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PREFACE

In: reSponse Lo the request of HIS Ma;esty 8 Government of Nepal,

“the Governmcnt of Japan dec1ded to. conduct a- fea81b111ty study on the
Sapt Gandakl Hydr0"electr1c Power Deve]opment ?ro]ect and entrusted the
study to the Tapan International Cooperatlon Agency {JICA). The JiCA sent
to the Kingdom of Nepal a study team headed by Mr. Masashi YAMAéﬁCHI,‘

8 times during the period from February lst,” 1981-t0 October 10th,_1982.

The team conducted the study and had a series of discussions with
the officials concerned ‘of His Majesty's Government of Nepal. "After the
team returned to Japan, further studies were made and the pregsent Teport

has been prepared

1 hope that this reporttwiil_be useful as a basie reference for the
" ‘Sapt Gandaki Hydro-electric Power Development Project and contribute to

the promotion of the friendly relations between the two countries.

I wish to express my deep appreciation to the officials concerned of
His Majesty's Government of Nepal for their close'éooperation extended to

the study team.

January, 1983

Aé& hé

Keisuke Arlta
President -
Japan International
Cooperation Agency
(JICA)
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 SUMMARY, CONCLUSLON :AND RECOMMENDATION, - -

- PROJECT BACKGROUND -

1. The Sapt Gandaki River dralns ‘a basin of about 31 100 km in the .
. _central part of Nepal above ‘the’ confluence of-. the two m Jor
'trlbutarles, the Kali Gandakl and the Trlsulganga The rlver
.fentere into the. Inner Teral Plaln about 3 km downsLleam therefrom.‘
.It has an abundant eream flow. Its annual average runoff amounts_
to about 1, 500 m3/sec Ihe Sapt Gandaki Hydroelectrlc Pro;ect site
is Located ]ust downstream of the confluence and about’ 4 km’ north

‘oi Narayangar

-In the w1de area souLh of Narayangar in the Chitwan Valley of the
inner Teral Plaln,‘a number of new prOJects are belng developed
:1nclud1ng hlghway, transmlsSIOH 11ne and 1rr1gat10n A new nor th-
'south hlghway eonnectlng with the Kathmandu—Pokhara Ioad runs’ near
the Progect Slte Such a 31tuatlon makes the deveIOpment of the
‘Sapt Candak1 Rlver more attractlve in view of 1t€ acce551b111ty

and reglonal development.

Z;W 'The power and energy demand w111 be narrowly met unL11 1988/89

' by ‘the’ stagewnse development 1n serles of the hydropower of the
' ”Kulekhani No 1, Devrghat Kulekhanl No 2 and Marsyangdl Projeetq
._To meet Lhe demand thereafter, a new hydroelectrlc prOJect is

"needed to be, put i servrce

_In view of sueh Sltuatron and of Lha future growth of power demand :”
“the Eleetrlclty Department (ED) of HlS MaJesty 8- Government of
Nepal (HMG) intends to deve10p the Sapt Gandakl Progeet, follow1ng

the prOJects now under Implementatlon stage

3. "HMG dec1ded to carry out the Fea51b111Ly Study of the Sapt Gandaki _
'”_PIOJect ‘and offltlally requested the Government of Japan to pr0v1de

a techn1ca1 cooperatlon for the Feaglblllty Study in Deeember 1980.



‘ The Government of Japan agreed to: the request and dec1ded to send
-a JICA Survey Team for the Feasibility Study : The Feasibillty
Study of the. Sapt Gandaki Project started from the beginning of
February,_lQSl_to_a sess the economic and teehnical soundness “of

the Project.

INvEsTiGATIONJAND STUDY,

4o The: Fe381billty Study of the Sapt Gandaki Hydroelectrlc Power

: Development Progect has been carrled out in three stages, namely
.Stage I, II and III. The investlgation in the Stage i Study was
made in two months from February,’ 1981 to roughly clarlfy the
geologlcal condltion of the dam foundatlon at the proposed dam51te
and to collect the relevant 1nformat10n, Another ObJECthE was
to make the prellminary technlcal and economlc evaluatlon to sée

"1f it is Just1flable to go into the succeeding - Stage ll and 11T

 Studies.

5. _:After the prellmlnary assessment on the technical and economlc
':;'fea31b111ty of” Lhe prOJect was made in. Stage I, the Stage II Study
.was proceeded w1th fleld surveys in tOpography, geology, construc—
tlon materlals, meteo hydrology, env1ronment and power market in
more’ detalls for a period from August 981 Lo Apr11 1982 In the
Stage III Study, the detalled study 1nclu51ve of the plan formula—
'tlon, deslgn, cost estlmate and economlc analy51s was carrled out

to fully prove the feas1b111ty of Lhe Progect

The geological 1nvestigation in Stage I and II contalned 21 core
_'borlngs (942 m 1n total length) 17 traverses se15m1c prospectlng

-(9 8 km 1n total length), 1n-31tu rock tests in Lhe two adlts, etc.

POWER DEMAND FORECAST

6. ;”The total 1nstalled capac1ty of power in Nepal is 85 l MW as of
| 71981 out of which the avallable ouLput 1n the dry season is 63 2 MW,
'iHowever, the power supply condltion was gettlng worse as seen in
| the fact that the annual 1ncrease ‘rate of power supply was drast1—

:qcally down From 9/ of 1977/78 to 1. 1% of 1978/79 in. the central

el 1 B



system, while the averag inerease_rate'ie 7. years befere_1977/78__'

" was 16, 2/

“The future increase of power and enerpy demand was fqrecasted_bj :

the following two differentﬁapproachee;'

(1) ‘Global demand forecast based on the. past. trend of
'demand growth inc1081ve of thoee made by ED and the
© JICA Team. '

f(ii)'LSectoral demand forecasL based on’ the economlc ‘growth
.1n the non agrlcultural eector and the dcvelopmenL
‘~0f potentlal prOJects pr01ected 1n the 6th-and 7th
  F1ve Year Plans in addltlon to the recotded past’

'demand of the.reSpectlve sector. .

-Tﬁejdéﬁand‘fOreehete B&fthe'abeﬁe.ap?roaeﬁes indieated"ah”apbro—

ximate‘COncurrenee' Further, rev1ewing the seetoral demand forecast

'in“Jetail' ‘the’ total prOJected amount . of the energy 1equ1remenL was

Judged reasonable. (The demand’ forecast in the 1ndustr1a1 sector

fseems Lo be overestlmaLed o some extent while those 1n the

'commerelal and domestlc sectors to be rather conservatlve, offset—

"tlng each other.)

y For the feasibility etudj-of the'Sapthandaki Project, the global

' demand forecast”madeiby:ED was_adopteaﬁ_

- In thls forecast the max1mum powe1 and energy demands were

'estlmated to reach 113 Mu and 416 GWh in 1984/85, and 286 MW and
1, 078 GWh 1n 1989/90 respectlvely.

7.
8.
SITE CONDITION

'The Sapt Gandakl‘PIOJECt 51te 15 characterlzed by the deep rlver

'~gravel dep031t weak foundatlon rock b1g rlver run—off and large

3ed1ment transportatlon,‘all of whlch are the elemean to 1ncrease

"the cost of the prO]eet 1mplementat10n

- iii-
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1.

12.

.}Thc dam foundation is composed of alternating sandstones, mudstones,-'
'conglomerates and. intraformational ‘breccias of Neogene Siwalik

Formation.‘ Gray massive sandsLones a1e predominant

‘The river gravel deposit was fOund to be around 30 m’ to 40 m in

idepth in the middle part of Lhe river channel, while Lhe depth is
.iaround 15- to 20 m in- the both 31des CA more than 40 m thick and
h'400 m wide terrace gravel depos;t exists on the left bank in the

-orlglnally proposed damslte A, while 1t 1s 130 m to, 150 n w1de in
_'the downstream alternatlve sites (B and C) As such, it was judged

.that the orlglnally proposed dam51te~A would not necessarily be -

the most advantageous and that a- comparatlve study w1th the down~

.stream,sltes be reqolned.

In s1tu rock mechanlcal test revealed the shear strength of the :

2

foundatlon sandstones Lo be approxrmately 8. kg/cm in: coheslon

and AQf_in 1nternal frlctlon angle. These are. the marglnally low

valnes'for deslgn of a concrete dam w1th a con51derable helght

The'annual average run off at the dam51te is about l 500 m3/s

' The average monthly run~0ff ranges from about 4, 200 m /s in August
_to about 280 m3/s in March. The max1mum dlscharge of 16, 350 m3/sec
- was recorded on August 5, 1974. The dlscharge of.904 f1rmness in

‘tlme is found fo be 290 m3/s.

The flood frequency analysas 1nd1cated that the prohable flood

“magnltude of 200 1 000 and 10, 000 vears' recurrence 1nterval are

.'about 19, OOO 23 000 and 28 000 m3/sec 1espect1ve1y : The sedlment

transportatlon of - the Sapt Gandakl was estlmated at a very large '

quantlty of 2, 800 m3/km2/year (2. 8 Uy in’ terms of the depth for

'the ba81n) or 87 l x 106 3/year at the dam51te

_Su£f1c1ent concrete coarse aggregatc of atceptable quallty are.p h
;avallable from - the rlver gravel dep031ts in the upstream and down“f'
dlstream reaches of the dam51te ' The flne aEgregate can be obtalned
.zfrom the sand bars spreadlng 1n the Khagerl Khola about 7 to 8 km

'far from the dam91te

iy



‘The clayey soil’ material covering the tableland with a depth of

3todm in the 1eft bank of the damsife is considered the most-'.

' sultable source of the core materlal For .the; p0551ble flll type dam

-scheme, while the quality w1ll have ‘to be improved by mlxlng some

' Coarser materials.' The rockflll materials are also avallable from

the quarry located at- 7 Lo lO km north of the damsite or the gravel B

dep051Ls spread in’ the Sapt Gandaki the Trlsulganga and the Kali_'

_ Gandaki rivers. f

PLAN

13.

FORMULATION =

< In order to flnd out the opLimum prOJect scheme, compararlve

'=stud1es of- varlous concelvable progect schemes were carried out.

The basic factors 1nv01ved 1n the study are the dam51temA and -B,

'the dam tyne - concrete grav1ty type and £ill type, the development

.j'scale full supply level EL 210 220 230 and 240 m, and the
‘1nstalled capac1ty - 75 MW 112 5 MW 150 MW 187 5 MW, 225 MW,

14,

7262 5 MW’and 300 MW, (Installatlon consists of 3 unlts w1th the

prov1s10n of . addltlonal one future un1t ) A total Df 64 alter—

natlve schemes Wlth varlous comblnatlons of the basle factors were

_selected for comparlson

The'benefit'ih”each sehemes'was:estimatedmby simﬁiatingtthe'plant

operatlon w1th the cemputer, uslng the stream flow deta The‘cost

ﬂwas estlmated through the prellmlnary de51gn made for each case,

' 1nc01porat1ng all the fleld 1nvest1gat10n results

liThe optimum prOJECL scheme whlch is- defnned ns one to yleld the

fmsx1mum net beneflt is 1nd1cated below

" Optimum Project Scheme

.yﬁamsite :;;.;,;;,.LQ,;,.;.J,::..;..,.;...{ Daﬁsdte;B “”
gDam type ";;g;;..g.;},u}fcg,;l;,;..r;(_:.,; Fill tyﬁetdam
.".r:DeveIOPmedt scale tffs.};.L,;,.;..f;;t.:;r F. S L 230 0'
:Installed capac1ty ..;ifﬂ,:;.t;,.;};{},,.. 225 Mw N
'Firm peak power output ;;Efe.;;;.,..ere.. 174 qw _

' Primary and secondary energy .:-1--4}-7;. 757 CWh & 852 GWh jj
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17.

