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CHAPTER VI

PLAN FORMULATION

6.1 Basic.Conceptnu

" The hydroelectrlc power capa01ty in the Greater CNPS wlll be
lll 16 MW, aftel the. completlon of the Gandakl, Kulekhenl No.1, and
'Dev1gat power statlons and the GandaklmHetauda, Bharatpur—Pokhara power '
1neLworks.ﬁ The annual_energy output w111-be_512,2 GWh. The diesel power
of 14;650.kw will be reserved:es efend_by_whieh will 3upp1emenﬁethe ener—
ey from time to fihe.,_A projected.supbly and demand'eenditidn of peak
'pewer‘in the‘Greaﬁer CNfS is:presented’in'Fig.3.4. An additional power
station will be=required after 1985/86. The Kulekheni'Nor2‘Hy&roeleetric
Preject'is proposed to meet the.poWer-demend after 1985/86.

The Kulekhehi No .2 Hydroelecﬁric Projeet is env{eaged'to develop the
hydroelectrlc potentlal resultlng from the outflow from the Kulekhenl Ne.l
Power Statlon and the water head between thc No 1 .Power Station and the
conflueece of the Rapti river and the Kani river. By construction of the
Kulekhani.No.2'Hydroe1ectric Project, an additional water head of 278 m
will be newly available for power generetion-iﬁ the Kulekhani ~ Rapti cas- -

cade;

The power demand 1n Nepal 1s high in the dry season._ On the other -
© hand, the ex1st1ng hydroelectrlc power statlons are. forced to reduce thelr'.
output in the same perlod due to water shortage because they are run~of—
Criver power statlonS. It has been proposed to generate more output in

. the dry season than“ln.the'eet seasoh'at'ﬁhe Kulekhani_Norl_Power_Station
in view of these conditions, taking"advantage of a regulating reserveir.
_The Kulekhan1 No.l Power Stailon 15 planned 1o be operated only four

hours in-a day for peak power generatlon 1n the wel season so as to save
water for use 1n the dry season ThlS operatlon, complemenbal to the other
' power statlon w311 be magnlfled by 1nclu31on of the Kulekhanl No 2-Hydro-

electrlc Progect

: There are eome streams firom whlch water ‘can - be channeled 1nt0 the water—
way for the Kulekhanl No 2 Power PrOJect They w111 be 1ncornorated in

the Plogect for power generatlon if economlcelly Justlflable.
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6.2 Proposed Peature of the Project

‘The propo%éd Kulekhani No. 2'Hydfoelectric Pfojoct éonsists'of.thé.
Mandu 1ntako and diversion weir across the’ Mandu r1ve1 Just below “the
tailrace outlet of the No.l Power Statlon, a 3,730 m 1ong headrace tun—
nel through the rlght bank hllls bordering the Rapti rlver? a Rani tri-
butary intake at the middle oi‘.héadr‘a,?:.e, a surge 't.é,nk, a 735 m 1¢ng
penstock 11ne, a power station of 33 MW in 1nstalled capa01ty on the
left bank of the Kani river located 600 m_ upstream of the confluence of
the Rapti - ‘and Kani FlvEIS, a tallrace, a 132 kV 51ng1e 01rcu1t transmls—
sion line: of a 1enth of 32 km betwaen Kathmandu and Hetauda v1a No.2
Power Statlon along the ex1st1ng 66 kV line, and addltlonal equlpment

in the New Tekn substatlon in Kathmandu

The general'layout.and.pféliminary design of the proposed Kulekhani
No.2 Hydroélectrié Project are compiled in,the.drdwings attached at the
end of this report. . '

6.3 Maxihum Digchafge-énd Installed Capacity

There is no storage site for'the.regﬁiation of outflow from the
No.1l Power Station:betweéﬂ”ﬂhe proposed intake and-poﬁér_sﬁation-éifes.
The maximum discharge for the Kulekhani No.2 Power Stafibn should not
be less than 13.1 m3/seé (wvhich is the same as for the No.l_PCwer Sta_
tion), if all water from‘the No.1l Pdwer.Station shouid be utilized.

Comparat1ve stud1es dPSCleed 1n Paragraph 6. 4 Justlfy the utlllz—

atlon of water from the Mandu and the Ranl rivers.

The resefvoir'formed by the Mdndﬁ weir will havo aﬁ active'ét01age
“capacity of 12, 000 m3. The f£irm dlscharge of . 0.2'm /sec (with the pro—
bablllty exceedlng 95 %) at the Mandu weir can be 1ncreased to 1. 2 m /sec
by thls'storage.capa01ty, if a peaking Qperatlon_of four hours 1s 1ntr0—
uuced .Oﬁ the other hand the Rani river is not regarded to contribute
.to the peak1ng operation, because the firm dlscharge at the Rani -intake

site 1is very low with no storage p0551b111ty.
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Unider these cdnsiderdtioné; the maximim dischargé of thé'Kulekhaﬁi
' No 2 Power Station was detelmlned to be 14.3 m /sec 13.1 m3/sec + 1.2

m /sec)

The water surface will be at EL.910 m at the Mandu intake and
EL 602.5 m at the tallbay of the No.2 Power Stat10n'und91 _the normal
operatlng cond1t1ons, amountlng to a gloss water head of 307 5 . The féted

water head is determined to be 278 m; by deductlng a loss of hedd of 29.5 m :

from the gross water hea&

The 1nstalled capa01ty of the Kulekhanl No 2 Power Station w111 be

33 MW assumlng a combined eff101cncy of 89% This is determlned as follows:
-p{: g x'Q x_H X e = 9;8 x.14.3.x 278 X 0;85'2 33,000 kW

where, P @ Installed capaC1ty in kW'
| g2 | Acceleratlon of graV1ty in m/sec2
0 : Max1mum dlscharge in m /sec
H . Rated water hedd in m

e : Combined efficiency

6.4 Utilizatbion of Tributaries Flow

The proposed.waterway of the Project crosses the Mandu river and the
_Rani river. The North Rapti river is located mear the proposed intake.
An economic study was carried out for the utllnzatlon of water in these_

rivers for power generatlon

'The'waterway of the Kulekhani No.2 Hydroeléctric-Project_will'bé._3
comected with the tailrace tumel bf‘No-l Powér:Station by:an ”
inverted siphon and an intake tank at the proposed’ Mandu d1ver51on
velr site, if it be intended to utlllze only water comlng from
'the No.l Power Station. TIn this case, the lnstalled capa01ty of the No.2
Power Station will be 30 M4 and its annual energy Outpdt will be 77. 3 GWh.

This plan,ls herein called Alternatlve 1,

A certaln part of the Mandu flow can be utallzed 1f a welr and a ..

settllng b351n is added to the 51phon and 1ntake tanlk of Alternatlve l s1m1]ar

o the proposed d951gn oi the Mandu intake “and dlver31on weir.. The progect

can then take the Mandu flow at a rate of 1 2 m /sec ‘during four
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hours pér day qna firm basis and the installed.dap&city wili_he 33 MW
as explained in.Paragraph 6.3, 'Thé_annual energy output will be 80 6 GWh.
Due to -the nature of the péak{ﬁg pover station, two sets of 16 5 MW generatlng

equipméni will be installed. This plau is hereln called Alternatlve 2.

