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PREFACE

The Government ofIJapan,-in résPOﬁse 10 & Tequést of the'Governméﬁt
of the Kingdom of Nepal,'agfeed‘to,conduct_a“feasibility study on the
-Kulekbani No.2 Hydrmeqwer Station'Projéct and a study on thefKéihﬁandu-
Transmission and Distfibﬁtiohzsysteh Project. The Go#ernmenﬁ.qf Jdpan'
entrusted to conduct these studies the Japén Tntevnational Coqperation

Agency (JICA).

The JICA,.recognizing fhe'importance of these projects in the Social
and BEconomic Devélopﬁent Plan of the country, dispatched a 14 member
survey team headed by Mr. Masahiro Fuchimoto (Nippon Koei Co.; Itd.) 1o
Nepal o carry dﬁt the studies from November 18, 1977 4o March 24, :1978."

A report on these studies has now;been,éémpleted after further

work in Tokyo for submission to the Government of the Kingdom of Nepal.

.I'hope this report will prove to be' useful for the electric power
developnent and electrification of Kathmandu valley in the Kingdom of

Nepal.

T wish to express my sincere thanks to the persons concerned of
His Majésty‘stbvernment and the Nepal Electric Corporation {NEC), for

their cooperation sé_kihdly extended bo the Japanese survey team.

January 1979
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| Shinsakﬁ Hogén
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January, 1979

Mr. Shinsalu Hogen

President

Japan International Cooperatlon Agency
Tokyo, Japan

Dear Mr. Hogen,

LETTER OF TRANSMITTAL

We are: pleased to submlt the feasibility study report on the
Kulekhan1 No.2 Hydroelectrlc Progect located in the Central Region
of Nepal. In the report_are fully 1ncorporated the adv1ces_and
suggestions of the authorities concerned fof the abdveumenﬁioned
project in Japaun, as well as the comﬁents raised by the Ministry of
Water and Power of the His Mdjesfy's'Governﬁént of Nepal dufing the
final discussion on the draft reﬁort he1d at Kathmandu in November
1978.

.The Central Nepal Power System covers'Kéthm&ndu Valley, Hetauda
- Birgaﬁj corridor and their sufrounding areaé where most of the power
demand in Nepal is cépcentréted. It is anticipated that the system
will be short of power supply capacity in and after 1985/86, even with
the increase of power_geﬂérating faciiitiés.as presently'échedﬁled;
Taking thé'aboveufacts into account, the fimely construction of a hydro-

power plant is desirable thSupplement such shortage.

The Kulekhani Neo.2 Hydroélectric Project will have an installed
capacity of 33,000 k¥ and produce the primary energy of 95 x 10% Kkwh

6 kWh annually. * The initial investment

and the secondary energy of 25 x 10
cost ‘of the project was estimated at US$48 million at August 1978 price

level 1nclud1ng contlngency



- The eoonomlc 1nternal rate of return of the proposed pTOJect 1s _
estlmated to be 14 9 per cent Wthh proves to be economlncally fea31b1e:

“to the progect. In view of the 1mp0rtance and urgency of the progect

- for' the development of hydropower in the Central Nepal, as well as for

sooloeconomlc development of ‘the country as a whole, we recommend that
the His Magesty s Government of Nepal will take up bho proaect for

1mplementat10n

| We wish 4o take appaﬁ;uni‘ﬁy 1o ex;ﬁ«e'ss our sincere gretitu'de to_ the -
pelsonnel of your Agency, the M1n1stry of Forelgn Affairs and the M1n1stry
of Internatlonal Trade and Industry, the Embassy of . Japan 1n Nepal Ve
also w1sh to express our’ heartfelt gratlfude to the counterpart experts
_of the Mlnlstry of Water and Power and other auth0r1t1es concerned ‘of.
the His Magesty 5 Government of Nepal for their close cooperatlon and

a331stance extended to us dur1ng our field 1nvest1gat1on

Very truly yours,

Masahiro Fuchimoto
Team Leader =
~Nippon Koei Co.; Ltd.







SUMMARY_AND CONCLUSION
1.  The Kulekﬁani Prbject is a hydrdpowér development project which
.enV1sages the development of a series of three power: statlons, namely
the Kulekhanl No.1, No.2 and No 3 Power Statlons, on the Kulekhani
' and the Raptl rivers -in Lhe Central Reglon of Nepal . A 107 m hlgh dam
_is being constructed on the Kulekhanl river Yo create a reservoir with.
.net_storage cap&01ty'of T3 x'lO m3, and the water regulated by the
reservoir will be diverted to the Rapti river. It is planned to develop
the hydropower po{ential by the said ihree successive power stations |
on the course of the Bapii river,'uﬁilizing a total gross:head of more
than 1,000 m. The Kulékhani No.l Pﬁwer St@tioﬁ with an installed .
capacity of 60 MW (which is the first stage development of the over-
all Kulekhani - Project),is under construction and is éxpected to be com—
pleted in 1981. The Kulekhanl No.2 Power Statlon,ls the natural fellow—'
up of the No.l Power Station. The Project contemplates to generaﬁe
33 MW hydropower by utlllzlng a. gross head of about 300 m. The
Kulekhani No .3 Power Station will have an installed Lapac1ty of 17 MW.
The annual energy output produced by the overall Kulekhani Project will
be about 430' x 10° k. ' '

2., The Central Nepal Power System (CNPS).coverS’Kafhmandﬁ Valley,
ﬁetaudamBirganj corridor and their'surfounding areas where most of the
rpoﬁer demand of Nepal ishconcentratedf “Poak load of the CNPS reached
31,900 kW in 1975/76. . The annual peak powér demand takes place in the
winter season (Janualy or Pebruary) correspondlng to the early part of
_the dry season. The installed capacity ¢f the CNPS amounted to!35,226°
‘kW; - the power generatlng facililies cons:st of hydropower plants of
27, 570 kW and diesel power plants of 7, 656 kW, - However, almost the
whole POWQI demand is presently met with hydropower plants most of which
are of the run—of-river type,-31nce diesel power plants are operated
| only in case of emergency and when the powér.demand of peak time of the

dfy season cannot be met with hydropower plants.

3.  The Lumb1n1 Zane in the souﬁhern part of the: Western Reglon is .
seheduled o be intercormected with the CNPS in 1978/79. Fulther, the
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~ Gondaki Zone in the:northefn part of the Western Region is expected to
be extended to the CNPS in the near futuve. When bhe Kulékhani No.l
and No.2 Power Stations will have materialized, they would serve for

such extended CNPS (called the Greater CNPS).

4. The'power demand of the CNPS is‘fapidly.incréasing along with the

. recent economic grgwth of the area. The annual growth rate of peak de-
mand has béen around 20 per cent for the latest several years., If future
peak demand is forecasbted to increase at a rate of 10 to 20 percent fer
annum, it would reach 66 MW in 1980/81, 114 MW in 1985/86 and 198 MW

in 1990/91. ' '

5. To meet with the rapidly increasing power demand, the Government
has decided £o'take such steps as the construction of the Devighat
Power Station with an installed capacity of 14,400 kW and the supply
of power of 15,000 kW from the Gandaki Power Station. Even if the
said steps are.taken as scheduled, ‘the CWPS will be short of power
supply.Capacity_in and after 1986/81. Besides, taking into account
the fact that the CNPS which depends 1argely on the run-of-river type
plaﬁts is short of peaking capacity, the timely construction of a
hydropower plant with a large reservoir is keeﬁly_required to increase

the peaking capacity of the system.

6. Hydropower has always been considered as the beét source of energy.
Especially for countries like Nepai with large hydropower potehtials and
few or no other source of fuel, it is obvious that the existing water
resources éhould be dévelopéd.to_meét the country's needs. Now, under

the cifcumstancesg.thé Kﬁlekhahi_No.l Pover Statidn presented itself

for priﬁrity for such,reasons as it is located in the central power demand
area, and it permits a reservoir construciion of réasonable.magnitude
which is.valuabie whén:the éxis%ing hydropower plants afé.all of run-
of-river type and when more plants of such type are anticipated for

the foreseeaﬁle future, The construction of Kulekhani No.l Power Sta-

“tion was. started in 1977 and-is scheduled to be completed in 1981.
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T FUrthef shortage of the power supply capacity of the.CNPS_will- _
oceur within a few years after commissioning of - the Kulekhani No. 1 Power
Station due to the said high rate of-pbﬁer'demand_incréasé,.Suéh short&ge
is eﬁpected to occur in 1985/86. After 1985/86, operation of a new power
plant will be neééssary=t0 meet_fhe power demand of the CNPS..As'a new
power”piant the Kulekhani.No{ 2 Poﬁer Stétion.willJbe of high priqfity
for such reasons. as; i) it is situated in the central pbwér demandwarea,
ii) it is easy to access to the project 51te gince. the propoged gtructure
. sites are located along the National Route, iii) 1t may be possible to
transfer to the No. 2 Power Statlon the construction fa01l1tles plants
and  machinery which are being used for the construction of the No. 1_
Power Statlon, and 1v) the plannlng of the project is progre551ng and

it is possibie to commence operatlcn in 1985/86 in con51d91at10n of the
61 years which will be needed for flnan01a1 arrangements, detalled |
inveétigation, preparation of tender. documents, tendering, moblllzat3on

and construction.