" PROJECT DESIGN . . .-

The selected project scheme has to.be designed as a runwofnrivcr
type since the reservoir will be filled up’ to the spillway.. crest

with sediment . in several years.

:The main dam 1s designed as .a 7oned rockflll dam of cenLer core B
':type The dam crest level was set aL EL 238 with 8 m freeboard
habove the reservolr full supply level " The cEnLer core does not
g:reach Lhe bed rock The treatment of the riverbed deposit, about
h30 to 40 m deep in the center nf the river channel to intercept

:underseepage is- deslgned to be done by- the constructlon of. a cut—

off concrete wall 1nstead of a‘core trench usually adOpted

:,Two large dlver51on channels (one on each bank) are prov1ded for
.handling the big river run—off during construction and beeause of

uthe c0nstruct10n procedure. The de31gn flood for the river. dlver—

510n system is the recorded max1mum flood of 16 350 m3/sec._

;Two splllways (one 1n each of the rlght and left bank dlverslon_.

channel portlons) are prov1ded separately from the rockfill dam

'-The splllway con51sts of a gated concrete dam and ‘a 100 m long

;'stilling basln - Three rad1a1 gates (15 m w1de and 19 m hlgh) are

'fuset 1n the 52 m.wide righL bank spillway and 7 radlal gates of ‘the

'_same type are set 1n the 126 m w1de 1eft bank 5p111may 1 1he spillw
way. has a capac1ty o pass the de51gn flood of 23, OOO m3/sec (l 2

'ftlmes of 200 year recurrence flood) w1th a- freeboard of 5 8 .

'-:The spillway also has a capaclty to handle lO 000 year flood of

:27,400‘m3/sec which is considered_nearly_correspondlng to the_h

'Prohablewnaximum.flood:with'affreeboardrofrgtoiﬁ.

‘Thus, ‘a suff1CienL allowance of the freeboard 1s given 1n con51der~'

' fatlon,of hydro]oglcal uncertalntles 1nvolved in the hi ge catchment

;b381n and unexpected troubles 1n the spillway gate operat10n.='
: 'Further, 2 sets of emergency diesel penerator and a device for Lhe

'_auLomatic gate operatlon are prov1ded in v1ew of the risk thdt no

electr1c1ty or operator is avallable at the flood time. '

OO RENE



18.

19,

The ' power waterway and power . sration are. prov1ded in the 1eft bank

adjacent to the left bank spi1lway.' 3sunits:of the.generator, 75

. MW each, with Kaplan type tulbines arehto;be_set;in*thefpower house.‘

'The heaVIest part of the generating equipment for transportation

_will be about 30 tons of Lhe rotor (about 35 tons including the

traller welght) A few bridges between Blrganj and Hetauda can

not sustain,the above load and w1ll have to be’ strengthen.'

'Taking 1nto con51derat10n sedimentation and suspended load during

ithe Ilood period an 1ntake wall to protect the 1nflow of sediment

1s pr0v1ded 1n front of the power 1ntake Its crest level ig set

10w’ hlgher than the spillway overflow crest “Level, - The sedlment

-Wlll be effectively oischarged out together with' the splllway d1s—

:eharge without' settllng in front of the intake wall

An alternatlve layout prov1ded with a desiltlng bas1n 1nstead of

. the proposed 1ntake wall was examlned However, A4t ‘wasg concluded

that such costly structure would not be essentlal for the - reasons

that the 1ife of turblne blades w111 be extended up to around 10

='years by uslng 13 Chromlum H1~N1ckel steel whlch is durable agalnst

abras1on and that in case the damage of turblne blades by abra51on

~ 'occurs, 1t w111 be p0531b1e to repalr the damaged blades by the

20,

bu11d-up—weld1ng at, very low expense

:The 1ntake and penstock (only the portlon embedded 1n the dam.body)

"’for the 1nstallat10n of additlonal unlt 1n futurc are. prov1dad -"A’

.‘Space for the additlonal un1t 1s left open in. the rlver blde of the '

"power house for convenlence of the operation of the flrst 3 units.

CONSTRUCTION PLAN:

2I.h The constructlon plan is prepared based on the prellmlnarj desrgn R

fof the pro;ect components It w111 take about 5 years (61 months)

from the contraet award for the c1v11 works to the commlss1on1ng

' ~f"of the first 75 MW unlt of the generator In addltlon to “the above

:constructlon period two years are. necessary for the f1nanc1al

,.arrangement, supplemental 1nvest1gat10n, tender and LOntraCt awardlng.

R Z E A



' 22.--Aasuming that the financing f01 further investigation and design“
c'for tendering is achieved by the end of March, 1983 the power
..commissioning of the project could be" made by the beginning of
:the 1989/90 dly qeason, i.e. by Lhe end of October, '1989. Tt is
'reCDmmended Lo succe551ve1y start the installatlon of the second
-r:and third - 75 MW s0 that its 1nstallation can be completed at the.

beginnlng of the’ dry sedsons in 1990/91 and 1992/93 respectlvely;
"?RDJECTfCOST

23, The total prOJect cost of the selected scheme is estlmatpd at .
N LU S. $354 7 X lO6 whlch conelsts of Forelgn CurrenCy of U.S. $299 8
X 106 and’ Local Curtency of U s, $54 9 at 1982 July price level

excluding the cosL of the prlce escalation.

245:'Fhe 1nvestment dlsbursement schedule is prepared as shown below,_.
aesumlng that the price’ level rlses at ‘an annual rate of 6/ and
L.C. is flnanced from the Government budget while F, C. is flnanced

. by a forelgn 1oan w1th an interest rate of 4/

(Unit: 10° US$)

Total of bfesentlday 1-thgPriCe

F%i;i;‘ . constructlon cost "'centingench4_: "igtgfgst-'_ Total
rea F.C.. . L.C. .- FuG. . T1.C.. P ELe
1982/83 3,585' 1,663 35 100 - 1s2 5,715
1983/86 3,046- 1,565 - 376 193 - 289 . 5,469
1984785 14,936 3,873 2,853 740 1,000 - 23,402
-:1985/86j:'f~28;37dc,g_6,293' 7646 1,652 2,433 46,194
1986/87 59,725 11,127 . 20,7201 . 3,763, 5,630 100,446
1987/88° - 63,544 - 11,170 26,594 - 4675 9,23 - 115,219°
1988/89 72,449 11,780 36,488 5,933 13,503 140,243
1989/50 32,513 6,756 19,308 2,826 2,073 61,474
1990/91 10,702 - 1,318 7,379 . 909 723 21,031
1991/92. 7223 895 os,712 708 1,241 15,779
1992/93 3707 460 3,330 w3 1,522 9,432
11299 800 54,900 129,907 21,910 -37:692Qi'ef1544 404
354, 700 f'i]ﬁ.f,'léi 812 :'ﬁ (75 783) | (582 295)

_Reméfkéi—*Flgures in parenthe81s ehow the amount w1th an interest rate of

. 8/

- viii- =



ECONOMIC AND FINANCIAL ANALYSIS

25. The power and energy output is c13831f1ed Lo the firm power,l-
hprimary energy and’ secondary energy.- The firm power s defrned as
the power output which can be guaranteed w1th 90£ firmness and with
a capacity factor of . 50/ in operational duration aven in drought
years.- The estimated firm power Lo be generated in the Sapt Gandaki

power plant is 174 M,

:VThe prlmary energy 1s defined as. the energy to be pro-ueed w1th
- the: flrm powe1 at SOA capac1ty factor The secondary energy 15 :
':any surplus energy other than the above primary energy to be

-:generated beyond 50%- capac1ty factor 1n the hlgh rlver flow season.

'The power and energy output depends upon the demand of the system

"and caleulated as shown below

instailed | Firm .

.Fizzil Caparlty . Power. L ;_eEnergy (Gwﬁ)"' EERE
: (Mw) - (MW) .. Primary Secondary Total
1989790 h_75 s a2 3 el
1990/91 - 150 104 456 - - 750 .1;206’
1991/92 IS0 .. 142 0 e21 . 585 - 1,206

1992/93 225 - I7& 757, . 852 - 1,509

,.=(

26.. The,project beneflt is the power beneflt Whlch is. estlmated w1th
the cost of Lhe most 11kely dlternatlve power plant in: the absenee
 of: the progect The alternatlve in thls case 15 the 100 MW coal—

 Fired- thermal plant

' _The power benef1L is. lelded 1nto the capac1ty benefit and the
energy beneflt The eapaelty beneflt con51sts of the 1nstallat10n
.cost, 0perat10n and malntenance cost and replacement eosL of the |
'alternatrve thermal plant w1th the eame capac1ty as the progect

The capaelty beneflt 1s estlmated as follows

—-.ix =



C 27,

BT

Capacity Benefit

‘Estimated ~  Adjustment - Firm ' Amiount

Dnit Cost..d- ©" Factor. . Power (103fUS$)*
Installatdon Cost - U.S.$1, ooofkw\f-. 11730 174MW 204,102
| Replacement Cgét:"_u-5f$‘ 900/kW ¢ 1.173 . 174 MH 183, 692

Annual 0& M Cost  U.S.$ 0. 30/kW. . 1.173 01 174.MW 6 090

.The energy bene£1L consists of the primary energy beneflt and the
:Tsecondary energy benefit The prlmary energy beneflt is con51deredh
wto be the fuel cost requ1red i the alternatlve thermal plant for
_generat1ng the same amount of. Lhe prlmary energy as the prOJect .
Te 4s valued at U S $0 042/kWh based on the coal price of U S $63/ o
1_ton.; The seeondary energy 1s considered not consumable 1n Lhe '
‘;system but is aSSumed to be exportable ro India w1th an energy
jloss of 40/ Fhe revenue from Tndia (U S $0 024/kWh) ls consldered

fas the secondary energy beneflt The estlmatedrenergy_benefit is

as follows

'Energy'BEnefit

3

",pIOJeet 1n Nepal'l

R S e '”(Unié' 10 U.5.9)
e T s e o
1989790 13,524 -a,632' 18,156
1990/9L 19,152 110,800 - 29,952
dgerjor o Uas0s o maze o msos
1992/93 onward e 3i;7gﬁ_jzl."-_l25264‘j ?.':-_ 44;658‘.”