Alternative 2 can ubilize water-from the Mandu ri#ef only during
the period that the No l Pover Station is in operation, because the dlS—.
charge in the Mandu river is too small compaled with the m1n1mum dis-

charge requlled for the turbine in the No.2 Power Statlon Water made..

3

avallable in Altelnatlve 2 1s estlmated to be only 5.0 x 10 m” out of the

total Mandu runoff of 33.7 x 106 m3,

Alternative 3 is proposed to utilize the Mandu ruhoff, even if the
No.l‘POWer.Station.is'not'operated, In this plan, ﬁhé.{nstallea capacity
is 33'MW, thelsame.as.in.ﬁlternafive 2, 'bﬁt two sets of'lS MW units”énd
one 3 MW unit will -be installed. - The turbine for the 3 MW unit w111
be a Pelton type, which 15 operatlonal over a w1de range of dlscharges
About 55 7 of +the total Mandu runoff will be utilized in Alternatlve 3,
The annual output is estimated fo bé 92.1 GWh.

The - comblnatlon of generation units in Altern&tlve 3 will make it
possible to ubilize water from other small trlbutarles. The construc—
tion of a weir with settling basin and inclined shaft in the Rani river,
like ﬁhe proposed Rani intake,will further utilize 4,4 % 10 W from the
Rani rlver. The addition 6f the Rani intake to Alternative 3'60nstitutes

a recommended plan hereln ealled Alternative 4.

Runoff from an arca of 11.6 km2 in the Norfh Rapti river canfbé
collected at the Mandu diversioﬁ weir, i a weir in the north Rapti and
a 1.0 km.long diversion tummel between the north Rapti and tﬁe'Méndu
" is construcled. Alterﬁative 4, "including this north Raptl dlverSJon

3.

pian to utilize about 3,2 x 106 m” of addltlonal _water, ig herein called.

Alternativ'e'ﬁf

'The ab0ve—men£iéﬁéd five alternatives were compared based on ﬁhér'
net beneflt max1mlzatlon criteria. - The. annual equ1va]ent of beneflts was
caleulated based on. the dependable peaklng c&pa01ty and the energy oub- -
put. The unit capac1ty value was assumed to be. US$101 8/k¥ and a,unlt
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Table 6,1 Fconomic Comparison of Alternatives

Alhernative

Ttem ‘ —— ;
N 1 2. 3 4 5
1. Power generation:
Installed capacity (kW) 30,000 33,000 33,000 33,000 '33,000
Annual energy Output (GWh) 77.3  80.6  92.1-  95.1 96,9
2. Construction cost (103US$) 42,350 46,070 46,970.'48,000 49,510
3. Annual benefit (10°US$)
Capacity benefit 3,050 3,360 3,360 3,360 3,360
Energy benefit 2,710 2,830 3,230 3,340 3,400
Total - | 5,760 . 6,190 6,590 6,700 6,760
4. Annual cost (10°US$)
Capital recovery cost 3,460 3,770 3,840 3,920 4,050
0 &M cost 310 310 320 . 320 320
Total 3,770 4,080 4,160 4,240 4,370
5. Annual net benefit (10°US$) 1,990 2,110 2,430 2,460 2,390




- 61 -

enorgy velue of US mill 35.1/kWh was used. (sce APPENDIX ITT)

' The annual equifelent_Coéizwaszthe.sum ofgﬁﬁe capital eost and’
0 & M cost, The capital cost was calculabed from the estimated invest-
ment cost et the 1978_?riee_leve1, aesuming a diséount rate  of 8% end an
' evaluaiion,period of 50 years. The results summarlzed in Table 6.1
show that Alternatlve 4 is the best because the annual net beneflb is

Lhe hlghest

'6.5" 0peration'Method and Outhut'.

The 1nstalled eapa01ty and annual energy output are 1lsted in _
_Table 6.2 for “bhe hydroelectrlc power statlons ex1st1ng and undereonstruct1on
which are to be lncluded in the Greater CNPS (hereinafter called~the _
other hydel)rexcept the Kulokhanl No.l Power Statlon._ The.energy.out—

put in the table was estlmated assuming the hydrologic conditions in 1969
.whlch was selected as the standard dry year, béing the second dr1est in

twelve years from 1963 bo 1974. The energy output of all these power

stations. in each month was calculated as shown 1n Table 6. 3

The monthly'energy production_ih=Fig,6.1 may be'regafded‘as_indie
emtiﬁg the honthly variation of ‘potential energy”required The ratio
of energy generated in .a month to the anuual mean energy generabedvarles
somewhat by year. This ratio (averaged for 1969/70 - 1975/76) was,
therefore, regarded as the ratlo of potential enexgy requlred ip & month
.to the annual. nean potentlal energy requlred If an annual energy requlremeﬁt"
is glven, the energy demand for each month can be. calculated by thls ratio. |
Tables 6.4 and 6 5 show an estlmate of monthly energy requlled for Case 1
when the Kulekhanl No.1 Power Statlon aind the other hydel are in full oper-
ation and Case 2 when,the Kulekhanl No.l and No. 2 Power - Statlons and the
other hydel are in full operatlon,respecﬁlvely._

The Tables also show potentlal cnergy supply in each month by the
‘other hydel and the Kulekh&nl No 1 and No 2 Powar Statlons for both cases.
The potentlal energy supply'of these hydropower statlons are based. on the
;hydrologlcal cond1t1ons 1n ]969, the standard dry year. 'In the Tables,

the shortage of energy f01 each month is assumed to ‘be- supplemented by
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diesél'powef stations, The monthly energy to be supplemented are also
shown in Tables. 6,4 and 6.5, | |

The‘Kulekhani No., l'aﬁd.No 2 Power Stations will be operated to mee't
the largely - varylng dlfference between the energy requlxed and energy
output of ‘the other: hydel to the max1mum extent The annual energy out—
put is 154.7 GWh at ‘the Kulekhanl No.1 Power Statlon,for Case 1 and 171.5

 GWh at the Kulekhanl No.l Power Station and” 95.1-GWh at the Kulekhanl N0.2_
Power Station.for Cése 2, respectively as shown oh page 64, The:provable_
demand'and.suﬁply of energy shown in Tables 6,4 and 6.5 fqr:Case'l and 2
are'élsé grﬁphiéally iliustréted in Figs.6.2 and 6.3, réspecﬂively;

 The list of the diesel powsr stations, which will be readily avail-
able in the Greater CNPS, is'shown'in'Table 3.2, The total installed
apa01ty 1514765 MW and the largest unit is 1,49 MW,

'Assuming a monthly plaht utilizaiion factor 0f=79.é % for the diesel -
power, the necessary installed capacity of the diesel power plaﬁts is
‘estimated to be 9.7 MV for Case 1 and 12,2 MV for Case 2, i.e., the
C¢pa01ty of. ex1st1ng diesel plants will be enough for Case 1 but will need

an additional installation of 2.5 MW for Case 2.