8. The Kulekhani_NoJ.2 Power Statiqn'site is situated on the upper
basin of the Rapti river in the Central Région'of Nepal, at 550ut 21 km
southvest of Kathmandu. The area is topographlcally in the stage of
early maturlty, with ground height ranglng Trom 600 m o 2,500 m. The
upper Rapt1 basin is geologically composed of lower to middle Paleozoic

sedimentary rocks with 1ow~grade metamorphism and Queternary deposits.

9. - The Kulekhani No.IQIPower:Station.wilifutilize the régulatéd Tlow
from the Kulekhani No. 1 Power Station and the natural flow from the

Mandu riveér and the Rani river, both tributaries of the Rapti river.

Since runoff records in the upstream basin of the Rapti river afé'not
available,  the runoff of séid'tribﬁtaries of the Rapti river is cphverted
lfrom that of-the Rajaya gaging station which is located Qn thefRépti

" river about 40 km downstream of Bhainsedobhan. The average régulafed flow
from the No. 1 Pover Station will be 4.98 m?/sec in annual mean. By -
col]ééting.the'natural flow from the tributafies 6f the Raﬁti'river (the
Mandu and the Ranl ba31ns hav1ng a total catchment area of 23. 9 kmz) the
av11lable total inflow: to the No. 2 Power Statlon increases to 6.23 m3/sec

in annual mean.
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10, The Kulekhanl No.2 Power Sbatlon w111 have an 1nst&11ed capac1ty

of 33 OOO kW IL w111 generate energy of 117 9 GWh per annum 1ncludlng
- 95, l GWh of prlmary energy und 22,8 GWh of secondary energy Tt is
antlclpated that the total 1nsta11ed capa01ty of the hydropower planb
would have amounted to 111 160 kW, con31st1ng of 51 l60 KW of run“of—-
.rlver type power’ plant and 60,000 kW of the Kulekhanl No 1 Power Statlon,
':and 33,000 kW of the Kulekhanl No. 2 Power Sbatlon, when the Kulekhani

" No,2 Power Sbatbion will have been’ put into: operatlon ~In addltlon,
there w111 be available d1esel powel plants of 18,650 k¥ in. the Greater
CNPS. The Kulekhanl No.l and No.2 Power Statlons will be operated to
the maximum extent p0531ble in order to meet the largely varylng dif-
ference between the ‘energy 1equ1red and energy output of the ex1st1ng
and under—constluetlon hydlopower etatlon In such an 0perai1on, the
;annual energy ploductlon of the power plants in the GrEater CNPS w111'

‘he 718 4 GWh in total as llsted below:

(Unit: GWh)
'Primhry Secondary Total
Existing and under~construction ' _ '
“hydropower plants 334.2 -
Kulekhani No.l P.S. - 171.5 - 30.1°
Kulekhani No.2 P.S. 95.1 ¢ 22.8
Diesel power plants o 64,7 -
Total - 665.5 52,9 718.4

1k. The Progect w111 con51st of such constructlon as the Mandu dlver—

sion weir of 54 m in length a waterway 1nclud1ng Mandu intake, a

headracc tunnel of about 6 km in length the Rani trlbutary intake, a
surge tank and a penstock tunnel ~and an ‘power btatlon with an installed
capac1ty of 33, OOO kW'lncludlng a ﬁallrace channel of: about 160 i in
length The 132 kV transmlsSJOn 11ne w111 be - constructed ‘between Kdthmandu
and Hetauda o bransmlt power from the Kulekhanl N0.2 Power Statlon l'bor
_rece1v1ng the sald power, the New Teku substat1on, whlch w111 be new]y
-constructed as a part of the Kulekhanl No.1 Hydroelectrlc Progect and

w111 bhe’ completed in 1981, will be extended by 39 MVA. The_Pro;ect



will be completed in 6} years including the detailed design, tendering,

mobilization and the preparatory works.

12. The estimated constructlon cost of the progect ig US$48 mllllon
equlvalent excludlng lnterest durlng construcblon, comprlslng &pprox1—
mately UsS$40.8 million of f01elgn currency portlon and US$7 2 million

equlvalent of local currency portion.

13. The economic fea51b111ty is demonstrated by estlmatlng the economlc.
1nterna1 rate of return for the evaluation perlod of 50- years, u31ng the
economic benefit and cost sbream .For the purpose of evaluatlng the ‘power
benefit of the project, a 33 MW coal-~ flred thermal power plant is con-

' 51deled to be the most economlcal alternatlve plant Based on the fol-
low1ng basic values, the economic 1nterna] rate of return is estimated
to be 14.9 %; which proves to be economloally feasible to the progect.
Even.taking thie réduced.béﬁéﬁit.of 10 % and increased cost of 20:%, the

economic internal rate of return is calcﬁlated to be 8.9 %,

_ Henefit

Investment cost US$27,090 x 10° (US$821 /W)
Replacement cost’ US$24;390 x 103_ _ (US$739/kW)
Annpual 0 & M cost Us$ 810 x 10° (US$24.6/kW)

Fuel cost - US mill 35.1/kWh
Annual energy 6utput o |
Primary : : . ..' 136.5 GWh
Secondary té.be exported to India  13.4 GWh o

Cost
Project facilities
Investment cost US$4O,6OOIX 103
: ki) 3
Replacement cost US$14,290_X 10
Aunual O & M cost  US$ 250 x 107
'Associated fécility' o .

- ) , .- 3
Installatlon cost usg 950 x 107
Repldcement cost 'US$j_860rx 10?

~Annual} 0 &M cost'._ Us$ 30 x 103
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14. Toxr the purpose of the financial ana1y51s of the Proaect the
financial power cost at a prlmary substatlon has been estlmated on the
 basis ‘that the loan condltlons are: such that the lepayment perlod and annual
1nterest rate are 30 years' 1nclud1ng T-years grace perLod and 4%, respect1vely.
The flnan01a1 power cost of - the Kulekhanl No. 2 Power Statlon is US m111

38, 4/kWh Whlle, in- case thdt a coal- f:red thelmal power plant (as the
alternatlve means) is constructed 1nstead of the Kulekhan1 No. 2 Power
btatlon, ‘the flnan01al power cost is also calculated under the loan'
Lond1t10n that the repayment perlod and annual 1nterest rate are 20 _years
1nc1ud1ng T—years grace perlod and 2.5 f and its value is US mlll 68 5/kWh
Tt is CODSLderEd that the flnan01a1 power cosL of the Kulekhanl No. 2

'Power Statlon does not show an unreasonable value), as far as the com—

'”par1son is made with that of a coal*flred thermal power plant

15. - The prindipdl_featﬂreé of the project are summarized in the follow-

ing table.
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PRINCIPAL FEATURES

1. Power Generation

(1) ’Diécharge

Firm discharge: L 4.54 m3/séé
Annual:average: B : '. _'6.23 ﬁj/sec
Magimﬁm discharge: : . 14.3 m3/sec.
(2). Head!

.Iniaké watgr levéi: _ - _ EL, 910.0 m
 Tailvater level: | o EL. 602.5 m
Gfoss'headi - - N 307.5 m
Réted head: - . . 278.0:m

(3) Power and energy oubtput
Installed capacity: s 33,000 kW
Dependable peak power oubput: 33,000 kW
. Annual energy 0utpﬁ£3
Primary o S 95.0_GWh
Secondary - . B - - 25.1 G¥h-
2;.Waterwax
(1) Mandu diversion weir

High Wéte? level: ' - : EL. 912;5:m

Low water level: g | FL. 910.5 w
Effective stérage capaciLy¢ ) 12;0Q0jm3'
Cfést elevation: I o EL. 906.0 m
Weir height: . 14.5 m
Weir lemgths 535w
Gate: B  Vertical 1ift type,

12,5 m wide x 7 m high
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(2) Intake

Type Prov1ded with settllng ba81n and tank’
Gate: ! o Yertical llft type, 2, 5 m w1de X 2.5 m hlgh

(3) Headiace.tunnel

Type:l ' - . Circular section
Length: : 5,750 m

Diameter: ' 2.50m
(4) Rani bributary inbake

Type: _ L 'Weir,_seﬁtliné‘basin'&nd'inclined
- shaft provided

(5) Surge tank

Type : : . Restricted'Orifice type

Diameter: 8 m

Height: . 42_m_:
(6) ‘Penstock line

Tyée; R .Undefground concrete-lined steei pipe

Diameter (varies): : 2.0 - 1.7 m
Length: 870 m

(7) Powerhouse
Type: ' - Above- ground type
- (Floor 12.5 m x 34 m, 33 m high)
._(8)- Tailrace
Type: ' ,.-' Déuble—bdx culvert type’’
" Dimension: - ' (2.5 m wide x 2.0 m high) x 2
Length: _ -160 m
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3. .Elecirdfmechénical Equipment
(1) Generating'ﬂquipmenﬁ
i) - Turbine
Type: . - VértiéaIAShéft_Francis.for 2 units
- Horizontal~shaft Pelton for 1 unit
Rated output: 15,200 kW for Francis
: ' 3,000 kW for Pelton
~ Speed: : | 750 -rpm for Francis .
: 600 rpm for Pelton
ii) Gehérator_
- Type : _ ' 3~pﬁaée, verticalwshaft, revolving
: field type.for 2 units

_3—phase,:horiéontai—shaft, revolving
- field type for 1l unit '

Capacity: . 2 'x 18,000 kVA
_ _ o 1 x 3,600 kVA
Cycle: . : 50 Hz

Power factor: 0.85

iii) Main transformer

Type: Single—phase to ‘form a 3-phasé bank,

0il immersed, self-cooled type
Voltage: . 132 - 139 - 145 KV/11 kV
Capacity: | . 39,000 kVA .