';of the économic. 1nLernal rate Of return (EIRR) is ealcu~'

:1a'e at_l6 2/ for the evaluatlon perlod of 50 years The beneflt—ﬂ

::cost ratlo (B/C) 1s calculated to be 1 28 at 127 dLSCOUDL rate

fThls value 1s hlgh enough for the 1mplementat1on ‘of the hydropower

o The ETRR of the pr03ect is not very sensltlve

to the dev1at10n 1n cosL and beneflt, 1ts value belng ll 4/ even

1f the cost is 1ncreased by 207 and the beneflt is reduced by 10/

feoncurrently



The . value of. the financial internal rate of return (FIRR) is
calculated at 9 ZA for the evaluation period of 30 years._ This . >
value shows thdt the project 1s financ1al]y viable even 1f the

aproject costq are. financed by 1nte1national financ1ng agenc1es.

o 29. lhe loan repayment analysis indicates that the accumulated surplus-
”-will be: turiied: 1nto a p051tive flgure only one year after the :
- project. reaehes its flnal development stage in 1992/93 After— -
1lwards, the: progect ylelds the annual proflt of about U S $37 mll—
“1lion afLer deductlng the loan repayment from the net revenue _7The.;3
'accumulated surplus at the end of the repayment period 2011/12
will reach about U S $670 mllllons This amount exceeds the total.
:.requlred flnanclal cost of Ehe' progect and makes it p0331ble to'l
reconstruct a saine klnd of pr03ect ‘at the end of the' prOJeCt life.
JThus, “the prOJect 1s also Justlfiable from the v1ewp01nt of loan

repayabll1ty

ALTRRNATIVE PROJECT ‘SCHEME  (SECOND CHOICE) =

30. In case f1nanc1ng d1££1culty becomes the maJor constralnt tor the
| Vﬁpro;eet 1mplementat10n, a smaller alternative scheme may have to
:ube chosen as a second ch01ce even at the sacrlflce of ' the economlc
advantage The follow1ng scheme is recommendable -as the second

Vch01ce 1n v1ew of the less coat and reasonable profltablllty

"Becomnendatle Alternative Scheme -

f-Damsité~;;;;{.3;;;j.;;,;}3.,i;;;;.,f.;{}.” Dam51te—A _
1{Dam type'“5.Qlt;1};.;.ft;;}..lt;Ql..;:.il Flll type dam:“
QFull supply level '}}l,.,,;}};.}ngglli.. EL. 220 L
'f [nstalled capa01ty...l;}h;{;‘ ..... }urx,.}.'3l50'MW'“
. Firm' power output {;,;;;{.,3;...J;;}i}flf ‘134 Mw ‘

fPrlmary and secondary energy f.:3.f..:;.;f 580 GWh & 544 GWh

R T



31.

32,

33,

34.

‘The rotal projectheost'bf the: a]ternafiVe gheme 1s estimated at

U S.$276 5 % 106 which consists of F.C. 234 5 % 106 and L,C, 42.0 %

_106 at l982 July prlce level. The total necessary fund including

the cost of price escalaLion (dnnual rate 6%) up to’ 1990/1991 and

: interest durlng construction is esulmated at U.S.$423. 5 x 106

The economlc 1nterna1 rate ‘of return (EIRR) is calculated at’ 16 3%
for the evaluation period of 50 years. Thns value ie still high

enough for the 1mp1ementatlon of a hydropower prOJect in Nepal
The financial internal rate of'return'(FIRR)'ie celculated at 8 8%
for the evaluatlon period of 30 years The alLernatlve progect

scheme w1ll be flnanc1ally viable. if the project cost is flnanced

with an 1nteresL rate less rhan 8 84._'

The loan repayment aﬂalysls 1nd1cates thet the alternatlve scheme

is also 3ust1f1able from the v1ewp01nt of loan repayablllty

_EF - TRONMENT

1t was 3udged that the effeet of the project on the rlverlne.

_flshery can not be 1gnored 31nce about 10/ or the nearby 1nhab1t—
.aan are exclus1vely engaged 1n river1ne flshery, gettlng cash
'1ncome by selllng flsh ]n nearby communlties.- Thus, it was ;
“.determlned to provlde a flsh p3351ng faclllty The flsh p3531ng

.feelllty is’ provided on.Lhe slope of the right benk.

The area of agriEUltural lehds and the'humber:of reeidenriai:houses

to. be submerged by the proposed reservoir w111 amount : Lo dbout 440

" ha and 490 nos. in total, respectlvely In addltan to the above,

three, tradltlonel Lemplee,rfour schools,'two suspenelon brldges

pcr0551ng the rlver and about 8 km of the exlstlng Mugllng Road will

'.also be lnundated assumlng Lhe reservolr water level of EL 230

The total Compensatlon cost requlred for Lhe above 1s approx1mately

. estlmated at u. 9 .$9,000, 000

= Xii -



EXTENSTON SCHEME

35, 'If _some storage reserv01rs to regulate Lhe seasonal varlatlon of the
rlver run~off- are’ created in the upstream reaches of the Sapt Gandakl
PTOJECt the flrm dJscharge into the Sapt Gandakl PrOJect will in-
creaee mak1ng it p0531b1e to expand the 1nstalled capacity of the
Sapt- Gandakl PrOJect The study thereof 1nd1cated that .the p0351b1e:

'1ncrease “of the flrm dlseharge would be from 290 m3/sec to more than
750 ‘m3/sec. Wlth thls 1ncrease of the flrm dlseharge, the flnal
'1nstalled capaelty of theé Sapt Gandakl PrOJect can be’ extended up to
a range of 400 MW to 600 MW The definite flnal 1nstallatlon will
depend on. Lhe magnltude of the dally peak dlscharge released from
_the 1mmed1ate upstream hydroeleetrre power’ statlon of storage ‘scheme.,
'The fac111t1es for exten51on (addltlon of lOO MW to 300 MW) will be .

constructed on the’ rlght hank

" IRRIGATION WATER SUPPLY

36t The Sapt Gandakl PrOJeet w111 make 1t p0351b1e to supply 11r1gat10n
water by gravrty flow from the reserv01r to the . Chltwan Valley -
irrigation project), 1nstead .of pumplng up by the: pumplng station
wh1ch is helng construeted at about 4 Km downstream from the PrOJeet
site. It, however,,w111 ‘be accompanled w1th a’ loss of energy of the
Sapt Gandakl Project due to the supply of 1rr1gat10n water and the

neeessary constructlon cost of the 1ntake faC111t1es and canal, etc '

The. study revealed that the full ut1]17at10n of the pumplng fac111~
dtles in ‘the downstream would be more profltable for the time belng
and that the plan of the 11r1gat10n water supply by grav1ty flow
from the Sapt Gandakl PrOJect should be con31dered at . the tlme when :
'the replacement ‘of the pumping faellltles'becomes neeeSsary after

about 25 years.

DEVELOPMENT PLAN OF HYDROPOWER PROJECTS
37. There are several hydropower proJetts for whlch Lhe technlcal

and economle feaslolllty ‘has been eonflrmed through the Eeasl—

'blllLy studles already made Those are the Kall Gandakl Project

e xidio-



{Scheme A), the- Kankai MUltLPUIPOSE PrOJE(t the Hulghat‘?rojeet"

and the Sapt Gandakl PEOJECt._ The Kankai . scheme is of the storage-

" type snd has the eapac1ty to regulate the. seasonsl variation of

the run-off,. fhe others are of the run~of—river type.

To meet the'fnture growth of pomet demand, the most - desirsble'or.-
beneficial development OVder'of Lhese hydropower prOJeots was
sought by carLying out the compdratlve study of severel concejvable

CBSES-

The most beneflclal one appeared 1n the case Lhat the Kankal PrOJect
is flrstly developed in’ 1989/90 when the pwoer demand w1ll reach _
the supply capaclty of the system However, exsmlnlng the 1mplemen=

tatlon of - the above development plan 1t was found that ‘the’ c0n~

*structlon w0rks of two pro]etts w1ll mostly overlap 81nce the
' ucce551ve proJect ha to be completed two years after the

eompletlon of the Kankal PTO]ECE Con51der1ng the flnanclal

dlfflculty due to the above overlap will become a maJor constraint

'for the. 1mp1ementat10n, the follow1ng development order,‘whlch is

'.the 8econd advantageous, was recommended as the most recommendable

from the practlcal viewpoint.

Sapt Gandakl (Nov 1989)‘e Kankal (Oct 1993) = Kali Gandaki
(Feb 199%) -~ Mulghat (Feb 1997)

’Note:“ ¢ ) shows the commisSioning_time'of each project.

FURTHER TNVESTIGATION .

- 38.

In addltlon to the data and’ 1nformatlon so fer obtalned the

1.follow1ng further 1nvest1gatlon and tests w1ll be requlred for

the tender -and- detalled de31gns of the eomponents 1nvolved in the

- Sapt Gandakl Prog ect.

- Addltlonal geologlcal 1nvestigat10n Lo confirm more accurately
. the surface of the bedrocks under the river de0051ts ‘and the

terraee dep051ts

I SR



- Additional 1nvestlgation of the construction materials to confirm'

~the mechan1cal ereugth of the embanked quarry rock,. neceesary
mixlng ratlo of Lhe coarser materlal with the fine 5011 material

to obtaln the proper core end filter materia]s

- Detailed topographlc survey for the design and cost estlmate of

the Mugllng relocation road
- Survey of'the exact Suitable toute of the trahsmission 1ine{f

- Hydreullc model tesL of the spillway and the 1ntake related

‘with the sedlmcntation inflow problems.

RECOMMENDATION

39.:'

40.

41.

_nltude of the flood dlscharge etc.: In view of the keen nece551ty

In consideratlon of the necessary comm1ss10n1ng tlme and construc—-

ftlon period, the detalled englneerlng works for the Sapt Gandakl

tion of tender document, should be started ar the early stage of

Project, includlng-the detalled-1nvest1gatlons,~de81gn and prepara—

1983. The necessary detailed geologlcal 1nvest1gatlous requlred in:

" the river channel are recommended to be carried out during-the

'1982/83 dry season.

Takinglinto.consideration the time required for'uegotiating'inter—
national'contracts, the commencement of constructlon by thc
contractor w1ll be at the end of 1984 at the earllest To avold
the delay of the comm1531on1ng ‘of "the. prOJect targeted at the

beglnnlng of the 1989/90 dry season, the preparatory works. such as

the main access roads in bath bankq and. the power supply system up'

to the dam51te_are-recommended to.be completed beforehand by HMG. -

The excesslve deforestatlon 1n the bas1n eauses severe er0s1on and

d_landslldeS, a 1arge amount of sed:ment Lransport aud a big mag—'

'mltlgatlon of’ the above, it 1S recommended to push iorward the '

afforestatlon in the baSIH.-
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PROJECT PRINCIPAL FEATURES

Reservoir

Catchment area

Fully supply watqr'level'

© Minimum operation water level

Flood water levéir

. Drawdown

Gross storage caﬁacity (at FSWL) ~

Efféctivefstorage capacity for
daily regulation '

- Diversion_system

' Desipn flood inflow

Typé'

Right ‘bank -ch'au.nel','. o
Width and length

Lefffbank'channel,

Width and length

- Crest elevation of upstfeamécofférdam .

Crést:elevatiOH.Qf downStream'pofferdam

Dam

- Type

‘_Crest.lgvél'
" Dam height above Tiver bed '
) Cfest-length‘(Roékfill dam séction)_

Creét ﬁi&ﬁh:(RQckfiil dﬁﬁ.ééction)

Upstream and downstream slopes

ST ORVLO-

_EL;?QO‘m

FL.232.2

4 m

%450 x 10° m

8.5 % 10° m

CEL.226m

"y

j

.16;350'm3/séc'

Opén'bhanhel.

52 m- and

820 m

126 m and 950 m

EL.196 m -

. EL.195.5

m

5 Rockfiil*with'éehtéf;core_

EL.ZSS m;

60 m

338 m

:1.9 above ¥.S.L.)



()

(©)

(6

Embankment volUmé,
Core
Filter_
Quafry rock

-Tdtél

“Spillway.

Type

Gage, .
‘Righf Side
_ Left side

Crest level

”Design'flood',_

Design flood for stilling basin

‘Concrete volume

Waterway and -powerhouse

Intake;

- Type

Center level of intake conduit’

Gate

. Penstock;

Length
Diameter
Powerhouse;
Type
“Width, length and height

'Genérating eqpigﬁeht

‘Turbine;

~Type -

~ Xviii~

346,600 03

161,000 m?