.The'monfhly'energyfoutput at Kulekhani No.l Power Station and dis-—
charge from the Kulekhani reservoir cozr95pond1ng to the said energy out-
put are as shown. in Table 6.6. The figures in Table 6,6 shows a large
" discharge requirement in the dry seasoh. _Tﬁé operation of Kplekhani'
 reserv6if 3ccofding to this requirement was tested as shown in.the maés

curves in Figs, 6.4 and 6.5, In the 0peration,:supP1éménta1'energy'
supplied by diesel power plants, shown in Figs,6,2 and 6.3 is assumed in’
every &ear in thé”étudy period‘ The method of operatlon assumed for the

Kulekhanl Project was. as follows

.(1)' Contlnuous full use of 1nf10w w1th1n the llmlts of plant capac1ty
when the roserv01r water’ Surface is at the hlgh water surface. elevatlon

(2)"0perat10n according ‘to. the load when the reservoir water surface is below

water surface elevabion and above the low water surface elevation.
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{3} Oberatieh aceordlng to the 1oad when the inflow into. the reservolir
is larger than requiréed and tho reservoir water surface is at the

low water surface elevatlon.

(4) Operatioh as a vun-of-river plant whcn the 1nflow into the reSer~
voir is smailor than vequired and the reservoir water surface is’

al the low water surface elevatlon.

‘_The results of the test showed that theIKulekhani'Preject cdn
supply the required prlmary energy under the ‘hydrological condltlon in
the vears between 1963 and 1974 cxcept for 1970 The Secondary energy
.generated by the progect will be 48,4 GWh at the No.l Power Statlon in .
Case 1, and 46 9 GWh at the No.l Power Stat:on and 23.3 GWh at the No. 2

‘Power Station in Case 2.

Out of the aboveumentioned secondary energy‘in Case 2; some amount
can be utilized as prlmary energy by replacing a, part of the supplemental
energy supply by the diesel plants. The average annual value of the
said secondary:ehergy-under the stated hydrologic conditions is caleula;

‘ted to be 17.3 GWh.

Tt is estimated that the other hydel can generate only 215.6 GWh as
primary energy and the remaining .118.6 GWh of oﬁiput must be regerded as
secondary energy, if they are operated with no sdp?lemental power in the
dry seeson under the large demand variation which exists in GNPS, As is
indicated in Tables 6.4 and 6, 5 the above- mentloned secondary power
can totally be utilized as primary power, if the Kulekhani Project is
operated w1th_a large output in the dry scason and a small output in the
wet sSeason. The Kulekhani Project will manifest this advantage further,
if hydropower with g small storage reservoir such as the Dev-Gat project
would come to opelat10n1 In an extreme case, the Kulelkhani PrOJect can
generate 75 % of the annual output betyween November and Mareh of heavy
demand and small outfut in the other hydel. '

" The average annual energy'outpﬁﬁ for each power plant, Which is.
~estimated based on the hydrologlc conditions in the years between 1963
and 1974,_13-&5 follows. These values are used for the economlc and

'financialjahalysis-cevered in Chapter IX._
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Case 1
. . (Unit: GWh)
(i)  Primary energy

- Existing and under-construction o
‘hydropower plant - o ' 334.2

Kulekhari No.l P.S. o ©154.7.

Diesel plant - . 23.3

Total o ' 512,2

(ii)  Secondary energy for Kulekhani No.l P.S. ' - 48.4
Case 2

(i) Primary energy

Existing and under-consgtruction

hydropower plant - 334.2
Kulekhani No.er.S. . . 171.5Zl
Kulekhani No.2 P.S.. | osal2
Diesel piaﬁt I _ - 64.7"
Total 3 ' : 665.5

{ii)} Seécondary eNET ZY

Kulekhani No.l P.S.
Kulekhani No.2 P.S. _
Total | | - 52.9°

ZZL.& lﬁg:

No,1 P,S. ' No.2 P.S.
Primary energy ' _ 154.7 94,6
Primary energy transfered o
from secondary energy ' _ 16.8 . 0.5
Total - | - 171.5 - 95.1
Secondary enefgy  S o 46,9 0 23.3

Sedondary energy_tpansfered-' _ o
to primary energy’ - B _ ‘ 16;8 . . 0.9
Total : o - 3041 o 22.8




Table 6.2 Installed Capacity and Annual Energy Oﬁtput.of
Existing and Under-construction Power Stations

'Installed capacity Annual energy
(kW) output (MWh)
{1) Existing Power Station

Trisuli 18,000 103,690
Panauti - 2,400 : 5,400
Sunlosi 6,000 : 56,940
Pharping 500 | 3,290
‘Sundarijal | : 640 5,760
Pokhara (Phewa) o © 1,024 © 8,760
Pinau (Butwal): - 1,200 | 10,150
Sub-total 29,764 193,990

(2} Under-construction Power Station

Gandaki 7,000 48,250

Devighat 14,400 = 81,980 .
Sub-total | 21,400 140,230

Total - 51,164 334,220
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Table 6.4 Monthly Energy Require&.for Case 1 .
' (Unit: GWh)

Monthly - | _ Energy to be:genérated '

o T L tien KoM Ho bieee
Jan: 52,24 . 26.72 ' 19.81 5.1
Feb. 46..40 21.32 T 19.92 5.16
Mar. 46.58 24.69 B 16.18 5.71
Apr. 40.04 25.45 o 14.59 - -
May  41.37 31.04 | 10.33 -
June 10.88 26.60 14.28 .
July 39.62 31.09. 8.53 ' -
Ag.  37.01 33.10 3.91 -
Sept. 36,66 31.82 4.34 =
Oct.  39.19 30.83 | 8.36 -
Nov. 42.14 - 26.27 14.88 : 0.99
Dec. -~ 50.07 25.29 19.09 5.71
Total  512.20 ~ 334.22 154.70 23,28

Table 6.5 MonthlxﬁEnergy Regquired for Case 2
| ' (Unit: GWh)
Monthly Energy to be:éenerated : .

Honth energy — Existing & . . Kulekhani No.1 Kulekhani No.2 Diesel -
required under—construction _

Jan.  67.87 - 26.72 22.40 11.76 7.00
Feb.  60.29 21.32 . 21.62 11.03 ~ 6.32
Mar. 60.53 24,69 19.05 9.79 . 7.00
Apr. 52.01 25.45 13.01 6.78 6.77
May 53.74 31.04 '10.27 5.43 7.00
June © 53.11 26.60 - 12.57 707 6.77
July  51.49 31.09 704 6,36 6.90
Aug. 48,10 33.10 2,55 15.55. 6.90
Sept.  47.64 . 31.82 3.35 5.81 6.66
Oct.” 50,92 130.83 T4 5.76 6.89
Nov. = 54.75 26,27 0 13.85 T.85 6.7
Dec. 65,05 25.29 S 2145 1132 7.00

Total 665.50 334,22 15470 9460 81.98
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Table 6.6° Monthly Energy Output and Dischafgp.of

Kulekhani No.l Power Station.