(2). Transmission line and s_ubst_ati.onr=
i) Transmission line (32 km long between Kathmandu and Hetauda)
Voltage: S 132 KV
o L 2
- Conductor: - -~ - 240 mm
.ii) New Teku subsiatiqh:in Kathmandu

Capaéify to.be extended: 39,000 kVA
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CHAPTER 1

INTRODUCTTON

1.1 The P9331b111ty Stu@y

The Government of Japan,de01ded to take up a- fe351b111ty study on
“the Kulekhani No.2 Hydroelectrlc ProJect in 1977, in response o’ the
request made by the His' MaJeety s Government of Nepal. The Japan Inter—
national Cooperation Agency (JICA) was appolnted as the executlng ageney g
of the Government of Japan for the’ fea51b111ty study and entrusted the
.work to the Nlppon Koei Co., Ltd, in November 1977.

1.2 Work Performed

The field work was performed by the Nlppon Koel team in collabora—
tion W1th the counterparts furnished by the Electr1c1ty Department (ED),
the Mln;stry of Water and Power,'and Nepal Blectricity Corporation (NEC),.
" both of HMG, during a period from November 1977 to March 1978. The main

items of the field work are as follows:

(1) Collection of data and information of meteorology, hydrology,
' topography, geology, povwer demand and eupply, socio-economy

and ofhers.

(2) Reconna1ssance of the proposed sites for dam, 1ntakee, waterway,
powerhouse, transm1551on line, access roads and other relevant

_Structures.

(3) Aerial phbﬁolshooting, ground control survey and mapping-eoveriﬁg

the proposed Sites of power station, penstock line‘and intake sites.

(4) Core.boring and geophysical exploration at the proposed Struetural

sites.
(5) Stream flow measurement on the Mandu, the Rani and the Rapti.rivere;

‘The ahaiysie and detailed study have been carried out in Japan sub-

. seguently to the fleld work and al] the results of the works are pre-

sented in this F9331b111ty Report
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1. 3 General bettlng of the Proaect

The hydroelectric power development of the Knlekhanl river was.
first 1ndlcated by the Sw1sseNep&1 Forward Team in 1956. The pldn'at _
that time was based on a diversion of the Kulekhani river to tHe.Rapti_
river bo ubilize a high waber head between the two riverS'in'thé_upm

stream reaches.

- A more comprehensive plan was proposed in the Pfeliminary Désignt
Report on'the Kulekhani'Hydroelectric Project'preparéd by alﬁeam_dié—
patched by the Government of Japan in 1963. The proposed plan took in-
._tdiaccount the water head in'fhe Rapti river itself in aaditioh to the
water head between fhe Kulekhéni and deti riveré. It'inclﬁded.a reser-
voir in the Kuiekhani:river and three power stations in the Rapti river

to develop a potential of 112 MW in a cascade of more than 1,000 m.

The hydroelectric potentlal so far surveyed in Nepal was cla581—_.
fied {in the Masterplan of Hydroelectric Power Development in Nepal by JICA in
1974) into ﬁhree grcups. Large scale development for the export of power
to Tndia, medium. and small scale development bo meet.the domestic demand
and micro projects for the rural electrification. The Kulekhani:Projeét
belongs to the medium and .small scale .development and it is located in

the central Nepal.

~His Magesty s Government of Nepal took up the 1mplementat10n of the
Kulekhani Project, in view of the rapid growth of power demand in the
central Nepal, A feasibility Studyz—'was carried out under the teehnl—~
cal aésistance program of the Government of Japan between 1973 and 1974
and it was_fecommended to implement the.Kulekhaﬁi No.l Hydroeleétric“

Project as the first stage of the Kulekhani Projéc’o.

_ i The Kulekhanl No 1 Hydroelectric Pro;ect is under construction.and
'should be completed in 1981. Tt includes. a storage dam of 73.3 % 106m3
in active storage capa01ty on the Kulekhanl river and a power statlon o
with’ 1nstalled cap301ty of 60 MW on the_haptl river. The water head . -
utiiizéd is 600 m. The Kulekhahi'NoHZ Hydrdélectric Pfoject wiil“develop
a potential of 33 MW in 2 cascade of 300 m 1mmed1ately below the No.1l o
: Power Statlon, ut11121ng the regul&ted filow from the No 1 Power Statlon

JAY Fea31b111ty Report on Kulekhanl Hydroelectr1c Proaect JICA,
September 1974, .



CHAPTER II

BACKGROUND

2.1 Geographic Features of Nepal.

The Kingdom of Nepal of 141,000 km? is bounded by Tibet of. the
Peopléfs Republic of China in the‘north and India in the.éouth, The
country extends from 26°30' to 30°15' north in 1ati{udes and from 80°00"
o 88°15" east in 1ongituaes. Tt is about 800 km in the east-west direc—

tion and from 150 to 240 km in the north-south dllectlon

The land of Nepal comprises six well defined topographic zones from
the south to “the north; the Terai belt, Siwalik hills, Mahabharat moun-

tain range, Mid-land zone, Hlmalayaﬁ range and - Tibetan plateau._

The Terai belt 13 the Nepalese portlon of a vast flood plain extendlng
from. the lefd bank of the Ganges river-and lies between the Indian border and
the foot of the Slwallk hills. It has an altitude ranging from 60 m bo -

" 300 m and a width from 15°&m to 40 km. -The southern part is densely
populated; partly with people of Indian stock, while the northern parﬁ

is covered with thick forésts.

- The Slwallk hills rise sharply from the Terai belt up to an.altitude
of 1, 500 m. Main features of Lhe_blwal1k hills are characterized by its
rugged relief, dense Fforest, poor soil consisting of soft sandstone rich

in mica and quartz and large-grained conglomerates and a low population.

The Mahabharat range rises to an altitude of Some 3,000 m. Geologi-~
cdily, it is a front of the Big overthrusted nappeé; the bféékers against
the Siwaliks; In general, Lhe Mahabharat range fqrms.a large syncline
which covers nearly the whole length of ﬁhe counfry (800 kﬁ).  The.Mahabharat
range is vefy rugged and has steep glo?es. Large tribufaries'bf the |
Ganges river (the Karnaii, Bheri, Gandaki and Sapt Kosi riverS) Have made
deep=g6rges tr¢nding-soﬁth acrass the Mghabharat range, The population

density is low,

The Mldlands of Nepal cover a zone of 65 km to 100 km in w1dth between
_the Mahabharat range -and the Hlmalmyas The Mldland zone has_a terrain of
very gentle slopes lying at altitudes ranging from 600 m to 2,000 m.
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The bulk of the coun%ry'é population is-cbnceﬁtr&ted,in.this EQne. _
The Midland zZone is verypfertile; and all kinds”pf fruiﬂs,_végetableé

and gréins_of subtropical and moderate climates‘arepgrown.

The main range of the Hlmalayas is d1v1ded by the blg transversal rlvers
1nto different groups. The main trlbutarles of the Ganges have thelr
origin at the watershed to. the north of the Hlmalaya range and cross through
the H;malayas south-wards formlng large gorges[ The maln‘lapge_of the
Himalayas forms the border line between Népal and Tibet.iﬁ its eastern

~ part.

In the western halx, Nepaleso terr1tory extends far beyond the maln
range of the Himalayas into the leetan plateau ‘The leetan-plateau in
Nepal consists of a.mountaln desert between=3,QOO m.and.s,OOO'm in altie.

.tude. With irrigﬁtioﬁ, bﬁrleypand other grains are'raiséd_beéides Po-
tatoes. Many Tibetans are engaged in trade extensively pitﬁ Tibet @nd-

India,. :

The climate of Nepal is affected_by the physical features of the
land. Teraipbelt‘and Siwalik hills are dominated byfa'subatropical o
climate, with maximum temperatﬁres-rising over 4OOC'in summer {April
and May) and minimum temperatures falling to 4°¢ in w1nter (January)
The annual pr901p1tat10n in this part is about 2,200 mm to 2 » 300 mm?