© 1,500,000 n3

2,007,600 m3

Gated chutéwaY'With

-stillding basin

19 m(H) x 15 u(W) x 3 sets

19 m(H) x 15 m(W) x 7 sets
EL.211.5 m.

© 23,000 m3/sec

17,800 w3/sec

 624,000 m3

Gated condult type
pr0v1ded 1n the: gravxty
dam

EL.214.5 m .
761MH)X761ﬂW)XBSem

72m
7.6 m

Above ground

35 1mx 104 m x 53 9 m

Vertical shaft, Kaplan
type with an elbow type
‘draft tube



::?Elevation of casing cente1

'iNet head at rated water level
VRated discharge '

“LeInstalled capacity
e‘*;Turbine rated speed

fAverage annual energy ouLput '
-_1Tail§aﬁer=level-at-maxfedischafge
~Generator; ¢

g

Capac1ty
Voltage
Cycle _
: Power factor'f:'
g Main_transformer;ﬁ' }¥u

:Voitagei':

Capacity -

17)"Tran5missionylineﬂg

o Transm1551on 11HE‘-

Voltage_-

. EL 179 Gomo
Chz3is w o
;L6l7 m3/sec _
_775 000 kW x 3 units
ﬂ;x365 'm & '._,w‘h
1,600 GWh (Prinary:
f‘]737/Secondary
:5_ EL.186. 60 m-

852)

"Vertical shaft, revolv1ng _
ineld umbrella type :

l'83 300 kVA %" 3 unlts .
11,000 v

S0 ha
0.9

-3011 1mmersed fan cooled :
1' _OutdOOI‘ type L

_flo 5 kV/lZ6 129 332 135 W
:-83 300 kVA X 3 unlts o

'f-132 KV double or 31ng1e

e._c1rcu1t llnes

L Condustor.

' Section

"Ii)f. ”SaptaCandaki'« HetaudaL;

f({ii_gfi.; .ﬁe;

,Bhafatpur:::.

CGin

T

Dumkibas

Durikibas .~ Butwal-

2;5§g€?)f‘ :

Route TLength . :
75k
5

'55akbﬁ5ff 

A4S

264 mn? AGSR'

f[CirégitiNbﬁ

fi;glngle R :
”f.(Double in future)

s wﬁ(Addltlon&l)
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CHAPTER 1 INTRODUCTION

~ 1.1 Master Plan and Prefeasibility Study

Mastor Plan; In 1973 to 1974, the mdsﬁer‘planning”of hydrdelecﬁric
power development for the whole of Nepal was executed by the Japan
International Cooperation Agency (JICA) Its study is presentod in
the report, "MASTPR PLAN OF HYDROELFCTRIC POWER DEVELOPMENT N NEPAL
September 1974, JICA". '

The master ﬁlan revealed'that theoretlcally, the hydrOpower
potentla1 of the Gandaki Rlver basin is approx1mately 21 mllllon kW
‘as compared to 83 m;illon_kw for the whole of Nepal. The davelopment
of existing 1arge'ecale'hydroelecfric powef_sifes was judged premature_
for the time beiﬂg-aithodgh_they may become ecooomically juetifiable

in the future.-

'Ihstead the master plan recommended the development ot medlum—
small gize hydropower Projects to meet the pleqqlng domestlc power - _
demand . In the sequenoe tao harness the Sapt Gandaki RLver, the Sapt -
Gandaki PrO]ect with an lnstalled capac1ty of 150 MW was proposed as a’
'medlum size hydr0power scheme to be constructed follow1ng the Rulekhanl

No.1 and No.2 hydropower_projects.

Following the above Master Plan for the whdle‘oountry,'a'mesﬁer_'
planning=of hydropowei development im Lﬁe Gandaki Rive;*basin‘was-cerried
out Erom 1977 to 1979 by tﬁe Snowy Mountain Engineerimg Cofporatioof(SMEC)
under a Contract m{eh the United'Nations Development'ProgrammerfﬁﬁDP).

The results of its investigétiom are.presemted in'the repopt;”GANDAKI
RIVER BASIN POWER sTGDY,3BASIN STUDY, BASIN MASTER PLAN, July 1979,
UNDP". - | ' - '

in the UNDP master plan, the’ folloWTng hydroelectrlo power pro]ects'

were recommended so as to meet the 1ncre351ng power demand in Nepal



" Tnstalled - . Year of

Projects’ Capacity _ Completion
Kuiekhaﬁi No. 1 .. C 1 undt-x 30 MW : 1980
T : woo 1981 -
Dey Ghat 3 unit x 4.7 MY 1983
Kali Gandaki - Lonit x 30 MW 1984
: no R o o '1985'_
woo Cow 1986
Kankai 0 2unit x 19 MW 1986
Marsyangdil © 2 unit x 25 MU 1988 ¢
Kulekhani No.2 - '2'uﬁit x 35 My o 1990 -
Sapt Candaki - 1 umit x 37.5 MW 1991
" " 1992
w o . - - - 'iQQSK

o o o 199

Prefeasibility Study: The mentioned maeter'plan-wes based on” the site

reconnaigsance and no detalled site’ survey was made in: the pIOJeCt area.
" To promote the Sapt Gandakl Pro;ect SMEC carried out & prcfea51b111ty
_study in 1979, based on the fleld 1nvest1gat10ns performed under a
:contract wmth UWDP, and prepared the "Prefe831b111ty Rep01t for the Sapt
Gandaki Hydroelectrlc PrOJECt It was stresqed in this. report thaL
 further 1nvest1getl0n, espec1ally ‘for geologleal condition qf the dam
foundation,: is needed to fﬁlly.assess the economic and technical sound-

ness of the project.

1.2 Feasibility Study

In Decembet;;1980;'His Mejesty'stOVerﬁﬁént'ef Nepal (HMG) fequested.
- the Government of'Japan'to fehder'techﬁical‘cooperetidﬁ to carry out the
feasibility study’of the Sept Gandaki Project. This request was.made
in ccn51deratlon of the anreas1ng power demand and the nece581ty to
further develop hydr0power after the comp]etlon of pro;ecLs prescntly in
.progress The Government of Japan agreed to the above HMG .5 request and

appolnted the JTCA team o carry out the £e351b111ty study of the project.



The feasibility qLudy of the bapL Gandaki PrOJect was planned to be .

performed in three stages, i.e. 8tage~*, SLage =11 and btage 11T, each

consisting of the following;

Stage-1 : To cafry out the geological investigatibn 6f the
proposed daﬁsite,
To collect the relevant data and information for the
project,
To make preliminary technical and economic assessment
of the project based on the obtained data, and
To see if it is justifiable to advance to. the detailed

investigaticn (Stage—II)IEOr theifeaﬁibility study.

Stage-II : Provided that it is Justlfled by the StagemI study
to enter the Stage -11 study,

To carry out the detalled f]eld Survey of Lopography,
geology, constructlon materials, hydro]ogy, economlce

and env1ronment, etc. .

Stage-1I1 : To carfy out the feasibility study of the project
baséd on the data obtained by the detailed field survey
at Stage-II. N .

The geologlcal 1nvest1gat10n and collectlon of the relevant data
and informations of the project at Stage- I weére carried out during
February and March in 1981 by the JICA Survey Team. The:Interlm Report
I wes submitted to WMG as the result of the Stage-1 study. The Stage;l
study revealed' that the project is expected to be technically and eco-
nomically feasible and that proceeding with the successive studies is

fully justifiable.

Thus, the detaile&'fielﬂ survey of Stage~IT was exécuted during
the period from Aupust, 1981 to April, 1982, Its results were all

reported in the Inﬁerim.Report 1T which was snbmitted.in May, 1982.

‘The feasibility study at Stage-1II was 9ucceséivély.09mmenced from

May, 1982 on'thé basis of ‘the detailed field survey result at.Stage—Ii.



.. This report provides all findings from the ébove'féasibility study

- at Stage~T1I.



CHAPTER 2 GENERAL GEOGRAPHY AND ECONOMY

2.1 General_Geography

' Qeograghx: The Kingdom of Nepal lles along the southern slopes of the B
Himalayan Ranges, The country extends between Indla and the leetan
Plateau of China from North—West to South~East. Its rectangular shaped
land eovers an area of 141,059 km w1th about 800 km length from East
Lo West and about 130 km to 240 km Wldth from North to Southa The land
.15 sltuated between the latltudes of 26°30"' N to 30° lS N and the long1—
tudes of 80°00' E to- 88 15! k. | R

_ opogr EhX' ‘The land of Nepal of whlch 834 is- mountalnoue and’ 17/ is
in’ the Feral plalns, comprlses six: topographlc zones, they 1nclude,
from- the south to the' north, the Terai Belt, Siwalik: Hills, Mahabharata'

Mountain Range, Mid-land ZOne,'Himalayan'Range'and'the‘Tibetan Platéau.

The‘Terai'Belt extends from the left bank of the Canges.River;and
lies between the Indian border and the foot of the Slwallk Hills. It
has an. altltude ranglng from about 60 m to 300 sin and a w1dth firom about

15 km to 40 km.

The Siwalik'Hilla rises sharply from the Terai belt up to an . _
altitude of 1,500 m. Main features of the Sivalik Hills are character-
ized by its rigged rellef ~dense forest, poor 9011 cons1st1ng of soft

sandqtone rich in mlca and quartz and large- graln connlomeratee

The Mahabbarat Range rises to an altitude of -.some 3,000 m.
Geologlcally, it.is a front ‘of the b1g overthrusted nappes, the brcakers
against the Slwallke._ In general the - MahabharaL Range formg a large

synellne which covers nearly the whole length of the country.

_ The Mldlanda of Nepal covers a _zone of about 65 km to 100 km Jn '1
width between the Mahabharat Range and the Hlmaldyas : The Mldlands zone:
‘has a terrain of very gentle slopea lylng at altltudes ranglng from about
600 m to 2 000 m. The Mldlanda is very fertlle Al] klnds of frulta,

vegetables and grains of subtroplcal_and moderate cl1mate are_grown.



: 'The_main thnge of the Himalayas is divided by the big traversal
rivers into different groups. The:main range of the Htmalayas forms the

border line between Nepal and leet in dts eastern part.

n the.western part, Nepaiese territory.extends fér beyond the main.
tange'of'the Himalayas into the Tibetan Platéau. The Tibetan Piateéu‘ i
in Nepel.consists of a mountein desert between 3,000 m andsS,OOOIm in .
.altitude.”_Witn irrigation, barleyeend other gréins are raised besidés

potatoes.

Sgiéﬂﬁéf Fhe cllmdte oE Vepal is dffected by the phy51cal featuree of
the land. The Terai. Belt and Slwallk Hllls are domlnated by a sub_
troplcal c]lmate with the maximum temperature rlslng over 40°C in summer
(Aprll and May) and the minimum temperature falling to 4° ¢ in winter .

' (January) ¢ The eir temperature in'the Mahabharat Range and the Midlands
' tls usually 6° C to 7 C lower than that of. the Terai- Belt and the Snwallk
.H1lls. The annual_preelpltatlon in the Tera;.BelL is about 2,200 mm to
2,500 mm,'ano.over the Mahabharat Range-veries‘from about 2,500 mmlin
the:eaEt_toul;OQO'mm to 1,500 mn in the west. - The Himalayan Rangee and
the'Tibetaaniateau have a climate peculiar to the high mountains, with
‘the mékimnm'temperétnres up to only 21°C and the_minimum temperatures
falling below freezing point. The annual preeipitation in the Himalayan
‘Ranges and the Tibetan Plateau is below 1,000 mm. The everage annual

ralnfall of Nepal is about l 500 mm.