- ~Case 1 o Case 2
Month Eﬁergy Discharge Energy = Diséﬁarge
(GWh) (m>/sec) { GWh) (m?/séc)
Jan. 9.8 5,55 22.40 6.27
Feb. 19.92 6.19 21.62 6.70
Mar. 16.18 4.5 19.05 5.33
Apr. 14.59 4,22 13.01" 3.76
May 10.33 2,89 10.27 2.87
June 14.28 4.13 12.57 3.63
July - 8.53 2.39 7.14 1,99 -
Aug. 3,91 1.09 2.55 0.71
Sept. 4.84 1.40 3.35 0.96
Oct. .36 2.34 7.44 2.07
Nov. 14.88 4,21 13.85. 4,00
Dec. 19.09 5.35 21.45 6.01
Meaﬁ 12.89 3.69 12.89 3.69
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Table 6.7 . Calculation of Primary Energy Output of

Existing and Undev-construction Hydropower Plant

Ratio to min. ~+ Energy
monthly mean pover {GWh)

Jan. ' 1.01 | - 21.53
Fob, . 1.00 21.32
Ma?. 0.90 | . 19.19
Apr, - 0.80 17.06
May ' 0.80 1706
June . 0.82 17.48
Juiy L0076 16.20
Aug.’ 0.71 ' 15.14
Sep. 0.74 15.78
0ct. 0.6 16.20
Nov. 0.84 | 17.91

Dec, B 0.97 20.68

Total . 215.55
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| CHAPTER VIT
* DESIGN AND CONSTRUCTTON PLAN

7.1 General

The:preliminarj dgsign of the’Kulekh@ni'No.2 Hydioelectric Project
is prepared ﬁased on the'basic.iayout déterMinéd:in the pre#ious'éhépter{
The prbject-in#ﬁlVes the construction of the following Strucfures:”'ﬁ 54 'm’
long diversion weir on‘fhé'Méndu river (called M&ndu_divéréion weir), an
intake oﬁ:the Mandu'rivef, about a 6 km 10ng headrace tunnel, a tribﬁfary
intake on the Ranl Tiver: {called Rani trlbutary 1ntake), a surge tank and
about ‘an 850 m 1oag_penst0qk,tunnel, an aboveground power statlon w1th an
installed capaci{y of 33,060 KW iﬁcludlng about a 160 m long tallrace,
a 132 kV transmission line 32 lkm long bgtWeen Kéﬁhmandu and Hetaﬁda,
and extension of the existing New Teku substation at Kathmandu and Hetauda

substation. See Drawing No. 4 showing a general layout of this.

The préeliminary design of each structure described hereinafter was
made based'On a topographic wap of l:to 1,000 in scale with 2 m confour,
intervals, which was prepared on the basis of aerial photographs which

were taken during the investigation in 1978.

The constructioh.plan is studied in detail +to estimate the construc-
‘tion cost on the feasibility study level. The actual basic cost data of.
the Kulekhani No.l Power Station are fully reférred to in determining

the unit pfice for the cost estimate of this project.

7.2 Design=of'8tfuétﬁfes:'

7.2.1 Mandu diversion weir and intake

The profosed site for the Mandu di%crsion'woir is located on the-
Mandu rlver 1mmed1ately downstream from the outleb of the tailrace tun—.
nel of “the Kulekhani No.l Powel Statlon The foundatlon rock for the welr
is grey'coloured hard sandstone semlusch1st it lies urider a 12 m thick

‘river gravel dep081t in ﬁhe ‘riverbed.

The weir w1ll be prov1ded w1th an ovorflow sectlon for entire w1dth

of the river channel Ffor the passage of a 50—year probable flood  The
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overflow crest of the weir will be set at DL.906 i 001n01d1ng appr0x~
imately %o the present rlvolbed elevatlon.' The weir w111 be equlpped _
with gates which at the closed p051t10n will retain water up to EL. 912 5. 1.
The actlve Storage capa01ty of 12, OOO m3 w1ll be avallab]e between :

EL 910.5 m and EL. 912 5m. The gates w111 be, two in number, of vertical
Colift type, of 12.5 m x T m size. See Draw;ng=No. % and 6. '

A sand flushing chaﬁnei, which-is-lbcated in fhe.fighf_séction'of
the weir structure,'ﬁill be providéd'with a 5.0 m x 10 m gate. The width
'w111 be 5. 0 m, and the ‘botbom will be set at EL. 903 m. The channéi'will
be used not only for flubhlng sand dep081ts, “but for controlllng the water'

level in the pondage by paltlal operatlon of the’ gate.

The" outflow from the No 1 P0wer Statlon w111 be dlrectly led to the’
1ntake of the No.2 Power Staﬁlon through a conduit connectlng the tall—
race of the No.l Power Statlon and the intake to avold_the Water belng
mixed with water of thé:Manﬁu river_which,inciudes high_sedimept:léad;.
The con&ﬁit_bétween thé_taiir5ce=outlet 6f the No.l Power.S£A£ion and
the diversion weir will be a hemicycle . rectangular concrete conduit
of 3.0 m in inside width and height and 84 m in total length. The com-
duit wiil bé connected to a steel pipeline embedded in the diversion

weir. Waber will be led through the pipe to the intake.

A diversion tunmel of 2.5 m inside diameter and 145 m in total -
length.'will be'consfrucﬁed braﬁchingloff from the conduit_at a.point
35 m downstream from the outlet of the tailrace tunnel of the No.l Pow-

‘er Station to the right bank of the Rapti main sﬁem, 350 m upstream from
the-conflﬂence.df the Rapti river and Mandu river.  The d1v91310n tunnel
will be utlllzed to dlverﬁ the dlscharge from the Nb.* Power Statlon to
the: Raptl r]vel durlng the . constructlon of the Mandu weir, and also when
the malntenance of Lhe dlver51on welr and 1ntake structure is requlrpd

after comm1551on1ng of the No.2 Power Statlon

_ The'ipiaké will beilocatéd.on_the'fight;bank-of the Mandu river ad-
fjacéht to ‘the diversion Weir Water fetained by'thé di§ersi0n_weif Witl
be led to a settllng bab1n for de311t1ng, and then led to “the 1ntake tdﬂk
| In the settllng basin, flow veloc:ty will be 11m1ted below 0.3 m/sec, even
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“if the maximum diéqharge of 5 m3/sec=is t&kén:from the Méndﬁ-fivér;

" The entranca.sillméf the bgéin will be set'at'EL.QOS.SHm; 2-5'm above
thé'éfest.of the divérsion weir. Twé:COntrol‘gétes, 1&rge¥and.$mall—_'
sizes will-be provided iﬁ_an opening on the pmfﬁition wall'between the-
"settling basin:and.ihtake-“tdnk. The bottom ‘of opening is set at EL.
‘910.“ m+. . The small gate is operated for the cnntrol of . small dlsch&rge
T in the dry’ season and the large gate is Orened in wel season to take

clarger runoff in- the Mandu river,

Water from the No.1l. Power Statlon and that from the Mandu river
'w111 be co]lected in the lntake tank and then will be fed into the
headrace tunnel “The tank Wlll be prov1ded-w1th a nonugated 3p1}1way
on the left 31de for malntalnlng the tank water level below BEL.910.5 m
'whlch W1ll c01respond to the maximum tallwater level for the Pelton
turbine in the No,l-Power.Statlon.' The normal operatlon water 1evei

_and low water level are set ab EL.910 m and EL.907.5 m,lespectlvely. _

_ “The inlet structure cbnnectihg-to the headrace tunnel will be .
equipped'with fixed trash racks. The'elevationﬂpf'entranée 5111 wil1
“be scl at EL.900 m,. For closing thé'headrace_tunnél, a vertical roller

gate, 2.5 m squaré, is equipped at the end of intake structure.