_ The air temperature in the Mahabharat range and the ‘Midlands is usually-
6° to 7 °c lower than in the Terai belt dnd Siwalik hills. The annual
pre01p1tat10n over the Mdhabharat range varles from about 2, 500 mm in

the east to 1,000 mm to 1 500 mm in ‘the west.  The Hlmalayas and the_
.leetan plateau have a climate peculJar to the hlgh-mountalns, with the
maximum temperatures up to only 21 C and the minimum temperatures fa]llng

below-free21ng point. The annual preC1p1tat10n is below. 1 OOO mm.

The population in_ﬂepai'is 12.9 million (1976)5:c0mprising vgriops
races and. tribes defiving from, thé TibefoaBurmese group, the pure.Tibefén
'group and the Indo-Aryan gxoup While each sub- group of the people has
©its own language and dlalects, Nepali (Gurkhall) is the national
'[1anguage and is 5poken among: the people. The_pppulathn is growing at a

rate of 2 % per annum.



2.2 Economy of Nepal

The fiscal year in Nepal runs from mldmduly. Grosé Domeétic Prdduct
(GDP) of Nepal has risen at an annual rate of 2, 2.per cent’ durlng 1963/66
- 1974/7) in real terms. It ~was Rs,14,800 million’ (US$1,179 million) or
about US$100 per capita in 1974/75 The présent Five Yoar Paln (1975/76
- 1980/81).has planned to increase the GDP at a rate'of 4]% every year,
The HMG's budget i¢ Rs.2 séo'mi11ion'(US$2és million) in-1977/78 of |
which about 20 % are forelgn grants.: The ex90rts were reported to be
" Rs.l 200 million (US$96 mllllon) and the 1mports were Rs.2,000 mllllon
(US$159 mllllon) in 1975/76. About 70 % of . the foreign trade is with

Indla. MaJor exports to Indla are rice, 11mber, ]1nseed and ghee,

The foreign exchange héldings of Nepal has steadily increased and
amounted. to US$140 million'equivalent‘in 1976/77. 'Balanée of inﬁerna— 
tional trade showed. a deflclt of US$73 million in 1976/77 against US$58

million in the plevlous year.

Agrlculture is Vepal‘s pr1n01pa1 economi ¢ act1v1ty It accounts
for two—thlrds of . the GhP, employs 87 7 of the labour force 1nc1ud1ng
workers in agrobased factories, and contributes about 75 % of the coun~
try s export earnings, In addltlon, it prov1des much of the raw matellals

for the industries,

Industry has groﬁn fastef £h§n the othef sectors ﬁnd its shére-of
the GDP was 10 % in 1974/75. fn&ustrial_poiiey of HMG has foéused on the

 promotion of import-substituting industries. This is reflected in tho

recent esbtablishment of cement and textile_industries,.exﬁansions in

the sugar:and.cigarette factories, and the:proposed establishmeht:of

new iron and steel, paper, textile{ fertilizer, and cement factories.

With a view to promote’ 1abor~1nten51ve small—scale and cottage in-
dustrles, provisions have 1ecent1y'been made to abolish excise duties
and sales taxes on the ploducts of Smallmscale 1ndustrles. ThlS policy
is expedltlng the prlvate 1nvestment in small- scale 1ndust11es. ‘Tourlsm
has become one . of Nepal‘s major source% of forelgn exchange earnlngs.
.Forelgn visitors were 105, 000 in 1976 and are increaslﬂP year by year,

The Mlnlstry of Tourlsm, newly establlshed in February 1977, is estlmatlngf



that the number of v151t0rs will reach 12),000 in 1978, The conétruc;
.tlon of new hotels and the ewten51on of the exlstlng hotels are belng

promoted by HMG.

' The communications system in Nepal was in a poor.bbndiﬁioﬁ uhtil
the early 1960;5, but, at present, the total length of motorable roadg
has réached 3,500 km, 40- % of which are sealed A highway from Kathmandu
to India via BlrganJ is an artery of Nepal 5 economy 51nce it connects
with Calcutta where all the goods from foreign countrles (except Indla)
to Népal are landed, Recently, the southern portlon of the hlghway
was 1mproved in allgnment and now 1ntersects near Slmra wlth the Eagst-West

.nghway which Tuns across the whole length of Nepalese Teral.

Royal Népal Alrllnes Corporation operates 15 commerclal alrports

but the country's only 1nternab10nal alrport is atb Kathmandu.

Moét_majbr fowns_are linked by a wirelese network operated by the
HMG, HMG has planned to introduce a'microwavG netw@fk to cover the

entire country.

Nepal is administratively divided into 14 zones and subdivided
into 75 distriéts. In the execution of economic development policy,
the terrltory is divided inbo the Central (Kathmandu) Fastern (Dankuta),
Wosbern (Pokhara) and Far Western (Surkhet) Development Regions, ' The
capital at Kathmaﬁdu is 10Cated in the Bagmati Zone in thQ:Céntral
DeveloPment Region., The so-called Kathmandu-Hétaudd—Birganj corridor
along the Kathmandu—Culcutta hlghway is the center of the nation's

economic activities.
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POWER MARKET

- 3.1 Power Condition in Nepal

The ‘power demand in Nepal has increased at a hlgh rate of 20 %
1t'was 118 GWh in energy and 46 MW in peak in 1975/76. About 75 % of the

demand'oégurs in the Central Development Région.

Nepal has total installed capacity of 64.3 MW including 37.4 MW of
hydroelectric power stations, 23,1 MW of diesel power stations and 3,8 MV
‘of steam power stations, FEnergy generated in 1975/76 was 142 GWh,

Towns near . the boderllne between Nepal and India have beén connected
with Indlan power grid based on the’ agreement between the two countries.
In the present agreement, the pover rate is 20 mllls/kWh The maximum
power imported from India to Nepal is 12 MW’ and exported from Nepal to
India is 7 MW. There are. towns 1mport1ng power from India whereas the only -
éxport to India is carricd out at BlrganJ. The power sSwap between: the two
countries has'iapidly'increaSed as shown in Table 3.1, Nepal imported

25,4 GWh from India and exported 5.9 Gih to India in 1975/?61

Power development and supply are.aﬂministrated_by the Mihistry

of Water and Power. The Electricity ﬁep&rtment of the Ministry of

Water and Power (ED)'is responsible for the ﬁlanning and construction

of electrie power projects. It normally hands over the power generatlon

and transm1551on facllltles to othﬂr organization as soon as compieted, but
it currently operates 5 5 MW of power stations Lhroughout the country. There -
are’ two’ 5em1—autom0nous bodies which operate power supply systems. The Nepai
Electrlclty Corporation (NEC) operates the Central Nepal Power System

(CNPS) with a generation oapa01ty of ‘42.3 MW in the Central Development
Reglon The Eastern Electr1c1ty Corperatlon (LEC) was establlshed in

1974, .1t manages the power supply system which connects Raalrag, Katalya
.Bifﬁtnagar Dharan in the Eastern Development Reg10n. Butwall Power Compaqy
(BPC) is a private:company parﬂneréd by ED;‘ It supplies Butwal with a

pQwéf station of 1.2 MW in the Western Development Region.
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Fig 3.1 POWER SUPPLY SYSTEM (CNPS)
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There -is no commercial deposit of fﬁésii fuél sﬁch aéICOai or'
petroleum so far expleited in Nepal. The Aimport- of pctroleum products
is increasing year by year and amounted to Rs. 281 x 10 {(Us$26.6 x 10 )
in 1974/75 MG has always made every effort bo explolt domeatic hydrom
powver for meetlng energy demands in lleu of 1mport1ng fuel
The Gandakl Power. Sbatlon of 15 My beside the borderllne between Nepal
and India is nearly completed with. the flnan01a1 a331stance of

India. The Kulekhani No.l-Power Stgtlon of 60 MW is .going to be com~
pleted in 1980/81. The Devigat Power Station of 14.4 MW will be com-
pleted near Trisuli in 1981/82. With completion of these three power
stations;the hydfoélectrid pdwér'insfallation will be increased from

the presént 34.6 MW to 126.2.MW.
The existing and planned power supply systems are shown in Fig,3;1.

3.2 The Central Nepal Power System (CNPS)

The Kulékhani'N0.2'Power-3t5tion will Purnish power to the Central
Nepal Power System (CNPS) which supplies most of the power demand in the
Central Development Regiom.

Sundarijal, Sunkosi, Trisuli, Kathmandu, Patan, Panaubi, Hetauda
and Birganj are connected by 277 km long 11 kV and 66 kV transmission
lines of the CNPS, Thé'éystem has six hydroelectrie power stations of
34.6 MW installed capacity, five diesel power station of 8 MW in
total capacity, ten substations and five switching étations. More

details are Shown in Table 3.2.

Table 3.3 shows the power production and consumpbion in the CNPS
betﬁéen 1963/64 and-1975/76. The power demand has grown at an 5“““&1_
“rate of 24 % on an average. The figures indicate that the annual growth -
_rate belween 1973/74 and 19?5/76.dr0§ped to 14 %. ‘'this fact is &tﬂribuﬁed
to the shortage of ?oﬁér géneratibn._ It is reported that under—utilizafion
of maJor factorles has become 81gn1flcant because of Short&ge in power 1n
recent’ years. ‘The loss in power accounts for 30 % of” the total energy

generated. This large 1oss indicates 1nadequacy of the supply system
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Energy consumed is classified inbo contract categories in Table
3.7, Domestic demand-is 60 %, industrial demand is 20.%, commercial

demand is 10 %. Industrial demand is.growing at a high rate.