2.2 General Economy'

- Adwinistration: Nepal'is administratively divided into 14 zones and

subdiyided into 75 districts. In the execution of economie.devélbﬁ_
ment ﬁoiiey;:Nepéi is‘divided-intO‘h'Development Regions of=Central
(Kathmandu) Eastern (Dankuta), Western | (Pokhara) and Far- Western
(Suxkhet) as. shown in Flg -2.1. The capltal of Nepal Kathmandu, is
10cated in the Bagmatl Zone in the Centra] Development Reg1on The =
:so cal]ed Kathmandu Hetauda— Blrganj corrldor along the Kathmandu—

Culcutta nghway is: the center of the nation s economic dct1v1ty



Recently, the Kathmandu~Mug11ng Narayangar~Hetauda Bilganj nghway-
was opened by the completlon of the highway between Mug11ng and
Narayangar. This route is longer than the Kathmandumﬂetauda Blrganj'
route ‘but does not have such steep slopes as in the Kathmandu Hetauda—
BlrganJ_route.' The above new Loute has become the main traHSportatlon

artery. .

Most of the major towns . in Nepal are llnked by a w1relese network
and/or Lelephone line. ope1aLed by HMG: HMG aleo plans to 1nLroduce a

-mlcrowave network to cover the entire eountryv

'PoHnlation' The populatlon in Nepal was estlmated at 14 m1lll0n in
1980. It eomprlses various races ‘and trlbeq der1V1ng [rom the leeto—
‘Burmese group, the putc leetan groUup and the Indo- Aryan group lhe
population is grow1ng at a rate of 2.1 to 2.2% per annum as’. 1ndlcated _:
in Table 2.1, Two- thlrds of the populatlon 11VES and engages in- agrl—
culture on the mountalns and hilly areas, where the fertll]ty of land
1s depleted and deforestatlon is common. Lonsequently, mass mlgratlon-
to the southern plaln of the Terai is being: made: under ihe resettlement
rogramme of the government. Durlng the Flfth Five Year Plan, about_-

25,000 famlllee were resettled in the southern plaln

Employment: Aecordlng‘to the National Planning Commission ofiHMG
unemployment 1nclud1ng underemployment in rural and urban areas is
respectlvely 634 and asg. The problem of employment is a serious
.one, and the govermnenl. has put a’ hlgh priority in promotlng Va‘flou'-‘,
development_programmes to absorb_labour and_lnduce-more employment

copportunities.

Eggt _Gross-Domeetic_Prodnot (CDP)'of‘Nepal has.rlsen'atlan_annualfrete‘
‘of 2.2% during 1965/66 to 1974/75. GDP in 1974/75 amounted to Rs.16,571
million (=‘U‘Se$l 381 million):at eurfent marketwprice. 'Aftet that, 'the
GDP is grow1ng at the annual rate’ of 3. 0/ to 4 5% under ‘the’ Flfth FlVL
Year Plan Whlch planned to 1ncrease the GDP at a rate ‘of 4/ every year.
Agrlculture is the main. Contrlbutor to the GDP CODtleutlng two—-thirds -
of the total followed by the serv1ce eector w1th 20/ The manufacturlng.
sector contrlbutlon to the GDP is only 3 to 4%, - Reeent record of the

_GDP of Nepal is as bhown in Table-2.2,



'Foreign Trade. The main export items are. rice, maize;, oil seeds, hides
and sklns, butter, tea, Jute, tlmber, carpet and handlerafts. The main
1mport tlems are mathlnerles, seml proceseed raw materlals, construction

'materlals and vehlcles, etc._-—

o Recent record oi 1mport dnd export is as 1ndlcated ino. hig 0.2.
;Durrng the. flscal year 1979/80 erports earned Rs. 1,305. 7 mllllon and’
.1mports cost Rs. 3, 053.2 mllllon, resultlng in a deflelt of Rs. i, 74? 5
millioni( 5.$145.6 mllllon) in the balante of - payments. Trade sla-
tistics for the first half of the flseal year 1980/81 already 1nd1cated
.a trade def1c1t of . Rs l 657 5 mllljon (U.s, $138 1 m1llron) as compared
w1th a deficit of Rs 899 3 mllllon (U. S $74 9 mllllon) durlng the cor—

respondlng perlod of last year.-:lhls is due_to the swelllng of 1mp0rts.

The forelgn exchange holdlngs of Nepal hes steadlly lncreased
It amounted to Rs. 2 133.2 mlllloﬂ (U 5.5177.8 mllllon) in 1979/80 by

whlch 1mporte for four months can be pa1d

Agriculture: Agrieulterelis the pr1nc1pal economic activity in Nepal
It employs 90% of the labour force including workers in the agro—based
-1ndustr1e5, aund supports 80/ of the, export earnings and two-- thlrds of

the GDP. In addltlon, it provides raw meterlals for industries.

'lndustrz ., Industry in Nepal is in an 1nfant stage of: development WLth
less than 60 OOO persons employed in about 3,500 flrms and its contribu-
tion to the GDP 1s only-&/ However,.the 1ndustry-1s growing faster‘

" than the other sectors under the 1ndustrlal pollcy of the government-

" which focused on the promotlon of 1mport—subst1tut1ng 1ndustr1es and.

_the expan51on of-employment opportunltles. This is reflected in the
recent establishment of cement and - textile lndustrles, eXpans1on in' the

:sugar and 01garette factorles, etc.

' In the leth Flve Year Plan, the government gave the flrst prlorlty
to the development of import- substltutlng 1ndustr1es, 1 e. cement,.
. textlle, paper, 1ron and steel ete. , and to the development of eottage
'and small stale 1ndustr1es 1n view of expandlng employment 0pportun1t1es.

‘Thus, a remarkable growth in Lhe 1ndustry settor is expeeted



Tourismﬁ 'Touriem, which is one of the major sourCee of foreign exchange
earnings, has been playing a signi{icant role in the Nepalese'eCOnomy.
Foreign vi51tors are coutinuously increasing. .The'number'of-foreign:
visitors in 1975 was 92,000. It 1ncreased up_to more:than\l625000'in _
1979,  Foreign exchange earﬁiﬁgs from. touriem iocreaeed.from Rs!lZOQ?
“million ih 1974/75 to Rs.518.7 million in- 1979/80 The construction of
new hotels and the exten31on of. the ex1st1ng ones is also berng promoted
by the government. The record of tourist arrival aund avellable hotel

beds is as shown'in Table-2:3.

Development Plan: The fifth.Five‘Yeer‘Plan (1975/76—1979/8D)_ended'io
Juiie 1980 and the Sixth Plan t1980/81¥l984/85) came intofoperatioﬁ in
July 1980, The First ‘and -foremost aim'of-the Sixth Plan ieﬁto.get
'.agrlculture mov1ng and bu11d1ng on the ba51s of past 1nve9tments in 1nw

frastructure, agrlculture transportatlon and communlcatlons and looking
‘ to- more. dlrectly productlve investments, better uLlllzatlon of manpower

and anrea51ng product1v1ty

The total 0ut1ay'during_the-Sixth Plan is orojected as RS.33,94
.billion, Of,which RSE20.49 oillion is to be inveéted'in the public
sector, Rs.11.65 billion in the priﬁateTsector;iandtRs.1r8:bill10n.ih
' the Panchayat. sector (Local bodies), Aliooation of‘the_totai.develop,

ment expenditure for the Sixth Plan is given in Table-2.4.

Water Resources: Nepal, a mountainous country, is rich in water re-

sources. The total hydropower potent1a1 in -the whole country is est1~."
‘mated at 83,000 MW of which less than 0. 1/ s exp101ted at present.

Water resouroes development will greatly contrlbute to the economy of
the: country by the development of agrlculture, 1ndustry and electrified

transportatlon system and by exportlng the hydroenergy produced

Consumer Prices: The national urban eonsumer price has been increasing

as showmn below. It has risen' at the average rate of 9. b per year

‘ durlng the perlod from 1972 to 1981

| v o . 1972/81
Year 1972773 73/74 7475 75/76 76/77 77/78 18/79 79780 80/81 Average
Price 100, 118.2 138.0 137.0 140.7 156.4 161.8 177.6 202 -
ITndex ‘ - . : )

;.Annual ~ U 18.2 16.8 -0.7 2.7 11.2 3.5 9.8 13.7 - 9.4

- Increase _ : _ : SR _

(%)



Table-2.1: POPULATION OF NEPAL (1971 - 1980)

Year E Millions |  Growth Rate
o | %)
S 11.56 |

1972 e - a2
1973 0 1oe | 2.1
 -1974 - '12.32 L N _‘2.2
1975 12,59 : | 2.2
1976 2.8 2
1977 R 13.14 2.2
;9?8. | 1342 | 2.1
1979 1n - 2.2

1980 o 14.00 2.2

Source: Monthly Bulletin. of Statistics,; April 1981.

Vol. XXXV, United Nations
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Pable-2.3: TOURLST ARRIVAL AND HOTEL BED

1975 1976 1977 1978
1. Number of Tourist - 92,440 105,108 129, 329 156,123
2. Number of Hotel Beds . 1,663 ~ 2,099 4, 600 4,888

Note 'Caléhdar yeét

. Source: Department of Tourism thru "Economic Survey" 1979/80
Mlnlstry '0of Finance,’ 1980

1979

162,276

5,018



Table—2.4:

ALLOCATION OF THE TOTAL DEVELOPMENT EXPENDITURE; 1980 ~ 85
(At 1979/80 Prices)

Rs..ln mllllon'

Public /' Panchayat -Private

Source:

Sector~' - Sector  Sector Total 3 %
Agriculture, 6,260 490 3,820 10,570  31.1
Irrvigation and
_Forest
Industry, 5,280 30 3,500 8,810 . 26.0
Mining and Power : TR o o o
" Transport aﬁd 4,230 540 1,106 5,870 17.3
Communications : :
Social Servicesg/ _ .4,720. 740 3,230 E 8,690 . 25.6
Total 20,490 1,800 11,650 33,940 100.0
thes; 1/ Of the total development expendltures of Rs.21.75 billion

to be incurred’ in:the public sector, the sum of Rs.l.26

billion which is to go to other sectors as financial

assistance,’ has been included in the sectors concerned
instead of ‘lumping it up.with the public sector expenses.
0f ‘the net development outlay of Rs.20.49 billion, 60
percent or Rs.12.30 billion, is estimated to be spent in
the form of 1nvestment.

" The amount shown under ‘the head social serv1ces also

includes expenses relating to residential hou51ng con- _
struction and other mlscelldneous devel opment expendltures
also.

The Sixth Plan (1980 - 85), A Summary, Part 1, National
Planning Commission, January 1981.






CHAPTER 3 POWER SUPPLY AND DEMAND

3.1 Organization and System of Power Supply

. The Ministry of Water Resources (MWR):admioistratively.eontrols.
the power development and - supply in Nﬂpal - MWR, eSSisted by.water-ahd
Inergy Comm1531on (WEC), formulates water and power development pollcy
| and coordinates and superv1ses the operatlons of the other power sector
agencles. The organlzatlon Lhart oI the Minlstry o[ Water Resources is

shown in rlg.—3 1. 1.