7.2.2 'Headra;ce tunnel

The proposed route of the headrace Lunnel of 5,800 m in lehgth
passes thzough the mountain mass composed mainly of sandstone ~5emi—
.schlsb layers though theve ave alte1nab1ng 1ajers of sandstone-slale

ina very llmlted_portlonr

The headrace tunnel will be a presgure tunnel w1th c1rvu1ar cross
section. The 1n31de dlameter of the tunnel w111 be 2. 2 m Wthh is the
.Drachical mlnlmum 31ze in: v1ew of economlcal and effectlve 00nstruem _
tion. The tunnel w111 be d1v1ded into two lelSlonS by adlbs for con—.
stluctlon, the flrst d1v151on,of 2,500 m and. the second lelslon of -
3,300 m. Constxuctlon adits will be excavated near the Mandu 1ntake,

near bhe Rani trlbutary 1ntake and near the- SUIge tank.
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7.2.3 Reni_ tyibutary intake

| The Raﬁi rirer, a‘triburary of the Rapti river, will eross.thé
headrace tunnel dbeuf-2.9rkm'dewn3tream_frgmﬂfhé Mandu intake; _
The'Reni-tribqﬁary_intake‘will be cohstreeted on the Rani river about
1.3 km'uﬁstream frem'the5éonfluence.of'£he_R5pti river andethe'Reni'
river to take viver flow from a'caﬂehment_area of abeut 4 kn®. The
intake structure will be. composed bf an intake weir, a'se{tiing:baSin
and an-inciihéé:sheft. The intake weir Wlll be & 39 m 10ng and 7.5 m
_:high COnerete.weir lhe overflow crest is set at EL. 917 O m.. Watex
takcn from the 1n1et whlch w111 be construeted 1mmed1ately upstream _
from the intake weir will be de31lted through the - settllng basin and
.then led to the headrace tunnel through the inclined ehaft._ The max-
imum 1ntake dlscharge will be 1.0 m /sec. bee-Draw1ng No.7.

7.2.4 Sirge tank

A surge t&nk w111 be constructed at the: downstream end of the
headrace tunnel The surge tank will be concrete lined vertical sh&ft
of 8 m in inside dlameter and 42 m . in height having an 0r1f1ce of 3m
x 0.85m in Slze A calculation showed that the max1mum upﬂsurglng
would’ be 10 'm above the high head’ watel suiface in case of instanta--
neous full load reJectlon and the-max1mum down—surglng will be 20 m
below the 10w head waber surface in case of instantaneous load increase

from half to’full load. See Drawlng No.8.

7.2.5 lPeﬁsfock tunnei

. Without a morerdvoprable dlternative roﬁte,_ﬁhe proposed.behs{ock
line'iseebligéd tolpdss:through:a biotite schists zone'highly decemposedu
to the depth ef abouf.ZO m t0.35 I from the surface. Further, the un—
'derlylng layer of approx1mately 10 m is -also con81derably weathered _
gThe constructlon of the surface type penstock llne requires da costly spec1a1
-breaiment to secure a rellable foundatlon for anehor ‘blocks: and eaddle‘
plers. A comparlson of constructlon costs between the surface penstock
and underground penstock is in favour of the latter,as descrlbed in

"APPENDIX III The penstock line W111 be constructed underground
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The underground pensbock tunnel is d851gned o be a steel llned
tunnel which w1ll be oonstructed between the surge tank and pover-
house. The total length of penstock tunnel will be 860.m, con51st—~ _
ing of 390 1w of upper portlon d?pplng at 48 degree and 470 m of the’ level
:portlon at the downstream end. The inside diameter of the penstock “tunnel-
is 6931gned to- decrease gradually downsbream from 2.1 to 1 7 m in the 1n011ned

portion whereas the level portlon rema1ns constant at 1.7 m. ~See Draw1ng No. 8.

'7 2.6 Powerhousc and SW1tchyard

_ The power station. w1ll be located on’ the 1eft bank of the Kanl
.rlvor about 600 m upstream from the ‘conf luence of the Kanl rlver and
" the Rapti rlve;.. The proposed power statlon.51te is covered wlth a 2.2
to 2_5.m-thick:surface ‘of a0il, and the_underlylng_layer of 5 to 9 meters
consisti ofﬁdécomposed rocks. . Solid rotks afe found at EL.601 to 606 m;
they are composed of alternation of sands£0ne and_slate;:and they Have;
sufficiont-béaring_capacity. The foundation of the power station will

be set on solid rock.

.The powerhouse ‘will be 34 m in length 12.5 m in width and 33 m in
helght h0u51ng two 15, 000 kW and one 3 000 k¥ generatlng units.

The water from turbine will be feleased to the Kani river through_a-
tailrace of 160 m in length. The t&ilrace_wiil be a doublo—box culvert
of 2.0 m in height and 2.5 m in width.

The Switohyafd will be loCated to the southcast of the Dowerhoose
The proposed area of 100 m x 50 m will accommodate the transformer and

sw1tch1ng equ1pment

7. 2 LT Generatlng equlpment

The cenerablng equlpment in the Kulekhanl No.2 Power Statlon w111

he two unlts of 15, 200 kW each and one unlt of 3 000 kW

Fach turb1ne for the two large un1ts w111 be of a vertlcal shaft
.Francls type and Wlll generate the rated output of 15 200 kW under
“the rated head of 278 m and rated dlscharge of 6., 5 m /sec The rated
 speed w111 be 750° rpm The generatol will. be three—phase, vertlcalm
:shaft, revolv1ng field Lype and ‘will be rated at 18 000 kVA to del:ver
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'15,200_kw of power at 85 per cent poﬁef factor in lagging. The terminal
voltage of the generator will be 11 kV. '

' The‘turbine for the small.unit_will be_hofizont&lféhaft Pelton
type having tﬁo_nozzles. The output.will be'rated.at 3,000 kW at net
" head 6f'278 m and ratéa gpeed of 600 fpm Generalor ﬁill be tﬁree;
phase, horlzontal shaft field type and wlll be rated at 3 600 kVA 1o
deliver 3 OOO kY of power at ‘85 per cent power factor in 1agg1ng.