Seasonal variation of power demand is s1gn1flcant w1th a hlgh demand
in winter (dry season) and low demand in summer (wet season) as shown in
'.Fig 3.2. Table A3.5 of APPENDIX 111 showed that the average monthly
power demand between mld Apr11 and mid November was 82 % of that of the
remeining months of the year during the period 1972/73 - 1976/77. -

Typical daily load curves in winter and summer in 1976/77 are illust-—
rated in Fig.3.3., From these curves the load factor was estimated bo be

60 % for winter and 55 % for summer,

3.3 Interconnection of the CNPS with New Western Sys tem

In 1e1at1on ta the on—g01ng construc ion Gf the -Gandaki Yower
Statlon, a 132 kY s1ng1e 01rcu1t transmission line is under constructlon
between Gandaki and Hetauda via Bharatpur, 1nclud1ng a 33 kY grld to con-
nect Gandeki, Parasi, Bhairawa, Butwal “fansen, Lunbini, Taulihava,
Krlshlnagar and Bahadurgang (the connection between Taulihawa and
Krishinagar is an existing 33 kV line)., This system will be intercon—
nected with the existing CNPS 5y enlarging the Hetauda substation. It
will be-eamplétea'within_1978/79. '

In addition to the above, the installation plan for a 133 kY transmission
line between Bharatpur and Pokhara must be started in the near future
because the power demand "in Pokhara is grdwing fast. It is assumed that

this line will be evenbually connected with the CNPS in 1984/85,

‘The ONPS connected with the above-mentioned two systems is herein-
after called_thé'Gredier CNPS. 'The power facilities in the Greater CNPS
‘ave as listed in Table 3.2,

The energy consumptlon and peak demand.in the towns in the Greater
CNPS are summarlzed in Table 3.6, This table also includés the ‘demand
in prlvate factorles whlch have their own dlpsel generators but will be

included in the power supply system when completed
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Table 3.1 Fnergy Swap with India’

| Unit: MWh
1971/72  72/73 73/74 74/ 75/76
Tmported from India to Nepal ' '
Rajbiraj - 224 © 323 - -
g Bhadrapur' - - - _ 95 418
E § Biratnagar 1,829 4,591 6,262 10,188 17,368 -
%g Sirha - - - 101 . 314
5] : .
Total 11,829 4,815 6,585 10,384 18,100
'Jahakpur- . R
Jaleswar - 11 112 386 1,263
| T“.‘. g Gaur - 28 159 203 282
2%  Malangawa - 1 20 146 156
Total - 40 291 735 1,701
; Krishnanagar - - 147 331 64T
N2  Bhairahawa - 188 843 1,191 1,730
+ L . . -
0 ; A - .
2 & Total - 188 1990 1,522 2,377
Koilabas - - - 52 125
by Nepalganj - 159 788 1,648 - 2,315
CP g _ _ .
E a Dhangarhi - - - 93 375
5 § Mdhéndrandgar - - 107 217 E36_0
@ ) . .
: Total - 159 895 2,010 3,175
Grand Total 1,829 5,202 8,761 14,651 25,353
Export from Nepal to Iﬁéi&
Birganj (Central Régipn) - 2,324 3,702- 4,621 . 5,940
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Table 3.2 Present Power Facilities im CNPS

(1) _Hydfopoﬁer Planfs

Present CNPS = .
| Prisuli - o 18,000 kW
Panauti : o :2;400 "
Sunkosi - o 6,000'“
Ph&rping ' - B 500 "
Sundarijal 640"
Godawari':-. B : : .330 "
Total L 27,570 k¥
.gig@ter CNPS ) : _
Pokhara (Phewa) . 1,024 kW
 Tinau " {Butwal) - 1;200 h_

Total o 2,224 kW

(2) Diesel Power rlants

Present, CNPS3 _ _
© Mahendra (NEC) 1,696 kW -

Patan (NEC) : - L4900 "
Hetauda (NEC) - : 4,470 "
Total B 7,656 KW

Gréater“CNPS

“Baratpur (NEC) . - | | . 528 kW
'?okhéra (uMe) L 1,038 "
Tansen  (HMG) = 2490w
Bhairahawa (HMG). . 500 "

omC o120t
'.Oihei HMG plant$ _' '207_5'
Birganj Sugar Mill 800 M
-ophéf private plant - 1,300.74 k¥

Total . . L 4,742.74 kN

/1: Total installed capacity will be extend to 14.65 MW when Kulekhani -
No.l P.S, {with diesel .support of 2,250 kW) will begin its operation. -
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Table 3.2 (Continued)

(3) Steam Power Plant

Birganj Sugar Mill 1,600 kW

(4) Transmission Lines

66 kV Double Circuit: Trisuli-Balaju ]

kan
. _ Balaju-Birganj _ 122 km
66 kV Single Circuif:_ Sunkosi~-Patan - - ':57 ki
33 kV Single Circuit: . Panauti-Bhaktapur - 20 km
11 kV Double Circuit: Kéﬁhmandu_Ring . 36 km
11 kV Single Circuit: Sundarijal-Bhaktapur 10 ‘km
Total | o | 277 km
(5) Distribution lines
11 KV Feeder o o - o .33 km
3.3 kV Line . . . B _ 64 km
400/230 V, 3 § 4-Wire Network I 420 kn
(6). Main Substations
(a) Kathmandu Areas _ Ny , ‘
Balaju: Substation o o 66/11 kV, 2 x 11.25 MVA -
‘Patan Substation | : W2 x 6.3 MVA
Bhaktapur Substation o 33/11 KV, 2 x 1.55 MVA
Patan Substation Extension _ §6/11 kY, 36.MV in 1980/81
New - Teku Substation _ _ " ;.36 MVA ' '
- (b) Other Avea | |
Amlekbganj Substation ©66/11 kV, 1.5 MVA
Simra Substation . ", 1.5 MVA
Parwanipur’ Substation = # T, @:x 1.5 MVA
Birgenj Substation . , 2 x 1.5 MVA

: I . 1 B
Hetauda Substation (Extension)i~ 132/66 kv, 10 MVA" .-
Tn addition to the above substations, there are several switéhing =
stations on the Kathmandu ring line; Maharajganj, Chabhel, Thimi,
Teku and K2. o ' ' ' '

LL? _To.be'extendéd in 1979.
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Table 3.3 FEngergy Production and'Conéﬁmption~inithé'CNPSf'.

Engergy . Energy. " Peak _ T Toad . Loss
Year Generated - Consumed = Demand Factor . Factor

. (MWh) - (MWh) . - (kW) ® - (%)
1963/64 13,740 6,400 3,550 D442 -
64/65 15,690 - 8,040 3,800 . 448 . -

65/66° - 19,620 9,820 4,800 40.6°
Cesf6T 22,520 14,209 6,650 441 36.9
67/68 30,360 18,645 8,210 - 42.1 38.6
68/69 . 36,120 21,807 9,595  41.6 - 39.6
69/70 44,870 28,461 11,560 - 44.3 O 36.6
70/7T0 - 53,650 . 36,761 13,860 - 44.2 315"
71/72 65,950 - 46,534 17,500 43.0 29.4-
72/73 81,269 59,076 21,280 - 43.6  27.3
73/74 96,205 64,728 25,500 43.1 32.7
74/75 109,550 . 75,786 130,240 41.4 . 30.8
75/76 124,849 87,423 31,880 - 44.7  30.0
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T&ble 3. 5 Power Facilities in Western Reglon

(1) Hvdropower Plants

3Pokha1a o - 1,024 k¥
Tinaw 1,200 k¥

(2) Diesel Power Plants (Including private facilibies)

Pokhara . | 1,038 kW
: Bhalrahaw ' : ='52_8']:{‘@(
Tansen _ 1-249 kW _
Others - . ' o 611.49 KW -
CTotal 2,426 .49 kW

{(3) ‘Steam Power Plant

;Private faciiity . 750 kW
(4)'_Substations

33 kV line is dlrectly stepped down to low ten51on

voltage and there is not substation in the reglon.