Ehe Llectr1c1ty Department (ED), Whth is- a department of the
Mlnlstry ol Water Resources and of whlch an organlzatlon chart is glven
in Plg _3 l 2 is the sole agent reSpon51ble for the plaunlng and ©
conatructlon of the power generdtlon facilities and t“anem15510n lines

_1n Nepal. Once power facilities are completed by ED, they are. trans—

ferred to an eleetrlclty corporatlou for commerc1al operatlon.

The Nepal Flectricity Corporation'(NEC) is respdnsible-for the’
-operatlon of all power facilities in the "Central and Western Nepdl
Power System". NEC also prov1deq power supply from India in the Central

and Western Reglon.

The Eastérn Llectricity Corporation (EEC) is:responsible”fot power
supply in Eastern Nepal., EEC also distributes power imoorted from Tndia-

in the Eastern Region.

The Butwal Power Company (BPC) which is a private company is in
charge of power supply in Butwal of the western region, cooperating

with ED. -
3.2 :Ptesent Power Situation in Nepal
3.2.1 - Generating Facilities
- The presenttsituation of.power'generating facilities in'Neﬁaliie'

as”seehiin‘Tabie53£2}i and Table—3.2.2.”'The_total'instailed capacity’ -
in1975 was only about 65 MW. | '



Recently, it hae rema1kably 1ncreascd by the complerlon of Gandakl
in 1980 (15 MW) and the addditiorial 1nstallat10n of a diegel plﬂnt at

Hetauda in ‘1981 (10 MW), although some old diesel plants went out of use.

The.present total installed cepacity teeched 85;1 MW as of lééi,
of Whicﬁ 52.1 MW is.hydroelectric, 28.5 MW diesel and 4.5 MW is steem -
generated;,:Pubiic.sefvice eccounte for 77.1 MW ox 90.1%; the remaiﬁing
8 Mw ate owned endzobetated by various self-geénerating industries and

institutions.’

The largest.ieétaliatiene'arc 21 MW hydre. in Trlsull, 14,5 MW

dlesel in Hetauda and 1.4 MW steam in Blratnagar

1he monthly peaklng capac1ty fluctuates seasonally due to the'
seaqonal variation of the hydroelectr1c powe1 stations as calculated in
Table-3. 2.3. The total monthly peaklng capac1ty charges From 63.2° MW
in the driest month (1n March) to 75 6 Mw in the rainy season (July to

October) as ‘seen in the Table.

3.2.2 Recerds of'Power:Demand_and Supply

PdSL record of the power and energy supply in Nepal up to 1979 is
shown in Table-3. 2.4 to Table-3.2.6. Table—3,2.4 glves the past record
of Supply for' the whole Nepal. ‘Table~3.2.5 and Table-3.2.6 give those

for each development region.

As seen in Table—3,2;4, the pceer demand in Nepal has grown at an
average ammual rate of 16.5% per year. However, the encual increase
rate of power supply.was_drastically.dewn‘from 11.1% ofc1977/78 to 3.4%
of 1978/79 in. the whole of,Nepal.due to the‘dfastic.lowering of the
one in the Central Nepal Power System (CNPS) which occupies a major
‘part of the power supply} In the Central.Region, it was down from 9.0%
ef 1977/78 to 1.1% of 1978/79, notwithstanding a rather normal increase
of energy supply. The load factor which has ranged from 40 to 44% indi--
cated an improeement of 47.5% in 1978/79 es seen in.Table—j.Z.S. :

The ebove is understood to 1nd1cate that the power demand in the
Central Nepal Power System exceeded the power supply capaclty in 1978/79

and the power supply was 11m1ted to its supply capacity.



The fact that the-power demand in the Central Nepal Power System

‘exceaded the power supply capacity is also understood by the Eollow1ng,

The daily load Curves of the Central Nepal Power System for summer
and winter are shown 1n Flg.—3 2.1 and Fig.-3.2.2 respectlvely.:_The
load factors of summer and winter are 1nd1cated‘as 56.3% and 75;62.
repsectively. Considering that electric heaters-ere:used ih:wineer,
the power ‘and encrgy demands in Wlnter are expected: to be higher than
those in summer. However, the  peak power supply in w1uter is actually
less than that-ln summer , showing ‘a higher load factor, as shown in
Fig.-3.2.1 and Plg -3.2, 2 Thus, it 1s con81dered that the power
supply capac1ty of the system in winter is far short for the peak demand'
due to insufficient capaeitles of the hydropower plaan.- A load’
sheddlng program was 1mposed On a’continuous rotation basls and appll—
cation oF new consumers were also suspended._ The serious shortdge on

the system in winter was also recognlzed by the above fact.
3.2.3 Power Transmission System

Fig.-3. 2 3 shows the power transm1551on system in Nepal envlsaged'

up untll 1984/83.

The ‘existing 66 KV trahsmissien.system in Centrsl Nepal was first
coﬁstruceed-to send Lhe generated pomer of the Trisuli power -station
to Kathmandu, Hetauda and Birganj,_delivering power to the areas aloﬁg
the.line by substations connected to the system.' The surplus power’

has been exported to India from Birganj.

The 66 kv sysLem was extended by the construction of the Sluchatar
substaLLon to receive power from ‘the Kulekhan1 No.1 power station Wthh
is connected to the‘66 kv system. . The 66 kV line from the Sunkosl power’
station to the'Patan_substation,'which had been ope:ated_segafately,:
will alsorbe connected to the above 66 kV system by the line:extended

from Siuchatar to Patan under the Kulekhani Project.



-~ As the_Gandaki_Power'Station was'deweloped,'aVSingle]circuit of
132 kV transmission 1inezwas cthtrooted up to Hetauda through:Bharatpur,
to send power to load centers iu the kathmandu valley The ]32 kv
'system is: conneeted to the 66 kV system by 132 KV/66 KV 1nte1connect1ng

transformers at the-Hetauda suhstation.

' 3.3 Power DewaﬁdﬁForecast
'3.3.1"Ptesent Situation”

As explalned in the precedlng Sectlon, the aunual 1ncrease rate of
‘ peak demand of the entlre country was drastlcally down from 11, l/ in
1977/78 to 3 4% in 1978/79 though it showed an average increase of

18. 5% for the perlod from 1970/71 to 1977/78 ~ On the eontrary, the
yearly 1oad faetor 1ncreased from 42% in 19??/?8 to 46 2% in 1978/79
These showed ‘that  the: power requlrement in 1978/79 exceeded the power
supply capacity to a Lonslderable extent, especially in the wlnter
_geason. Sueh_a:serious powerushortage_of the‘system led to the imposi-
tion ofza.load'sheddiﬁg;program in the load.cehterIOE Nepal;.Kathmandw
area.and”the suspension of new eohsumer's applications until the

Kulekhani'No.l.hydfopower station was put into service in 1982.

dJodgingifroﬁ‘the said power situation ih'the system, the_deﬁand‘is
expeeted.to incrpase.remarkably Within.the.initial several years iffthe
'supply cap301ty -can ‘be expanded to meet the power requlrement (power
demand in CNPS Jumped up from.35 MW to 56 MW after the completlon of the
Kulekhanl No.1). .Ihe dlstrlbution system will be successively improved
after thefQOﬁpletiOﬁ'of‘the-Khlekhani No.l with the reinforoeﬁent_of the
‘Kathmandi distributioHESYStem.. In addition, various industrial and
irrigatioﬁ projects are“planeed in the 6th and 7th Five Year Plans.
_ These ifcrements of load afe‘needed to- be incofporated in the power

demand forecast.



3.3.2 Démand ForEEast.by HMG

For the purpose of”planning investment :HMC'has‘made'the;demand
forecast by uslng two differenL methodologles, namely the globdl and
the sectoral approaches The former was ‘based on the hletorlcal data on.
Lhe global power demand, whlle Lhe laLter took’ 1nt0 c0n51derat10n the
sect01a] economlc growth and the develOpment of potentlal prOJects.
projected in the Sixth and Seventh Flve Years Plan (herelnafter called
6th and 7th Plan, respectlvely) in addltlon to the data on the historical

' power demand broken down by respectlve seet01 . The results o[ the above

£01ecasts are presented below.

"~ (1). Global demand forecast

Taking'into eonsideration_the.abové:pCWer situation in Nepal, ED
has prepared the power demandlforecaét_inlAngnst lQSl'wniQh covers the
period up to 1999/2000. ‘The expected power demand was estimated based

on the records of past demands.

The procedures and assumptions adOpted to predlct the above power

demand are explained below

(i) The annual mean increéase rate will decrease gradually in the

following range

Growth rate for the perlod 1977/78 to 1999/2000

%)
Fastern Central Western: = Far western
25 to 10 15t 9 25 to 10 30 to 10

(23.6) : :(15.6) S (113.0)

Remark: Flgures in parenthesls are .the annual mean
1ncreaae rate from l970/7i Lo 1977/78

_(ii) The energy demand Eor Lhe year of 1977/78 was taken as the

. base for the purpose of the power demand estimation, The"
energy demand 1nd1cated in 1977/78 is deemed as close to the
dactual demand whlle the power supply Condltlon 1n the Central

 Region for 1978/79 showed a drastic power-shortage.



(ii1)' The energy demand and load factor in.1977/78 of the base‘year
' are assumed to be 186.6 CWh and 427 respectively, as indicated
in the power supply record shown in Table-3.2.4.

{(iv) fhe annual load iactor is aseumed to gradually increase from

§2% in 19?7/78 to 45% in 1999/2000

(v)  The requlrement only in the interconnected syqtem is counted
as the. yéal demand whlle the requlrement in the non-inter-
._connected area 15 dcemed as potentlal demand Then, in the
.forecast, an abrupt 1ncrease in the demand - w111 occur
concurrently with the completlon of the system 1nt9rconnection

to the new area.

The estimated.pbwer'énd energy requirement by region:were tabulated
in TéBle—S.B.l:aﬁd Table-3.3.2 and those in the_interdonnécted system

‘are summarized below.