A mdln tlansformer for stepplng up the generator voltage of 1 kV
to tr&nsmlssmon voltage of 132 kV’w1ll be rated at 39.6 MVA, The trans—-
foxmer_w111 be of 31ngle—phase to form a three—ph&se bank, olleimmersed'
self-cooled type. The trahsformer will be'instalied'in"the outdoor

‘switchyard on the- terrace 0 the Squtheaét of the powerhouse.

7.2.8 Transmission line:and'substaﬁion

The power generated at the Kulekhani No,2 Power Station will be
delivered to.the demand center through a 132 KV transmission line. _
The transmission line’with a total length of about 32 km will be con-
structed between Kathmandu and Hetauda via the Kulekhani No.2 Pover

Station along the existing 66 LV transmission 1ine._

At the construction_stdge of “the Kulekhani No.2 Power-Station, one
39.MVA transPormer of 132/66 kV rating_will be installed at the New
Tokn substation at Kathmandu, which will Ee'complgted in 1984, for
connection with the éxisting:power systom.'.Equiﬁﬁént such as switch-
geaf, control panel, etc. will be set at the existing Hetauda substa4

tion for comnection with the existing 132 XV bus.

7.3 Consfruction Plan

7ﬂ3.1 Preparatorx,wdrks

(1) Access’ road

The 6 m w1de paved Natlonal Route runnlng between Kathmandu and

the Indlan border and a 5 m wide gravel road of about 10 km in total
length to Bh]mphedl, branchlng from the Nmt1onal Route Bhalnsedobhdn,

are ava11able a5 an access to:the proposed_progect ‘site. However, @he
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gravel road iﬁbiuding b}iages between Bhainsédobhanfénd.Bhimphédi is
requirgd to be.improvéd'taﬂénable tr&nqurtiongQf.heévy:cbnétructibn:H
machiﬁefy and to dllow‘regular traffic in all WQathéf. Thié imprﬁve— '
ment work may bé_CafriedIOut durihg the construction of the Kulekhani

No.l Power'Statioh;
New roads of 5 m ih width and about .7 km in total length are
to be constructed at each work- site, such as the power station, surge

tank, Rani tributary intake and quarry sites.

(2) Bu11d1ng for constructlon use

The Job sltes of the . Kulekhanl No 2 Power Statlon Progect will
extend over about 10 km 1n;1ength._ The headquarters.duylng congtruc—
tion is'to be 1ocatéa at Nibuatar, abou£ 4 km from Bhainsedobban where
the office: and camp of the Electricity Department are available for

temporary use. The branch qualters are to bhe set up at Bha1nsedobnan

and near the Mandu intake site. ‘The quarters W111 be PlOVlded with
offlces, h0u51ng and other fac111tles requlred for  the superv1sory

2
and 1nspect1qn group. About 30,000 m” of land w111 be requlred.

.(3)_ Water sﬁpﬁiy sysﬁem

The water éuppiy facilivies for fhis:project will_be_instdlled'
at several sites.. The planned w@ter'supply-éysfem consists of‘four 
systems-covering fhe vhole donst;ﬁction_area:' i) the Mandu ipfake
site, 31) the Rani intake site, iii) fheheadquérters aﬁd”concréte
plant site which will be 1ocated near the headquarters, and 1V) the

penstock line and powerhouse site.

(4) Electric power supply system

The eléctric.power for constfﬁctioh use Will be suﬁplied by three
systéﬁs: (1) Mandu intake system, (2)Headquarters system, and
(3) Power. statlon system. - The power for -the Mandu 1ntake site is: -
to be pr0v1ded dlrectly from the ex1st1ng substatlon, whlch was conﬂ'
structed near the ex15t1ng Mandu bridge for the consﬁructlon use of
the No. 1 Power Station. ' The headquarters system covers the headqualters,
: conczete plant and. Ranl 1ntake, and the power is to be supplled from the
said substat]on, thlough a 11 kV'dlstrlbutlon line whlch is to be ex~

tended from the substatlon to the headquarters. The powar of the power



- 82 -

statlon system JS also to be taken from the said ll k¥ transm1581on
line. Tomporary substation for both heodquaxters and pover statlon

" system will be newly constructed . The peak power requirement is esti-
mated at about 2 ,000 KW, . '

7.3, 2 Aggregate and conC1ete plants

The prOJect requltes concrete aggregate of about 40 » 000 m3. ‘The

sand and gravel to be usod as the aggregate can be obtalned from the
riverbed on the Raptl river near Nibuatar about 1. 2 kn downstream

from the confluence with the Rani 11ver._ The sand and gravel taken
from'the said rlverbed w111 be classrfled by a soreen1ng plant, which
Wlll Dbe 1nsta11ed on the rlght bank of ‘the Rapti river near. the Nlbuauar.
The capa01by of the seéreening plant will be about 100 ton/hr

‘A concrete plant oith a'oapaoity of about'GO m /hr w*ll’be'prOH

- vided adjacent to the soreenlng plant to supply conorete to the Mandu -
diversion weir and 1ntake, Rani 1ntake, upper portlon of headlace tun-—
nel, etc. Another concrete plant with a oap301ty of 30 m /hr Wlll be
installed at the power statlon 51te to supply concrete to powerhouse,
tallrace, penstook tunnel, surgo tank, lover portion of headrace tun-

nel, etc.

7.3.3 Diversion work of Mandu river

The construotlon of the Mandu dlverslon weir will be carlled out.
in the dry seoson.' The average natural runoff of the Mandu river in
the dry season is about 0.3 m /seo In addltlon 6 the natural 1un—
_off the tallwator dlscharge of 13. 1 m /sec in maximum from thé No.l
Power- Statlon will be released to the Mandu river. The method of di-

version is as follows:

-The oatural ronoff'of'tﬁe Mandu river . is.to.be.diverfed to the
_downstream reaches of the Mandu river through a. concrete plpe, which
,15 placed ‘on the exposed rock of the left bank - The tallwater
dlSChaTge from the No 1 Power Station is to be diverted to the main
* gtem of the Raptl r1ver through a d1ver31on tunnol (Wthh will be’
-constructed oonnectlng d1roct1y w1th the tallrace “tunnel of the No.l
Power Statlon) w1thout relea51ng 1t to the Mandu rlver - The dlver51on

tunnel will also be used when malntenanoerof the dlvers;on_weir and
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intake structures is being performed after commissioning of the No.2

Powver Station.

7 3.4 Headrace.tunnel

The total 1ength of the headrace tunnel i e 800 m. In-order to
: shorten the construotlon perlod the tunnel work is to be pelformed di-
viding ‘the whole length 1nt0 ‘two sectlons by méans’ of worl. adlts
The tunnel 1eogths are: 2,)00 m for the upper section and 3,300 m

for the lower section.

The tunnel is to.be_exoavated by_full—facé attack method.using
leg drills aﬁd'looker‘sﬁovels: Tunnel muck is to bo hauied:out by
 battery 1dcomotivés and locker shovels. After eXCovation;'eoncréte

lining, mortar grouting and pressufe'grouting is to be followed.