{5) Transmlss10n Lines

33 kV Slmple 01rcu1t : Gandaki - Butwal

Tansen - Butwal - Bhairahawa -

Taulihava — Bhahddurgunj_
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“Table 3.6 Enéfgyacbnéuﬁpfidn'&:Péak Demand -

 (1] 'Pokhafa  

Year

" Domestic

of Western Region

Industrial

Commerical

© Street

'Lights

“Others

Unit: kWh

Total

70/71-

1172

72/13

73/74
T4/75

15/76

366,244

(2) Birtwal o

Year

432,792
594,643
854,368
638,815
1,203,686"

149,664
135,573

161,629

191,286
126,994
177,801

13,114

35,860
31,086

99,201

. 118,504

221,714

21,038
43,774
50,651

41,201

34,781

Stfeetﬁ‘
Lights

16,253
15,965
114,505

161,260
582,450

Oﬁhérsfl'

2,285,651

.Tofﬁl

550,060
664,253
 853;979
1,200,983
1,070,354

Pédk .
Demand
320
440
515
630
767
955

Peéﬁ

T1/72
72/73

73/74
T4/15
75/76

"Doméstic : Iﬁduétrial:,'Commerical
50,8904
60,733

150,177

224,899
299,846

511,803
739,287

(3) Bhairshava

“Year -

127,047
296,787
468,655

Domestic  Industrial - Commerical

6,850

11,078
19,473
37,732
59,157

Street
Lights

75,971

35,350

35,425
© 60,000
51,308

Others .

283,892
332,060
481,791
906,322

1,318,407

Total

Demand -
150.
130
1140
150
270 . -

fPéak:x-
Demand -

/72

/13
73/74
14/75
75/76

354,926

363,496

536,171

557,458

{4) - Tansen

Year

' Enefgy

795,523

Required .

99, 0660

101,432

202,971
497,243
580,932

'.GfOWth-
Rate

2/13
T3/74
4/75 158,760
‘202,468

74175

75/76

)
84,538
130,925

@)

54.9
21.3
27.5 .

Loss
Factor

12,040
12,329

18,055

24,748
31,596

 Energy
" Generated

24,849

17,400
9,675

44,219

. 68,000

~Load
‘Factor.

490,855

494,657
766,970
1,123,668

1,476,051

- Peak
.. Demand

(%)

14T

20.0
34.3
9.7

(i)
99,124

163,660

226,453
224,088

@)

10.3
13.8
17.2
16.0

o (kWY
110
138"

160,

150

310

240
442
- 480
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3. 4 Power Demand Projectlon

A progectlon of power demand in the Greater CNPS was made based

on the hisbtorical trend Assumptlons were also 1ntroduced for far

'future prOJectlons based on the experiences in various countrles.

‘The ba31s and assumptlons 1ntroduced in the progectlon ‘are summar— -

ized hereunder:

3.4.1 DeMdn& forecast of CNPS.

(a)

(b)

Domestlc Demand 7

The growth rate of domestlc demand in the past few years from

-1973/74 through 1975/76 Shows 12 7 per annum on the average

: agalnst the growth rate of 25 % for the prev1ous years from

1966/67 through 1973/74, as Seen 1n 7 blc 3.7, The decllned
growth rate seems to be caused by both the shortage of power -
supply and 1nsufflclent dlstrlbutlon fa0111tles in “the system.-. .
Such decllned growth should contlnue untll 1980/81 when the improve-

ment‘and expansion of the‘dlstrlbutlon network is expected to be -

_Start " The annual gfbwth‘raté”of demand. is'aésumed at'T.to 8 % -

tlll 1980/81 (suppressed by shortage of. dgst11but1on capa01ty),
to 1ncrease to 15 to 20 % thereafter and sottle down to a stable

'rate of 10 % after 1987/88

Industrlal Demund

As seen in Table 3 7, the annual glowth,1ate of 1ndustr1a1

_energy consumptlon in thls reglon was 38 % on the average

durlng the perlod of 1970/71 through 75/76 The growth rate
in the last few years of - 19?3/?4 through_1975/76, however,-
declined to 30 %. Il is not oxpocted that such rapid’ growth -

‘will continue a 1ong perlod of. tlme. In the foreéaét %he__

annual growth rate of. the potentlal demand,ls therefore as—.

- sumed- to be - 25 % t111 1979 and thereafber gra,dually to de=
" crease by 15 7, in con51derdt10n,of steady 1ndustr1allzatlon

©in the reglon
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'(c) 'Commérical.Demahds-
“The annual growth rate of commer01a1 energy consumptlon was‘
14 %, varying from 8,2 % to 32,1 % durlng the pcrlod of 1970/71
1through 75/76. Most of the energy consumed was by’ hotels and
other accomodatlons for tourlsts, accordlng to the 1nform~ _
ation from NEC. - The number of tourlsts v151t1ng this reglon-
“have ‘increased at an annual average rate of 19 % in a perlod
of 1967/68 through 1976/77 However, the rate woiked out
from the last several years shows 8 %, The future commer01a1
demand -increase is forecasted at an anﬁual growth rate of
10 % to 13 % 1nclud1ng the demand expected for the planned

new hotels,

{d) Street nght Demands-

Demand of street llghts is assumed at 1.5 % of the sum. of
-domestic, industrial and commercial demands after rev1ew1ng'
the past reCOrds showing the street lights: would increase in

proportlon to growth of those demands.
(e)  Other Demands
All other demands including the station demand are assumed to

be: proportional to the total demand for the categories (a) to

(d).

(f) Export to Indla

.Energy export to Indla is est1mated ‘based on the " Government
commltment which is’ referled to in Table 3.3 (a) of "Power De-—

veloprent ~-Long Term Plan" issued by the ED in October 1977

" The total potentlal energy'demand in the system is. forecasted by
summlng up the future demand requ1red by each category mentloned above, '
and the total energy to be Supplled to the -CNPS is est1mated by addlng

energy loss in the. system to ‘the energy thus’ summed up.

The peak 1oad of the system is estlmated from the total energy

'belng applled and adequate annual load factor.
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Demand forecast estlmated for the Central Nepal Power System is

summarlzed in Table 3.7.

(2)

(3)

(4)

3.4.2_'Demand Fdrecast of the Western Rogion

: n

Pokhara tOWH

The annual average grOWth rate in‘a perlod of 1970/7] through 75/76

:was 33 %. The EOIecast is made under the assumptlon,of an annual
'growth rate of 30 % $i11 1978/79 and thereafter, of a gradually

‘declining annual growth rate to a constant rate of 10 %. The.

result of_bhls forecast- is shown in Table 3.8,

Butwal town

:'Although the past several years' trend shows a rapld growth rate

such as 47 7 per annum, 1t 1s not expected bhat the demand will:
1ncrease at the same rate Thﬁ demand forecast for thls town is.
therefore estlmated at an annual gr0wth rate of 40 ? for a few

years, afber- 1976/77, and theréafter- gradually decrea51ng to'

10 % te 20 %. . The resuLt-of this forecast is -shown in Table 3.9,

=Bhairahawa area

'The demand forecast 1s made dssumlng an annual growth rate Of 30 %

for the past trend up to 1979/80 and thereafter at a gradually decllned'

rate down to a constant 10 %, “In addltlon to.these public demand

Mahéﬁdra Sugar mill is'ekpédted to bé partially commected with the

_'publlc systen from 1986/87 &fter energy supply from Kulekhanl No.2
-Power Station wlll become-avallable._ Table 3,10 shows the results
‘of "such deménd forecast.

_Tanéen aféa'

_Demand 1n Tansen area is estlmated in Table 3. 11 assumlng ‘an annu&l

growth rate and a loss factor ‘at 20 % to 30 7 and 20 % respectlvely’

:wh1ch are almost ‘the same rates as those of the past trend
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(5) ther Towns and Prlvate Fa0111tles

1A1though the past trend of growth rates in mlnor towns showed TO %
to- 107 % 1mmed1&tely afber belng electrlfled, this will not 1ast for So
1ong a perlo& Thelefore, the demand forecast for the mlnor towns--

_1s made mssumlng an’ annual ‘growth rate of energy at 10 ? 1020 %.-

_The demahd forecast “to prlvate factorles is; forecast with an annual -
'growth 1ate of A0 7 to 20 % for energy consumptlon and 10 % for pe&k
- demand. Those factorles are assumed to be 1nterconnected to the

'CNPS by 1985/86
The reéuité of deménd forecast for minor towns and'bﬁhers'afé shown

in Table'3;12.