Fiscal : Enecgy Requlrement _ Power Requirement Load Factor

" Year : (GWh) C (M) ' _ (%)
1977178 164.2 o 39.2 w2
1978/79 165.8 45.1 | 42
1979/80 - 190.7 51.8 42
1980/81 218.7 59.4 42
1981/82 2502 68.0 a
1982/83 " 297.0 80.8 42
1983/84 ©338.9 92,1 o 42
1984/85 | 416.0 13l 42
. 1985/86 © . 590.2 . 156.7 43
1986/87 710.2 1885 43
1987/88 8105 .. 215.1 43
1988/ 89 | 920.8 244.4 43
1989/90 . 1,077.5 5 286.1 43,
1990791 Co1,212.6. . 314.6 ' 44
1992/93 . 1,511.5. . . 392.2 L w
1994/95 . 1,847.3 CLAT9S3 . b
1996797 . 2,23.5 - .567.4 45
'1998/99° 2,689.6 e84 45

199972000 29622 746. 4 S ks




(2) Sectoral Gamand forecast

Aiming to prove the authenticity'of the.power:demand forecast by
the global forecast method mentioned in the'previous pafagraph HMG -
carrled out the secLor by sector power demand forecast baeed on the _
historlca1 daLa in the respeetlve sector, the economic growth prOJECth
and potential prOJects planned in the 6th and 7th Plans COVEIing the
perlod from 1980/81 to 1989/90

The above sectoral demand forecast is=briefed below, and:its
details and supporting data are presented in AN&EX'(D) togethergwith the’
JICA Team's view. The view endorsee tbe reaéonablenees'of”the forecast
as a whole, although it is considered that there is an ovefestination
in the industrial sector that will be offset by the underestimate in the
domestic sector. | ' '

i) Industrial demand

The 1ndustr1a1 demand forecast was made by the macro- ECOnomlc
method , u81ng the logarlthmlc model., It was establlshed ‘based on a
hlstorlcal relatlonshlp between nonnagrleultural GDP ‘and electr1c1ty
sales_to the 1ndustrlal sector_ior the last ten years, the annual_growth
' retes of non-agricultural GDP pfojeeted'in'tﬁe 6th Plan (5.6%) and 7th
Plan (7 0/) and the gradual decrease of ‘the energy loss ratio from 407
in 1980/81 to 3074 in 1989/90 The analyels idnicated that the energy'-
sales to the industrlal sector will 1ncrease at an annual growth rate
of 17.84 and 2;.54 for the 6th and 7th’ Plan_perlods respeetlyely,'and
that the energy reduirenent.nill reach around 489 GWh in:198§790. -It'
showed a. good agreenent‘with:the figure'&erived by .another approach ir
which the forecast ‘was made by'relating the energy:reqnirenent'to the
total 1nvestment on the 1ndustr1al prOJECtS planned to be implemented

in the 6th and 7Lh Plans

ii) ‘Commereial demand

Since a hlgh correlatlon between the hlstorLea1 energy sales to 'the
eommerelal seetor and the number of Lourlst arrlval was observed the_"'E
‘commerelal demand forecast was, made based on the annual growth rate of
_the number of tourlst arrlval prolected 1n the 6th and 7th Plans. The‘f

prOJECted rate ‘was 15/ Lhroughout the perlods Whlch eorresponded to the.



mean annual-growth_rate for the period_fromfl97l/?2ﬂto 1979/80.  This

resulted in 82.0 GWh: of commercial energy requirement'in 1989790,

iii) Irrigation demand

HMG is planninb to develop new irrlgated areas of 23 750 ha in Lhe
6th Plan and 86,000 ha in’ the - 7th Plan by groundwater or 11fL 1r11gat10n.
suhemes. The energy requ1rement in the 1rr1gation sector was eqtlmated
‘based on the power requirement and 1mplementat1on schedule of - eleven '
1rllgation projects on=~ going or to be 1mplemenLed in the 6th and: Tth’
'Plans and aseumed load factor (50/), c01nc1dence factor (35/) and. energy
Loss ratio” (204) The energy requlrement was expected to reach 183.4
GWh in 1989/90. |
iv) - Domestic ‘demand

‘The domestic demand forecast was algo made by the macT o~ economlc.
method same as that was used for  the 1ndustrlal demand _ Wlth the
logarlthmlc model establlshed and! the growth of nonaagrlcultural GDP

prOJected in a same manner, the energy requ1rement in the domest:c

secLor was’ forecasted at 186. 3 GWh_ in 1984/85 and 325.0 GWh ‘in 1989/90

The dOmESLIC demand forecast was made by another approach, assumlng
that the number of domest1c consumers w1ll increase at an amual growth:
rate of 8 2/ for the perlods both 1n the 6th and 7Lh Plans and that the
present annual average consnmption per consumer of around 800 kWh whlch
was suppresaed by the load sheddlng wlll grow at an annual 1ncrease rate
of 20 kWh _ Un the b331s of these assumptlons, the energy requirement in

_ 1989790 was derlved to be 300 2 GWh
v) 'Street liéhtfng; uater'shpply and bthEI requiremént'

As energy requlrments Other than those in the aald four sectors,
“ the requlrenents for street llght1ng, water supply, self consumptlon of
the utilities and-export to Indla were Consldered - For .the. former EWo
sub sectors, il was aesumed Lhat the annual tonsumptlon 1n terms of.
.per consumer - of domesLic sector w111 be reSpectlvely 20 kWh and 10 kWh
_for street llghtlng and water supply over the period from 1980/81 to 8
,1989/90 The self consumptlon of Lhe utllltles was assumed to be con—'

. stantly equlvalent to, l 54 of the total energy requ1rement Whth corres—

ponds to the average raLe during the perlod of- the last 5 years The



energy prorted to India is aequmed to maintain the sane average ‘amount
of the last §° years, 6 GWh/year Thua, he _energy - requlrement in the

_above sub secLors was expected to totally amount to 32.2 GWh: in. 1989/90.

The results derived by the aboﬁe seétbral.demand forecaet are
summarized in Table-3,3.4.

[

3.3.3 Demand Forecast'Made in Iﬁterim Report'l by.JICA_Team

The JiCA Team has 1ndependently predlcted thc power demand up to
l990/91 in the course of prepar1ng the Lnterlm Report I which’ was
_subm1tted to HMG in July 1981 The annual growth rate of peak demand
was estlmated to be 17. 9/ durlng ‘the’ 5 years. perlod from: 1980/81 to
'1985/86 and 10 5% during the 5 years perlod from 1985/86 to 1996/91.

The power “and energy ‘demands are tabulated in Table-3.3. 3.

3.3.4 Adopted:Demand Forecast

Three forecasts of the enelgy requ1rement i.e. the forecasts made.
by the global demand forecast wethod, sectoral demand f01ecasL method |
and the JICA Team, are graphlcally shown in Fig.i3, 3.2 for comparlson
AS ‘seen’ in the Figure, it tig understood that Lhere is no 51gn1f1cant
_dlfference among ‘the three IorecaSLs, because an appr0x1mate ‘concurrence
in the energy requlrements is seen 1n the later stage of Lhe decade
”Espec1a]1y in 1989/90 then’ ‘the 5apt Gandak1 PrOJELL is to ‘be’ put into -
serv1ce, the results by three dlfferent approachee have nearly colnclded
and it is judged that the energy demand foreeast in the later stage of

the decade is reasonable.

For the;putPOSe of the:feasibilityﬁstudy'of the'Saot-Gandak17
Project 'it:isrdetermined tb'adopt the energfsdemand fofecaét'by‘the:
global demand forecast method (shown with'a thlck line din Plg 3 3.2),

:wh1ch resulted in relatlvely lower fagures



The peak powér demahd forecast i1s derived from the projeeged
energy requiremenL by assumlng the future load factor. In Néﬁal there
_was no partlculat increase of load deLOI during the past ten years
1ndicating the annual load factor of around 41 to &?/ (alrhough the
load Eactor in 1978/79 1ndlcated an -abrupt 1mprovement of 46 24, it is
due to the 11m1tat10n of power supply capacity in the year) With . such
past trend in conelde;atien, the annual load factor was assumed to.

gradually iﬁcrease.from 42% in 1977/78 to 45% in 1999}2000,

- The peak power demand forecaet worked- out is shown in Flg -3.3.1.
The forecast _shown in th1ck llne in Flg '~3.3.1; whic¢h was deiived from
the energy demand’ progeeted by Lhe global methqd, is adopted for the -
feaeibility stuﬂy of the Sapt Gandaki Prdject. |

3.4 Expansion Schedule

3.4.1 Power'Generating Facilities

By the addition of the installed‘eapacity‘OfiGandaki {15 MW} in
l980-end Hetaude diesel plant.(lo Mw)‘in-i981,_the'total installed
capdcity in tﬁe Nepal Power System has prominently increased recently.
Kulekhani No 1 (60 MW} just commenced its power operatlon in the
‘beginning of 1982, and thereby, the ‘total peaklng capac1ty has reached
123.2 MW in the dry season. This peaklng capac1ty exceeds the presenL
peak power demaud.estlmated at about 70 MW and the power supply

condition has been much improved.

However, the:power demand in Neﬁal is projécted £0 indieate a
rapid increese as seen in Fig.-3.3.1. 'The peak powéf.demane in fﬁe
intefconnected system is projected to increase up t0=113‘MW in 1984/85,
286 MW in.1989/90 and 479 MW in, 1994/95 Thus, Lhe peak power demand
will reach the power supply capec1ty of 123.2 MW obtained by the addl—
tion of Kulekhani No.l in 1984/85.
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In order -to meet the power demand: after that, HMG planned to

reinforce the‘power supply capabity'és folloﬁs;:

- 132 &V Bharatpur - Pokhara transﬁission liﬁeiof 86 km ih'
lenth to be constructed in 1982/83 Thus, Pokhdra hydro~_
electric power station (1.0 MwW) Wlll be 1nc0rporated into the

system.,

- Intake of Trisuli hydroelectric power station to be fehébili~
tated by 1982/83, 1ntend1ng to increase its peaklng capac1ty
- from 18 MW to 20 MW, :

- Dev1ghat hydroelectrlc power statlon (14 1 Mw) to be compleLed
in 1984/85.

- Kulekhani No.2 hydroelectric power station (32 MW) to be
completed in 1986/87.

~ Marsyangdi hydroelectric power station (66 MW) to be completéd
in 1986/87. - ' -

With tﬁe above reinforcéﬁént,‘the rotal peak:powet supply capacily
will be about 238 MW which can meet the power demand up. to 1988/89,
To response to- the subseQueht-power-demand_increase, the necessity of
déveloping_new projects is keenly felt. HMG took up the Sapt Gdﬁdaki
Project, Mﬁlghat Ptojéét Kahkai'Perect or Kali'Gandaki'Project and |
s0 on to bubsequently relnforce ‘the supp]y capac1ty, for whlch the

feaS]blllty study is belng conducted.

The méntioned HMG'S expansion plan of the power generating
fdc111t1es and peaklng power aupply capacity to be acqu1red are as
tabulated in Table-3.4.1. 1t is also shown graphically din comparlson

with the peak power demand in Fig.-3.4.1.

3.4.2 Transmission Lines:
The expansion plan of the power. transmission system in addition

to the existing system as describéd in the preceding section 3.2.3 is -

as follows;

3o 11



A single cireult of 132 kv. transmission llne is constructed from
the Gandakl Power Statlon to- Hetauda through Bhatatpur, to send power
_to the 1oad center 1n the Kathmandu Valley._ The 132 kV system is
connected to the 66 kV system by 132 kV/66 kV 1nterc0nnecting trans~.

foxmers aL Hetsuda substatlon.-

_132 kv trunk llne system in Central Nepal w;th exten51on of 1nter
connectlon Jdines to Biratnagar in Eastern Nepal and .to Nepalgan; in Far
Wsstern Nepdl. Under’ the master plan for the 132 kV system,'the"
follow1ng lines are under constructlon or planned to be constructed

keeplng pace w1th the development of the respectlve power plants.

_ Marsyangdi f-fKathmahdu  o L 1 cet

" - Bharatpur'_- - o Lcet
Dumkibas - Butwal = I 1 cct
o o {2 cct in future) -
_ Butwal ~ "Nepalganj : - o 2 cct . |
.Hstauds - Janakpur - Biratunagar 2'cct

Under the Kulekhani No.2 Project, one circuit of 132 kV line o
supported on double cireuit steel towers is planned to be constructed .
between Hetauda and. Kathmandu (Siuchatar).

Considering-the.aboﬁe—meﬁtioned syStsmfoonfiguration, it is
proposed to cornect the Sapt Gahdaki Eomer'station to the 132 kV power

system by the construction of the following three lines.
() _Double;cifouit line,'direot‘tO'Hetauda'_
{2) 'Single_ci:coit lins to,Bhsratpur
(3) Single circuit line to Dumkibas
(Double circuit in future)

(4} Addltlonal one circuit 11ne from Dumklbas to Butwal on the
‘ ex1st1ng towers, whlch is de51gned for double c1rcu1t but

. carrying only one ‘circuit conductors at present.