CT7.3.5 Penstock tunnel

Ih:ordol to avoid disturbance of the constluction ﬁork of tho
powerhouse, an adit is to be Lonstructed for constructlon of the pen~
stock tunnel ‘The inlet will be located at the right 51de of the
'powerhoﬁse. The exc¢V¢t1on of the tunnel's 1eve1 portlon is to be
made firSt After reaohlng the 1ncl1ned port1on, the excavatlon is _
to be ¢arried out upwards. Muck for the 1nc11ned portion is to. fall

down to the level portlon after b1ast1ng rock The tunnel muck ié to0

be hauled out byubattery locomotives and trolleys.

After éxbavation, Steel plpes are to be brought in bhc lovel porm
tion from the adlt situated near powerhouse, and the erectlon of plpe
and 1ts ‘conerete lining -is to be carrled out to downstream sldc from
| the bend- portlon which connects the 1ncllned and 1ovel portions. ::In-
the 1n011ned poxtlon, steel plpes are 0 be’ carrled 1nto the tunnel
from the ddlt located at the surge tank and its electlon and concrete
lining are to be performed-touthe upstream 51de from the sa1d bend por—.

“tion.

7.4 Constructien Piant and Machinery
The major plant and cquipment fequirod Por the conétrdction of

the project are listed as shown in Table 7.1



Table 7.1 Required Major Plant and Fquipment
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- Iiem

Quantity .

.Capacity
Aggregate plant lOO.tons/hr 1 set
Concrete.plant 60 mj/hr 1w
- do - 30 mB/hr i "
Bulldozer 27 tons | 2 nos
- do - 17 tons .5
Power shovel 2 w3 2 v
~ do - 12 md 30
"Ddzer shovel 1.2 w3 1 no.
Dumyp trﬁck 15 tons ld nos,
Ordinary truck 10 “tons 10 F.
‘Crawler'drill' 5 tons 8
Rockér-shovel' 0.4 m? g n
Battef& locomotive 4 tons 5 "
Air 6ompfessor ' 160'p$-. . 5
Cdo - 200 ps 5
Concreté_pump 20 m3/hy 6 "
Boring machine . 100 m 65# mn/m 5 n
Cf&wier crane 30 tons 1 ne.
Tfuck crane 25 tons 1 @
“fractor & trailer 30 tons 1w
- Road i‘oll_er'= 10 tons r v
Agitatof truck 3 m3 .7 nos.
| Portable concrete mixer 0.2 w’ |

2 nos.




7.5 'thstruéﬁion Mateiials

The quantltles of main materlals requlred for the constructlon
works ‘are estimated as follows., These materials w1ll_be purchased

from abroad.

Cement _ - o 17,000.tbns
Reinforcément bar . l,TOO tdns
Steel supports | 1,200 tons
Stéel plpe : | 900 tons
Trash racks .30 fgﬁs
Gatos 410 tons
Exp1051ves : l,QOO'tohs
Fuel | - 10,000 kf.

7.6 ConSfruction Scheduie

-~ The tlme required for the progect 1mplementat10n, 1nclud1ng the
detalled de51gn and pIOJect moblllzatlon, is estlmated as Shown in
Fig.7.1, to be five and a half years, of this three and  a half years
represent thé time for the_activities'ln the field requlred for the
completion of the works, including the traﬁsmissién line and subsba-

tions.

At’fhe'beginning of the dry seagon of the first year, the pro—
pdratofy works such.ds:theuqonstruction of décess roads and.buildings.
for conéfruétion“use, thé.pfovision of Water_Supply system and elec—
tric‘power supply and.cémmunication systems are to be started. These

preparatory works will take one year.

At %he'beginning of the sécond‘year, the.qonsfructipn of the Mandu
' intake Weif'is fo be cbmmehced after the consﬁruptiongpléntxénd_equipf
ment are brought in to the prOJect 31te This work will require two
yeaxs The headrace tunnel” constructlon, whzch Iepresents the mosL _

_ crltlcal work 1tem 1n the schedu]e, s to be also started at the be— ;
_glnnlng of the second year. The beglnnlng of the dly season of the
second year w111 be- the start1ng date of the Ranl trlbutary 1ntake and

surge tank LOHStTﬂLthH
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In the thlrd year, the penstock tunnel constructlon is to be
.commenced The:thlrd year,w;ll see full consbruct;on_act1v1t1es of
the magor_works specified above. At the end of the third year, the

Mandu intake, Rani intéke‘and_sﬁrge'faﬁk.will'be:cdmpleﬁed.

" In the forth,feaf, Such'civi1_Wéfk-as3£he'headiéée tﬁﬂnel,:penf__
stock'tﬁnnél and ﬁoﬁérhoﬁse will.be éarriea out'éontinhousiy; In.this
yéa}, the tanlrmce constructlon is ‘to be commenced Affbr:mdnufactur—
1ng and transpoxtatlon, the hydromech&nlcal and olectromechanlcal works

are also to be started

All vorks are scheduled to be ébmpleféd.befOTe the wel season of
the fifth year, test opexatlon of the whole system is to be conducted -
in the wet season of the flfth year, and the Kulekhanl No 2 Power Sta--

tion is to be put into operdtlon in July of that same_year.
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S Item | Quantity
Feasibility Study & -
: 'FinanCiqii Arrangement

S'Uppiefm'ehfdi Inv_esfigo'fion

Tendejr_; Design

Tender " of _Contract

Detail Design

Mobi'!iz-cnigon

Prépgrq'to'rj Works

- Access Road | 75 km
Buidings & Facilities |L.S .
- Ex. 113,000
~ Mandu Intake Conc. 22.400 -
' B o 1Ex. 48,500
_Headrace " tunnel | .Conc. 18,900
. Ex. 8,100
Rani InTUke COi')C. 3,‘00
- S Ex. - 94,300
Surge Tank Conc. © 1,100
ST Ex. 41,200
_Pe_n.s!ock | Conc. 10,400 :
Powerhouse & . Ex. 486,900 m
' Switch Yard | Conc. 7,900 -
T’ | T | Ex. 7,600
| ‘anracs - Conc. 1,900 -
‘Hydro-mechanical L -
S Equipment o
‘Electro-mechapical . LS
. : Equipment et
‘Substation { Extention) [L s
& Transmission Line | 32 m
R - S D - ' : o _ . _ o CO_H:T ‘COHTFG_C_T.'.‘._ Wet season
_ ' ‘ - ' S . S : s S Mft 1 'Manufacturing . L
F]G.?.l CONSTRUCTION THV'E SCHEDULE ~ Remarks. Tr Lol Tr_un‘spor:tdtidn.':]_ Dry season
' ' ' ' - : : - : o Ex = . Excavation ' : '

Conc 1 Concrete o == Months .
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CHAPTER VIII

COST BSTIMATE

8.1 Construcblon Cost

The total constructlon cost of the Kulekhanl No.2 Hydroelectrlc
{Progect was’ est1mated at US$48 mllllon compr181ng US$40 8 million of
forelgn currency portlon and US$7. 2 m11110n equ1valent of local currency :
portlon The’ cost includes direct constructlon cost, englneerlng and
administrat;on cost,-phySlc&lnconﬁlngenqy &nd-cqntlngency for price

escalation.