_ -The total demand forecast in the Wéstern Reglon to be 1nterconnected .
w1th the Central Reglon is obtalned as’ an aggregate demand of the 1nd1— -
v1dua1 areas in’ the reglon, ‘since the peak demand time of those areas 1is

con31dered to c01nc1de

The demahd'foredastidf the Western Regioh is summarized in Table

3,13,

- 3. 4 3 Demand Forecast of- the Greater CNPS

The 132 kV transm1551on line is under- constructlon between Gandakl
and Hetauda v1a Bharatpur W1th target complet10n,1n 1978/79 as Stdted N
in Paragraph 3. 2

These tran%m1551on llnes will llnk the CNPS w1th the Western Reglon :

;and the isolated ‘towns in the Central Reglon as well

' The comblned powcr dcmand forecast for such an,lntegrated System ]S shown :
in. Table 3.14. and Flgule 3. 4 As seen in the table and flgure, the com- .
.merc1al operatlon of: the proposed Kulekhanl No.2 Powpr Statlon will become

necessary by 1985/86
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Table 3.8 Demand Forééast:(Pbkh&rQJ-

'-Enéfgy' - Growth ‘Loss 3Eheréy Load Peak

Year Required Rate Factor Generated  Factor Demand
~ (kWh). (%) (%) (xWn) (B (kW)
76/77 2,971,300 30 35 4,571,300 42 - 1,240
T7/78 3,862,800 30 S35 5,042,700 42 1,620
78/79 5,021,600 30 34 7,608,400 . 42 2,070
79/80 6,528,000 30 33 9,743,400 43 2,560
80/81 8,290,600 27 32 12,192,100 44 3,160
81/82 10,280,400 24 31 14,899,100 = 45 3,780
82/83 12,336,400 20 30 17,623,500 © 46 4,370
83/84 7 14,433,600 17 29 20,320,100 47 4,940
84/853- 16,454,300 14 28 22,853,300__ 47 5,550
85/86 18,428,900 12 © 27 26,245,000 48 6,000
86/87 20,271,800 - 10 26 27,394,300 48 6,520
87/88 22,298,900 10 25 29,731,900 48 7,070
88/89 24,528,800 - 10 24 32,277,700 49 7,520
89/90 26,981,700 10 23 35,041,200 © 49 8,160
90/91 29,679,900 10 23 38,545,300 50 8,800
© Table 3.9 Demand Fofecast (Butwai)
‘Energy . ‘Growth = Loss . Energy - Load . Peak
Yeéear Regquired Rate Factor =~ Generated Factor Demand
: (kWh). . (%) = (%) - {k¥h) (%) (W}
76/77 1,845,800 40 20 2,307,200 72 370
77/78 2,584,100 40 20 . 3,230,100 ° 72 510
78/79 3,566,000 38 18 4,348,800 71 700
'79/80 4,849,800 36 15 5,914,400 71 950
BO/81 6,498,700 34 15 7,645,600 70 1,250.
81/82 - 8,448,400 30 15 9,939,200 70 1,620
82/83 10,644,900 26 - 15 12,523,400 68 2,100
83/84 12,986,800 22 15 15,278,600 66 2,640
84/85 15,324,400 18 15 18,028,700 64 3,220
85/86 17,623,100 15 15 20,733,100 62 -3;820__
86/87 19,737,900 2 15 23,221,000 . 60 4,420
87/88 21,711,600 10 15 25,543,100 60 4,860
88/89 23,882,800 10 15 28,097,400 60 5,350
89/90 25;271,100' 10 15 30,907,200 = 60 . 5,880
90/91 |

28,898,200 10 15 33,998,000 = 60 6,470
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Table 3.10 Demand Forecast (Bhairahaw&)

Transferrod from

Bhairahawa Ared Total .

_ ‘Mahendranager Area PR
Enevgy. Energy - Peak Baergy - Peak. Energy . Peak .
Year Required Generated Demand SGenerated Démand Generated - Demand
(IWh) (kWh) (kW) (1Wh) (kW). (kWn) = (kW)
76/77 1,918,900 2,369,000 640 - - 2,369,000 _'_640' 
77/78 2,494,500 < 3,079,700 680 - - 3,079,700 840
78/79 3,242,900 . 4,003,600 1,060 - - 4,003,600 1,060
79/80 4,215,700 5,204,600 1,320 - - 5,204,600 1,320
80/81 * 5,354,000 - 6,610,000 1,680 - - 6,610,000 1,680
81/82 6,692,500 8,262,400 = 2,010 _ ; 8,262,400 2,010
82/83 8,031,000 9,914,800 2,410' - - 9,914;300_'.2,410,_
83/84 9,396,300 11,278,600 2,700 - _ 11,278,600 2,700
84/85 10,711,800 - 13,224,400 3,020 - - 13,224,400 3,020
85/86 11,577,200 14,811,300 ~ 3,250 730,800 200 15,542,100 3,450
'86/87.13;196,900 16,292,400 3,510 1,151,000 300 17;4035400”:.§,810‘
'87/88 14,516,600 17,921,700 3,790 1,575,200 400 19,496,900 4,190
'88/89 15,968,200 19,713,900 4,100 1,978,500 500 21,692,400 4,600
1 89/90 17,565,000 21,685,200 4,500 2,365,700 600 24,050,900 5,100
190/91 19,321,500 23,853,700 4,950 2,365,700 600 26,219,400 5,550
Note: Loss. factor fdr the town is assumed as 19 % constant
Table 3.11 Démand Forecast (Tansen)
_ iEnergy. Growth - Loss _ ' Energy Load “Peak .
~Year Required Rate Factor Generated Factor Demand
- (k¥h) (8 #) (1) 9 (i)
76/77 263,200 30 20 329,000 17 220
77/78 342,200 30 20 427,700 18 270
78/79. 441,400 29 20 551,800 19 330
79/80 569,400 29 20 711,800 20 410
80/81 728,800 28 20 911,000 21 500
81/82 912,900 28 20 1,166,200 22 610
82/83 1,184,800 27 20 1,481,000 24 700
83/84 1,492,900 26 20 1,866,100 26 820
84/85 1,866,100 25 20 2,332,600 28’ 950
85/86 2,313,900 - 24 20 2,892,400 30 1,100
86/87 2,846,100 . 23 20 3,557,700 32 1,270
87/88 3;4?2,300' | 22 20 | 4,340,300 34 1,460
88/89 . 4,201,500 21 20 5,251,800 36 1,670
89/90 5,041,700 20 20 6,302,200 38 1,890
90/91 6,050,000 20 20 7,562,500
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Table 3.12 Démand Forecast (Other Towns and
" Private Facilitbies) '

Other.wans

Private.Facilities

7,934,000

IJEnergy _ Peak Energy_ : .Péak'
Year Generated (kWh) Demand. (kW) ngergted {kWh)- Demgnd {(1¥W)
#6/77_ 919,600 150 883,000 310
71/18 ;,163;600 420 1,059,600 340
78/79 1,324,300 490 1,271,500 370
79/80 1,575,900 586 1,525,800 410
80/81 1,875,360' 670 1,800,500 450
81/82 2;231,600._ 800 2;124,600 500
8é/83 2,633,390 910 2,507,000 550
83/84 3,107,300 1,670' 2,958, 300 600
84/85 3,666,600 1,230 3,490, 800. 660
85/86 | 4,290,000 1,440 4,614,400 730
86/87 5,019;390 1,640 4,616,500 800
87/83' 5,872,500 1,920 5,309,000 880
88/89 6,812,100 2,160 - 6,105,300 970
_85/90 7,902,100 2,510 7,021,200 1,060 
90/91 9,087,400 2,590 1,170
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Table 3.14 Demend Forecast of Combined Greater CNPS

(MWh

.Peak-Demand'(kW)

Combined Demand

Year Ener ; ) _
: CNPS Western CNPS_ . Western E?;ig{f' Pea%kﬁiménd
1976/77 150,910 - 38,280 - 150,910 38,280
T7/78 181,000 - 45,920 - 181,000 45;920
78/79 200,460 10,230 51,980 2,58 219,690 54,560
79/80 234,760 13,410 57,020 3,260 248,170 60,280
80/81 . 261,440 17,040 62,180 4,100. 278,480 : 66;2é0"
81/82 :395,8?0 é1,600_ 68,930 5,046 3;7,470' 73,970
82/83 316,630 26,550 72260 é,iab 343,180 78,410
83/84 347,240 31,530 77,720 7,230 378,770 84,950
84/85 394,680 63,600 86,640 14,630 458,280 ioi,z?o
85/86 450,920 72,720 97,120 16,540 523,640 113,660
86/87 510,940 81,250 | 110,050 18,46b '592,190 128,510
87/88 575,250 90,290 123,900 20,380 665,540 144,280
88/89 640,540 100,240 137,960 22,270 740,780 160,230
-'89/90 713,920 111,220 153,770 24,600 .825,;40 178, 370
90/91 123,350 171,540 26,740 919,770 198,280

796,420

Note: Energy and peak demands of the CNPS are extracfed from

Tablé 3.8 and the same of the Western Region is from

Table 3.14
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CHAPTER IV

PROJECT AREA

4.1 General Features of the Kulekhani and Rapti River Basins

The east side and half of the north side of the Kulekhani rlver.
baSln faces to the Kathmandu valley and the Bagmati river basin, The
1emaln1ng half of the north side faces to the. Trisuri river basin,
whereas the west and the south sides face to the Rapti riﬁer basin.
See Fig. 5.1.  The Kulekhani No,l Power Station is to take water for
pover generatlon from the Kulekhan1 river at the dam31te located about

21 km southwest of Kathmandu.

Origihatiﬁg in'a ridge aboub 5 km west of Palung whlch has' a peak
elevation of some 2,500 m, the Kulekhanl flons about 10 km eastward to
Tasar, The riverbed elevation at Palung about 1,770 m and about 1,550 m
at TaSar; The river then turns its course southeastward to sduthward
and meanders to Kitini located about 7 km southeast of Tasar, where it
flows in a generqlly east—southeaSterly:direction for”abbut 9 km to the
confluence with the Bagmati rifer. The elevation at the confluence is
about l,OTO'm; The drainage area of the Kulekhani basin is measured atb

126 km® at the damsite and 220 km? at the confluence with the Bagmabi.