'3 - 12



Most of the power genLrated by the: Sapt Gandak1 power station will
be- qent to Hetauda to be delivered to load centcrs in the Kathmandu

Valley and. ant Nepal

The detalls of the llne sectlons to be constlucted under thls

Project is ‘stated in Section 6.7,
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Table-3.2.1:

Tocation

Eastern Region:

CAPACTTY TN MEPAL AS OF 1981

Ilam
Bhadraphr
Dhankuta
‘Biratnagar
"

Centralfﬁggion:

Godawari.
_Janakpur
"Bharatpur
Sunkosi
Trisuli
Panauti
Sﬁndarijal
Pharping
Patan
Kathmandu
Hetauda

- Various

EXTSTING INSTALLED

Type

Diesel

Hydro_

Diesel

Steam

Sub-total:

: HYdfo

Diesel

T

Hydro

Diesel

B
L3

Steam -

Sub—total:

Ownership

NEC

Private

3 - 14

- 'Installed

Capacity (M)

L200
346
.240.
934
.579
.400

R I = T )

7.699

0.030
0.032
0.600
10.050
21.000
2.400
0. 600
0.400
1.490
1.728
14,470
2 400

55,200



Installed

Location Type Ounership . . Capacity (MW)

Western Regiont

Pokhafa - llydro  NEC _ 1.000
on " Diesel " | 1.068
Tansen - _ " - L : 0.224

Bhairawé no S o 0,500::
' Taulihawé‘ b : " 0.050
-Bahadurgunj. . o " - . .'0.0ZS
Krishnanagar " ' | " 0.112
Gandaki 7 Hydro | GOI 15.000
Butwal "o Butwal'Powef Co. | | 1.280
" | Diesel S | 0:225
Various 1 _.Private 0.330
" Steam o o 0.750

Sub~total: ' . 20.564

Far Western Region:

Chorahi Diesel ED 0.050

Tulsipur ' " . n 0.075
Surkhet Hydro " _ 0.345
" Diesel " . 0.020
Nepalgunji " " _ ' ' 0.528
Dhangadhi - L | n 0.025
Mahendrangaf " K ' 0.025
Various " Private ' 0.534
Sub-total: | 1.602

 Grand total: _ 85.065
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Table-3.2,2:

Region -
_Eaéteth Reg.
_Centrai_Reg.
Western Reg.

'Far'Wesfe;n Reg.

Total:_

%: " Reference is

EXISTING INSTALLED CAPACITY AND AVATLABLE
.. OUTPUT - IN DRY SEASON AS OF 1981

Hydro Diesel Steam
P/Ss P/S P/S__ Total
0.240  6.059 1,40  7.699
34,480  18.320 2.40 55,200
17.280 2.53 0.75 20,564
0.345 1.257 1.602
52,345 0 28.170 4.55  85.065

made to Table-3.2.3,

(Unit: MW)
Available

. Output in
. Dry Season

63.202%
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Table-3.3.1: POWER REQUIREMENT IN WHOLE NFPAL
AND INTERCONNECTED SYSTEM

Fiscal Power Réquiremenc.by‘Regioﬁg(MW)”_ o fotal W)
=YeaF   Ceﬁtrd1 Eastern Western Far _ . Whole  Interconected
o ) : i Western Nepal System
1977/78 39.2 . (6.8) (3.1) Q. s0.8 - 39.2
1978/79 45 (8. (3.8) (2.3) 59.6 45,1
1979/80 518 (10.5)  (4.8)  (2.9)  70.0 51.8
1980/81 5904 (13.1) (5.9) (3.8) 82.2 . 59.4
1981/82 68.0  (16.1) (7.3) (4.8)  96.2  68.0
1982/83 7.6 (19.6)  3.2(5.7)  (6.0)  112.1 80.8
1983/84 . 88.3  (23.7)  3.8(6.9)  (7.5)  130.2 92.1
1984/85  100.2 = (28.5) 12:9  (9.1)  150.7 113.1°
1985/86  110.8  30.9(2.2)  15.0  (16.8)  169.7 156.7
1986/87  125.1  36.5(2.6)  17.6  9.3(3.6) 194.7 188.5
1987/88  140.9 42.7(3.0)  20.5 11.0(4.2) 222.3  215.1
1988/89  158.2 49.5(3.5) 23.9 12.8(4.9). 252.8 ' 244.4
1989/90 - 177.2 61.0 27.5 204 2861 286.1
1990/91 © 193.4  67.9 30.7 22,6 314.6.  314.6
1991792 215.4 76.8 %.7 - 25.3  352.2  352.2
1992/93 239.4 86.0 38.8 28.0 392.2 _ 392.2
1993/94  265.2 95.4 431 30.8  434.5 434.5
1994/95 ~  293.0  .105.0  47.4 - 33.9  479.3  479.3
1995/96  315.8  112.9 51.0  36.4. " 516.1 516.1
1996/97  347.0  124.2 . 56.1  40.1  567.4 567.4
1997/98  380.3  136.6 6.7 46,1 622.7 . 622.7
1998/99 . 415.7  150.3 . 67.9 48.5  682.4 682.4

1999/2000  453.1  165.3 . 74.7 53.3  746.4 | 746.4

Note: 1. Parentheses show power demand non—interconnebted'to CNPS.

2. Power demand in Malangawa, Gaurrénd Janakaalésor.areas _
are included in that of eastern Region of the above Table.
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.Taﬁié~3.3.2:

FNERGY REQUIREMENT IN WHOLE NEPAL
AND INTERCONNECTED SYSTEM

Ppwef Requirement by Region'(GWh)

Total (GWh)

Fiscé¥ ' _ N
Year . Céntrél -Eéstefﬁ '.Westefﬂ‘ - Far . whole: Interconnected
S . . - Western Nepal - System
1977778 144.2 (24.8)  (11.2) (6.4  186.6 1642
1978779 1658  (31.0) (14:0) (8:3) 219.1 165.8
1979]80 190, 7, (38.8) (17.5)  (10.8) 257.8 190.7
1980781 . 218.7  (8.1)  (21.7)  (13.9)  302.4 218.7
1981782 2582 (59.2) ~  (26.7).  (17.6) 361.7 - 250.2
1982/83  285.4 . (72.2) 11.6(21.0) (22.1) . 412.3 297.0°
1983/84  324.8 (87:3)  16.0(25.4)  (27.4) 478.9 338.9
1984785 36837 (104,8) 4?.3 (33.6) 554.4 1 416.0
1985/86  417.4 116.5(8.2) 6.3 (40.6) = 639.0 590.2
1986/87  471.2 137.4(9.:8) 66.5  35.1(13.5)  733.5 710.2
1987/88 - 530.6 160.8(11.4)  77.7 41.4(15.9) 837.8 810.5
© 1988/89 595.8 186.5(13.2)  90.1 48.2(18.6) 952.6 920.8
1989790 667.3  229.7. 103, 7 76.8  1,077.5 © 1,077.5
1990/91 745.4 -25115 18,2 87.2  1,212.6  1,212.6
. 1991792 830.4 295.9 133.6 '97.6  1,357.5  1,357.5
1992/93  922.6  331.4 149.6  107.9  1,511.5  1,511.5
1993/96 1,022.2  367.8 166.1  118.6  1,674.7  1,674.7
1994/95 1,129.5  404.6 182.7 130.5  1,874.3 1,847.3
1995/96  1,244.7  445.1 201.0  143.5  2,034.3 - 2,034.3
1996/97 - 1,368.0 - 489.6 22100 1579 2,236.5  2,236.5
1997/98 V,499.3 538.5 .‘243 2 1737 2,454.7 2,@54;7
1998/99  1,638.7 . 592.4  267.4 - 191.1  2,689.6  2,689.6
' 1999/2000 1,786.2  651.6 294.2 210.2 . 2,942.2 2,942.2

Note: 1.

_Parenthéécs:éhow ehérgy‘démand n0n¥interébhnected to CNPS.

.;1hnergy demand in’ Malangawa Gaur and JanaknJalesom areas_

are included in that of Eastern Reglon ‘of the above Table
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: though_they are administratively located in Central Region.



Table~3.3.3: POWER AND ENERGY DEMAND PROJECTTON OF WHOLE
: NEPAL_PROPOSED IN THE INTERIM REPORT I

Fiscal Energy. _Requirem.en't Power‘_ Réé_u_iferrie_nt l L:o:ad_ Fac ?:or
Year . (GWh)_ _ - M G ;:'(%)
1977/78 201.17 ' Csh2a . 423
1978/?9' - 11225.95" ' 56.80 L s
.*1979/80‘ B 6480 44,9
1980/éi | 306.72. 7483  ses
1981/82 335,23 g7 444
1982783 w020 .107.33 g
1983/84°  -511.35- | 12659 46
1984785 -" 600.90  s.99 46.1
1985/86 690.00 170,81 46.1
1986/87 784,22 | 190.04 o 47.1
1987/88 : 570.95 : 211.42 : 47.0
1988/89 97277 | 233.15 _'__ 47.6
1989/90 1,076:14 ' 260;05. o - 47.2.
1990/91 1,203.07 282,94 48.5
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Table~3.3.4: SUMMARY OF ENERGY REQUIREMENT TN THE WHOLE NEPAL
(SECTORAL DEMAND FORECAST) ~ '

Ené;g&‘Réﬁﬁiféméut By'SéE;dﬁ (Gwh)Vr S .
OO O D) TG T Toral
‘Industrial Commercial  Trrigation Domestic  Street Light- B

' : ing & Others

Fiscal
Year

1080/81  98.6  25.3 0.5 1905 160 279.9
1981/82 1151 - 28.7  15.2 142.5 S 1.0 3185
1982/83 134.7  32.7 20,0 156.7 18.3 . 362.4
1983/8h 15747 .3 499 1722 1905 436.3
}984/85l; 184.0 42;7'_ 631 189.2 | 'zofs.i . 499.8
1985/86‘ BEPTON __:48{5“ &5 2077 22;5  sss.0
oge/s7 272.1 55.3  114.1 22709 2.5 693.9
1987/88 3308 631 1414 250.0  26.7 812.0
_1988/89= a02.2 72.1= 166.0  © 274.0 29.3 916

1989/90  488.9 82.0  183.4 - 300.2 32.2  1,086.7

3=



Table-3.4.1: INSTALLATION SCHEDULE OF POWER PLANTS

Installed Peaking Capa-  Accumulated

Year: Project 'Calzﬁ;)ity Sz?éoi“ D.ry _ | Eiiig‘%y
‘(MW)_ ) -_(MW) :
- IR : 3 o o  47.992
1979/80 Gandaki 15.0 - 6.70 - saf?oz
80/81  Hetauda 100 8.50 .63;2023
si/s2 Kglékﬁaui No.l 60.0 - 60.0 123.202
82/83 Trisuli 1 1.0 2.0 | 125;202*'
84/85 bevighat o o 14.1 14 139.302
86/87  Kulckhani No.2 32,0 | 32.0_. o 172.302
w ' Marsyandi 6.0 66.0 238,302
89/90° ' Sapt Gandaki 75.0 | 75.0 313.302
90/91 B " 75.0 75.0 388.302”

92/93 " - 75.0 24.0 412.302

. ®*; Refer to Table-3.2..3.
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