rrver outlet facrlrtres prov;ded m the drversron tunnel No 2 comprrse hrgh' :
-pressure gates, mamtenance gates gate. chamber connectmg tunnel to the

chamber, and steei lmer in the downstream scctron of the gates

pump Draft tubes wrll be 1nstalled by Lot I- 4 contractor durrng the concrete i




Installation work of river outlet facilities will be commenced from October 2007
~when non-flood season will start, discharging river flow through diversion tunnel
No.l. Installation of the river outlet gates will be completed during this non-

flood scason, however, steel lmcr instaliation and corresponding concrete work
will be continued in the flood scason in 2008, If a 25 year probable flood
occurs during flood season in 2008 when only diversion tunnel No.1 can release
river water, upslfcam water level is estimated to reach at EL. 496 m. This
‘means that the following works are rcquired to be completed before June 2008.

1) Facing slab concrete below EL. 500 m 7
2) Insla]lalion of intakc gates (Intake sill level is EL. 485 m.)

B _Aﬂer the river out]cl facilitics wnll be msta]led 1mpoundmg of reservon‘ can be
commenced. The reservoir lmpoundmg plan is nccdcd to be established takmg'
" the followmg requucmcms into account:

| 1) The reservoir nnpoundmg should be cxecutcd only durmg non—ﬂood scason -
- in order to avmd rapid rise of rescrvoir water level which may advcrscly |
_ | cffect the dam body and inside slopc in the reservoir arca. :

2) Bven in the 1mpoundmg period, river walcr shou]d be d:scharged
downslream for lrrlgation use as follows '

Irrigallon Watel Requiremcnt
. T : - - T e T 7 (ﬂl’/s) .
Jan | Feb | Mar | Apr | May | June | July | Aug | Sept | Oct { Nov | Dec | Mean
13.9 210 | 348 | 569 | 7133 ?3.3 453 56 i | 600 50.7 40.5 24.6 4549

N - 'Bascd on thcse rcquircmcnts thc F nal river closure is planned to bc achlcvcd in

lhc fo]lowmg manner:
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: Pl.'occdurc of Final River Closure

Date ‘ - Activity

1. | Beginning of December 2008 | 1) Diversion tunnel No.1 is closed by stoplogs.

2) Plug concrele work starls in diversion tunnel No. 1.

3) Inlet gates of diversion tunnel No. 2 is to be left open.

4) Water level sises to sill level of diversion tunael No. 2
within three days, -

2 | Décember 2008 to March 1) Water is discharged through river outlet gates by
2009 . {  partial/intermittent gate control. .
: : 2) Excess inflow is filled in the reservoir.

3) Water level rises at a rate of 25 m/menth and reaches at
upper bell mouth of bol(om onllcl al the end of March
© 2009,

4) When walter level rcachcs al the bell mouth (LI 470
m), inlet gates of diversion tunuel No. 2 are closed by
h)drauhc remole conirol system. The hydraufic
piping shoutd be double circuits to avoni malfunchon '

._of remote control system. '

3 | April 2009 .+ 1) Waer level reaches at Minimum Operahon chcl (Ll.
' 510) at the end of April. .~
2) Wa(er nsmg rate is 50 m!month in this pcnod

4 | May 2009 to June 2609 - - . 1) Wet test of gcnerahng units can be slartcd from the

' begioning of May. - . .

2) Water level reaches Full Supply chel (Ll 555) in lhe
- middle of June.

©) Re- rcgulallon Weir -

o Thc construcllon of re-rcgulatxon wclr wﬂl bc achieved by provlslon of dwcrs;on
; canal in the left bank lerrace, lakmg advamage of topography in t}-e proposcd
© site, =

Aﬂer dwcrtlng the river flow into thc dwcrsmn cana] by coﬂcrdams foundatlon'

' cxcavatlon and concrclc work will be slarlcd ~ 'The mass concrclc Wl“ bc placed
by tower cranes while concrelc pump will be uscd for slruclural concrclc
: placemcnt ' ' '

(10) Irngauon facilities

" The left bank ngatlon facnhllcs mcludc a fccder lunnc] of 4 900 m long and .
fi mshcd diameter of 2.2 m. The tunnel will be drwcn by blaslmg mcthod with "

rail muckmg systcm from both upstream and downsircam porta]s The tunncl o
will be tcmporarlly supporlcd with shotcrete and rock bolting. Concrctc hmng '

work wrll be camcd out by necdlc-beam lype concrclc form :

The lenglhs of mrigatmn canals are 14 200 m and 12 900 m for lcﬁ bank and
rlght bank rcspccuvcly The cana] w1|l be conslruclcd by cul and fi It method_ .