_ The fdlloﬁing are the conditions on which the cost eStiméte was
based: ' '
- Thé'éstimqte was based'on;prices prévailihg'in Augusf'i978.

~ The following exchange rates were aSsumed:

1.0 US Dollar =.12.55 Nepali Rupees”ﬁ_ZlOIJépaheSe Yen

— The cphétrucﬁipn was assumed to be carriéd out by coﬁtr&ctors'
‘selected through international competitive bidding.

~ The work guantities were_dalcﬁlated based on a preliminary

design as shown in the attacheéd drawings.

- Unit prices for edch-work item included direct costs such as -
péréonnel and Iabéuf expenses, matériai costs, . operatibn and 
depreclatlon costs of constructlon equ1pment, and 1nd1rect
costs such as the contlactor 8 overhead ‘and admlnlstratlve
‘expenses. Unib- prlces were bascd on the cost of labour,
mater1al and constructlon machlnery requ1red for the w0rks Whlﬂh
were determ1ned aq the result of constructlon plannlng. However,

_thelr values were rev1ewed referrlng to the bid unit prices of

the Kulekhanl No 1 POWEI Stﬂtlon.

_ ~ Domestic currency would be requ1red for the land acqulslblon
Lcost, the labour cost, purchase of domestlcally procured materlals
‘such as tlmber, brlcks fuels, ete. and tr1n8portatlon charges

in the terr1t01y of Nepal.

- Taxes ‘and dut19n to- be levled by the Government of Nepal, con51st1ng
_of oontract. tax and income tax, were. 1nc1uded in the: 1nd1reet

:cost of the unlt prlccs. Other taxes and-dut;es sugh a8 persongl.
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Table 8.1 Summary of Construction Cost

(Unit: 107Us$)
Thom Foreign Local Total
o Currency Currency _
I. Prepardtbry Works o 1,100 610 1,710
'Access road (7 km), bulldlngs
and serV1ce ‘utilities
TI. Civil Works | 13,810 2,170 115,980
1. Mandi diversion weir and 1ntake 3,210 360 3,570
: Fxcavat;on. 115,200 -’ '
Concrete: . o 23,900 m> _ o
2.  Headrace tunnel L 5,900 960 6,860
Excavation: ‘ _48,500_m3
. Concrete ,”_' : 18,900 m3
3. Rani tributary intake . 600 70 670
Excavation: 8,-100:1113
Concrete: : : -~ 2,000 m3 .
4, Surge bank SR 700 150 - 850
Excavation: - 93,400 m3 o
Conerete: 1,100 m3 e
5. Penstock tunnel R 1,970 370 2,340
" Excavation: 41,200 w3 :
“Concrete: 10,400 m3 o .
6. Powerhouse = - . : 1,080 190 1,270
- Excavation: . 39,300 m- : '
Concrete: 6,000 m3
7. Tailrace - - : : 350 . 70 420
Excavation: - 7,600 m3 :
Concrete: 1,900 m3
1. 'Hydrommechanlcal Bquipment _ 4,120 400 4,520
Trash rack and gates ' . 440 tons ' .
.Steel pipe: : 900 tons
1v. :Electro—mechanlcal Equlpment 10 990 _ 1,200 12,190
1. Generatlng equlpment : 3, 200' 750 .8¥950
- (15,000 kW x 2 ‘units, 3, 000- KW x 1 unlt) _ ST
2. Transmission line (132 kV, 42 km) = 1,340 300 1,640
3. Substation (39.6 MVA) 1,450 150 1,600
potal (item I.to IV) (30,020) . (4;380) (34,400)
RE Enéinee}ihg.Service 4,000 500 4,500
V. Genmeral Expenses' - liOOQ 12000'
vii. 'Contlngen01es : _ 6,780 . 15520. '8;100
1. Physical (10% of Ttems I to VI) 3,390 660" 4,050 .
2. Escalatlon : 3,390 660 4,050°
'::_G;and Total 40, 800 7,200 . '48,000
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. income tax on the ompioyees of fhe Contractor,'and.the eﬁstom
duLles on the equlpment and mgterials 1mporbed by the Contractol

were ‘also laken 1nto 1ccount in the respectlve unit prloes.:

- The cost of englneerlng Services for detailed d981gn and constructlon
supervision to be 1endered by a forelgn consultant was estimated -

assumlqg.the w01k-perlod, numbers  of engineering staff réquired, etes

_ General administrative expenses of the Government of Nepal were

aSsumed to be”abbﬁt'B'pef cent of the direct construcﬁion'cost.

- Compensatlon cost for land and hcuses in the progect area and
right-of-way of the land to be requ1red for the executlon of the
'pro;ect which are to be furn1shed by'the Government of Nepal ‘are
'1ncluded in the General administration expenses of Government of V

Nepal.

- The physical conbingency was estimeted to ‘be 10 % of the total cost.
‘The price contingency was esbimated assuming'an annual escalation

of 5 %.

A summary of the construction cost is shown Table 8.1

8.2 Annual Diébhrsement:Schedule

‘Construction funds w111 he dlsbursed ‘over a perlod of the four years needed
toicomplete-the ppo3ect works. The ‘anfual fund requ1rement was estlmated :
as shown in Table 8.2, based on the construction time schedule as described

in Paragraph 7.5.

Table 8.2 Annual Disbursehent'sehedule _
' ' (Unit:_:103U8$)

Yoar Foreign Local . - Total
- Currency currency S
st year 8,400 1,500 9,900
20d year - . 12,200 . 2,100 14,300
3rd year . 13,000 2,300 o 15,300 -
4th year o 7,200 . 1,300 . 8?500

Total - 40,800 - 7,200 . . . 48,000
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8.3 Operation, Maintenance -and Replacement Cost

" The Electricity Department of the Ministry of Water and Power will

manage the opératibn'&nd_maintenanée of the Kulekhani No.2 Pover Station.

.Thé_annual,opération_énd mainténance'éost'(OM cost) consists of .
the average annﬁ@l_ékpénditupe fof admfnistr&tioq; operating ﬁe;sghnel,
equipméhi, Suppliéé and'dther.cost requiréd_to keep.the Kulekhani No.2
Hyd:oéléctriC'bejéct in effibiént operating con&itionsf The.OM ost
is estimated ab U53é50,060'in terms of_annual.équivalent cost, as dis-

ccussed in_Appendix ITI and summarized as follows:

Personnel expenses ' - US$90,000
Maintenance and repairing cost US$80,000
Other expenses ' US$80, 000
Total - : : US$250,000

‘Some parts of the ﬁroppsed-projgct facilities will periodically
be.féplaced. They.will'be hydfé;mechanical equipment and electro-mechanical
equipment . 'The'eéonomic.life is different'by item but it.is estimatedf
to-bé 35 yearé on-ah‘avéfage. The replacement cost, after deducting

10 % of salvage value, is estimated to be US$15,040, -
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