'employlng 0.7 m backhocs, 11 ton dump trucks and v1bralory ro]lcrs
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Conslructlon Schedule

: The nnplementatlon ‘schedule of the prolect after this feasrblllty study, which

will be completed in ‘March 2000, is shown in bar chart form in Figure 9.1.4.
The civil work will be completed in the first quarter of 2009 and all the

N generating umts wrll be put into commercral operauon at the end of December
2009 after 8 years construction pcnod

“The detailed conslructlon program is shown in Figure 9. 1 5. - The program was
- prepared in ‘consideration of requrred duralron of each activity, appropriate

acttvrty sequence, hydrologrcal constraints, and leveling of construction

" ICSOUICES.

B The followrng acnvrtres consutute the cntlcal path in the overall time schedule.

- 1) ' Preparalron of PC-I (Implementatlon Program)
2) Financial arrangement IR :
3) Selectron of consultant : ‘ L
- 4) Detailed desrgn and bid document preparatron :
5y 'Procurement procedures -
6 Access road construction -
S 7 Drversron tunnel constmcuon
'~ 8)  River diversion (end September 2004)
9 -Dam constructton _ ' : :
10y Reservmr 1mpound1ng (from December 2008)
' :' '11) Wet test of generating equ1pment i
12 Commrssromng of power ptant No.1 (end June 2009) _
- 13) Commlssromng of all the power plant (end December 2009)

Cost Est.ir'n'ate' .

Condmons and Assumptrons

o V'The prOJect cost was estlmated for the basrc desrgn wlth the followmg condttlons

~ and assumptlons '

"*'(1) “The est;mate is made m US dollars (US$) for both forelgn and local'

currency components R

s '(2) The local curreney oomponent covers cost of locally avarlable materlals

' mcludrng cement, rernforcmg bars, fuel and exploswes and local labors
The costs of lmported machrnery for mechamcal and elecmcal works and '

o 9?1_5 : |
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depreciation of conslruction equipment arc allocated in the foreign currency

component.

(3) The price level of thc estimate is Septcmbcr 1999 when site mvcstlgauon.

work was carricd oul, The cxchange rate used in the cstimale is US$ 1.0 =
Rs.50 whtch prcvmled in the S'll'llc pcrrod '

(4) The construction work is assumed to be undcrt’tken by compctcnt

conlmctors sc]ecled through 1nlernalronal compelmvc brddmg (ICB) and
local competitive bidding (LCB) '

: (S) The unit prices of the works were determrned in rcfercncc to prcvallmg unit
cost of labour, conslructron malcrials and cqulpment in. prmcrple The

- recent bidding data of similar pchcls in Pakistan and other Asian countries
‘were also reflected in the esllmate T he price. data for ]abour, materials
'and equrpment uscd in (hc csnmalc arc labulalcd in Tablc 9.2. 1 9 2.2 and
'9 2.3 rcspeclrve]y ' S '

_Cost Eslim'no Mcthod _ .
The followmg eslrmale melhod was apphcd for lhc rcspccuvc cost catcgorles

' (1) Preparatory Works (Lot L-l and L-2)

'l“hc conslruc!ron cosl of the permanent acccss road (Lot L -1) was esumaled w1lh
required road length (11 km) and unit cost per ]mear mcter (300 US$/m) The
. cost for WAPDA base camp was esllmatcd as a lump sum in rctcrcncc to lhc data
7 from srmrlar pro_lects m Paklstan L ; '

Ne) Civil Works (Lol I 1 lZandI 8)

The construction cosl for dlversmn tunncls main crvrl works and rmgauon
" facilities was cslrmated wrth uml price cslrmatmg method The work quantilies - '
and corrcspondmg uml pnces are shown in Tables 9.2. 5, 9 2 6 9. 2 9, and 9 2. 10 3

.' (3) Gate and Pcnslock (Int I-3)

‘ Thc unit prrcc esumatmg method was applled The wclght of stecl struc!urcs o
' :was caicu]ated in view of 1ts dlmcnsmn and dcsrgn hydraullc pressure The o

recent bidding data of srmllar works was rcfcrcnccd fo dclcrmmc uml prlce per

' werght of respechve type of structurc e
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- (4) Elcctrical Works (Lot I-4, I-S, I-6 and 1-7)

Fhe lump sum estimating method was applied. The price was cstimated based
on various factors including design head, discharge, rated cwpacnly, dimensions,
unit numbcrs and rccent bidding data of snmilar works.

- (5) Enginccring Scrvice

The cost for engineering service for detailed design, procurcincnl of works and
site supervision was estimated at 6.5% of the direct construction cost. . This rate
- was determlned in refercncc to the ongomg hydropowcr pro;ccl m Paklsl-m

(6) Admmlslrailon Expcnsc

* Administration expcnse of the Project owner (WAPDA) is cslmnlcd at 2.5% of
the direet construction cost. This rate was determined in reference to the on-

- gomg hydropower pro;ect in Pakistan. '

_ (7) Land Compcnsauon and Envnronmenlal Mlllgalloﬂ '

. Land compcnsallon and rcsclllcment cost is esnmalcd by unit prlce estlmale
method, Iakmg results of the latest cnwronmcntal asscssmcnt mlo accounl Thc
- cost ltcms and relcvant cost dala are shown in 'I‘ablcs 9. 2 11 and 9. 2 12, '
R (8) Tax
, The locai taxes lmposed on thc contraci works are customs dullcs salcs tax and

' _corporatc lax. The fo]lowmg lax ratcs were con51dered in lhe cost esumalc

. Tax Rates

S ‘Tax and Dulies ‘ : Ralc
Customs duly : o R o R

- Steel products - : : - 35%

- Eleclrical equipment R : < 10% t0 35%

- Conslruchon tqunpmcnl R b 8% 1035%
Salestax - = ‘ LT o 15%
Corporalelax S ' E - IR 1

(9) Conlmgencncs

The conlmgencles requued for the pro;ccl budgclmg compnsc 1) prlCc
' commgency to oompensate fulure price escalation and. 11) physxcal con{mgcncy
to covcr changes of physmal COﬂdlllOﬂS unforeseeable al lhlS slagc

L Pnce contmgency is cshmaled wnth assumcd pnce cscalallon rate of 2. 4% per
. annum for both forclgn and iocal currency componcnts _'1 he rate of 2.4% is -

e
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countrics) during 1999 - 2010 indicated by World Bank.

derived from the latesl projection of MUV (Manufacluring Unit Value in G-5

The rates of physical conlingcnciés applicd in the estimate arc as below:

Physical Contingency
Works ' Rate
P(eparalory works (L-1101.-3) 12%
Diverston tunnel (I-1) 12%
Main civil work {1-2) o o 12%
Electrical and mechanical wotks (I-3 to I- 7) 7% o
Imrigation facilities (I-8) I | 12%
Engineering Service - 10%
Adminisiration 10%
Land compensation e 10%
- 10%

Favironmental mitigation -

’I‘ohl Pro;ect Cost

The total prOJecl cost is esnmated at US$ 1,148, 9 X 106 compnsmg forcngn :

currency of US$ 611.8 X 10°and local currency componcnl of US$ 537 1 x 105as

summanzcd bclow and dctalicd in

P,slimate of’l‘olal Prq]ect Cost

Table 9.2, 4

(Unit: million US$)

1) chrsmn lunncls
2) Main civil works
E 3) Gate and pcnslock
4) Eleclncal work -
- 5) Irrigation faclh_ucs _
- 0) Land compcnsé_tiqn

) EnVironmenlal mitigation

' Breakdown of cost cstlmatc is shown in the followmg lablcs

iTable9.25
Table 926

" Description RC. { L.C. Total
I. Base Cost * .~ - ' 4740 | 4140 - - 888.0
__Conslruction Cost 400 | 2577 - 697
. Engineering Service 340 ] 11.3 .- 453
Adminisiration a4 174
Lana compensation B - 25 2.5
Environmental mitigation 50 50 -
Tax : : 120.1 120.1
Ii. Conlingency 1378 - 123.1 260.9
_ Price contingency 95 {716 -+ 169.1
Physical conlingency 463 ... 455 : 7 918
" Tolal Projccl Cost 611.8 : 537.1 1,148.9

Table027

i Table9.2.8

“'mMegzgmm9210::'

: Tab169211 s
: Table _9.2.12 o
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9.2.4  Annual Disbursement Schedule

The annual disbursement is estimated in accordance with the estimated project
cost and the construction time schedule as detailed in Table 9.2.13 and
summarized below: '

Summary of Aunual Dishursement Schedule
i ' {Unil: million US$)

Year - RC. L..C. Total
2001 . - 59 3.9 98
2002 : ' 14.9 204 353
2003 1 276 38.8 . 664
2004 43.7 491 92.8
2005 655 534 - 118.9
- 2006 - 117.0 0.0 . 207.0
2007 - 1360 : - 1039 : - 239.9
S 2008 - 136.0 1182 - e 254.2
2009 ‘ 651 = ' 59.4 124.5
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