The Rapti river basin is adjacent to the Kulekhani river basin
shown in F1g. 5.1 The.ﬁapti river, ofiginaiiﬁg in a ridge on the
Mahabarat range about 4 km east of Bthphedl, forms an open valley down
to Bhainsedobhan. In these reaches, (called the_Uppgr Rapti hereinafter),
the river flows cast-southeastward wi bhiout remarkable meaﬁderings. The
riVérbed elevation of the river is 1,100 m at Bhimphedi and 600 m at
Bhainsedobhan (1ocated about 11 km downstream) Slopes on the both banks
rise up to 1 800 min elevatlon within a dlstance of 3 km, Two major
tr;butalles, the Mandu and the Rani, both running generally in a southery

direction, pour inbe the Upper Rapti from the northern bank.

The regulabed flow f10m the Kulekhani No l Power Statlon is deslgned g
to be released tﬁ the Mandu 1ntake at a place’ aboub 400 m upstream from the

confluence of the-Raptl and Mandu rivers,
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Joining with bhe Kani river at Bhainsedobhan, the Rapbi river
turns its course southward to Hotauda for a dlstanoe of. about 9 lm.
In thls sectlon the river cutls a deep gorge for a length of’ about 4 knm
downstream of Bhalnsedobhan, where .a damsite was proposed for the
“Kulekhani No 3 Power Sbatlon : After it JOlnS with the Karra rlver west
of the Hetauda, the Rapti” river changes course a westerly diréction.and
flows bhrough an open valley to Rajaya.. The riverbed elevation of the
Raptl river is 436 m at the confiuence with Karra river and 1s 332 m at
_ Rajaya Gage Statlon. The d1a1nage areas of the tributaries and the

main stem are as follows:

ptl at confluence w1th the Mandu 32 km2
.Mandu at conf]uenoe with the Raptl 20 km2 '
- Rani at ‘confluence w1th the Rapti : _ 6 kmzs
Kani at confluence with the Rapti 23 lu°
Rapti | _ _

at Bhainsedobhan | 115 Y

at Rajaya gaging station 1 _l579 kmz

The western slopes of the_ﬁest divide of the Upper'Rapti are drainea
by the Manhari tiver which flows into the Rapti about 11 km downstream of
‘Rajaya. The Rapti river finally flows into the Kaligandaki river near
Chilha. ' o

‘4,2 The Kulekhani No.l Hydroelecbric Project

_ The.Kulékhaoi &amsité ig - locdtéd on the Kulekhdnl river at
21 km‘southwest'of:Kathﬁandu. Annual inflow from the catchment area of
126 km2 oveféges 126 . x::106 m., The active storage Capaolty of 73 X
106 m3 Wlll be obtalned by constructlng a rockflll dam of 107 m’ in
heiéht The, regulated flow will be drawn bo’ the power ‘station through
the headrace tbumnel. of 6 223 'm ]n length and a l 198 m long pensbock :
Water amountlng to 1 x 106 m “will be collected from the Sim river w;th'o
catchment area of 7.1 km2 and channeled into the headrace. TheaKuiekhéni
"~ No, 1, Power Statlon will be an underground power stablon h0u81ng two Sots
Sof: Pelton turblnes and generaﬁorS. The 1nsta11eﬁ capd01ﬁy w111 be - 60 MW
;at the rated water head of’ 550 ‘m with the maximum. dlscharge of 13. L m /seo.

. The outflow from tho power station w111 be released ‘to the Mandu river
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near-the'confluence of the Mandu rivef and the Répti river; ¢ The watbi

sufface at the tailrace outlet is at ELf912.5.m.

4. 3 Geology Ain the Proaecb ﬂrea

‘The PrOJect aren is 31tuated in the Upper Raptl r1ver baSJn 1y1ng
in the Mahabharat mountain range. The Upper Rapti basln is geolog;cally
-compdsedfof lowér to middle Paleozoic sedimentary'rocks.with lgw—gréde
me tamorphism and Quaternary deposits, thé'details of which are described

~below,

Crysﬁalline limestone: 'White-coloured, with fine erystals, located
‘downstream from Bhainsedobhan. Thickness is approximately 800 m.
Thin layers of sericite schist and sandstone are intercalated atb

places.

Sandsfone and sl&te alternation- Sandstone is light grey to grey
coloured, generally fine gralned ma331ve, dense and hard. Slate
is dark grey coloured, moderately hard and intensively follate&
and-forms:rather “thin strata. This is exposed in the lower parts
of the right bank.slope at Bhainsedobhdn aﬁd.iﬂ the hiliy area on
‘the right bank 0.5 to 1.5 km downsbream from the Raniiriver con-
fluéncé; in the latter arca it is isolated from the surrounding

sandstone semi-schist by two faults.

“ Slate phyllite ahd biotite schist: Genérally dark coloured aﬁd-in—
%ehsively.foliated. _Biotife schist is:éften.accompaniéd with.in—
tercqiatiﬁg‘quartgite with 50 e¢m to 1 m of %thickness. These rocks
are éxﬁénsively devéldped in the.uppér parts of the-siope behind.
BhaiHSedoﬁhan, where these rocks overlie the saﬁdsﬁone'and slate

alternation conformably and traﬁsitionally.'

- Sandstone semi-schist: Grey.sandstoné'is composed predominantly of
fine . quarty grains. Dolomite bearing chért'layérs are ihtercalafed
at placos. “Also, 1ntercalated are thln layers of green phyllltes
with cleavages 1ntersect1ng the follatlon; It bears flne veins of-

: Pyrlte and mineralization accompanled with wealk chlorltlzatlons.
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Brecciated limestone depbsits:. Con51et1ng of angular iragments of -
crystulllne llmesbone of vmrlous 51ze up to a few meters ‘in dlamctor
whlch are cemented with calcareous matrlx and agglublnated w1th
‘calcium carbonates. This is found ‘at Ranlkholagaon, Pandrang dnd
Bh&lnsedobhan along the Raptl river w1th1n the helght of 300 m from
the present rlverbed These are conce1vab1y a part of the secondary
deposit, of llmestone debrls formed on the bottom of valley in Old

-Quarternary age

Terrace dePOSit; Terraoe along fhe right_bank of the Rapti river'is
generally narrow and. limited in area,‘except for the high and large
ones developlng upstream from the: Mandu rlver confluence Some'large
rlver terraces in the downsbream area.are. located only around the
Rani river coniluence and in Nlbuwater The terrace dep0s1te are
composed of.poorly sorted sand, gravels. and boulders which have bheen

rather loosely sedimented.

In the aspect of geologlcal strucbure, this area is situated in
a triangle zane sulrounded by three mador fault lines, i.e. Bhlmphedl“
Kathmandu fault runnlng NE~ SW through Bhlmphedl, Kalitar fault running
ENE-WSW through the ared ‘west from Bhalnsedobhan and the oldest and
blggest Maln_Boundary Thrust which runs WNW-ESE about 5 km south of
Bhainsedobhan bouudinglthe Tertiary Siﬁalik,zone to the south, These
majof faults are notb encountered in the, projecf.area,.but some sub~
ordlnate faults are found in the area between Rani river and Bhalnsedobhau.
Thelr predomlnant trends are ENE-WSW and WNW—ESE No fractured zone of a

large scale is. observed accompanylng those minor fanits.

Bedding of the formatidns'shows WNW~ESE of strike and northward
dlpplng in general though mlnor vallatlons due to faultlng and small

f01d1ng are seen frequently Amount of dip varies from 30 to 75 .
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CHAPTER ¥

METEOROLOGY AND HYDROLOGY

5.1 General Climatic'Conditions

The cllmate of the PrOJECt area ‘is humid qubtroplcal and charac—'
terized dlstlnctly by dry and wet seasons. The dry season lasts from
~ Novembe r tq April, and the wet season from June to Septembef,_:with May

and October being transition periods}

There ig no meteoro]oglcal observatory in the progect rlver basin
which has past records of temperature and humldlty Observatorles
' whlch have such,records in the v101n1ty are located at Kathmandu and
'Hetauda However, 1t seems that the general features in the climate in
the pProject area are not far from mean values of those at Kathmandu and

'Hetauda

The Kathmandu'observatory has meteorological records for the period
from 1966 to 1974, but Hetauda observatory has records for only the
year. 1967. ' .

According to the records, average annual mean fempefature at
Kathmandu is 18;100. The maﬁimum temperaturé usually takes place in
June ‘and sometimes rises up to about 3500, while the minimum temperature
usually occurs in December or January, sometimes falling below the freezs-
ing point. Thé'monthly mean temﬁeratures at Kathmandu are shown in the

 attached Fig.5.2.

The annual mean temperature at Hetauda is 23.4° C, the maximum of
39 ¢ cceurs ln June and the anlmum is 4.9 C occurring in December) accordﬂ

ing to the record for 1967.

The relative humidi{y varies around 40 % in April and 85 % in August
at Kathmandu, while the records at Hetauda in 1967 show 65 % i in April and
‘97 % in October

Evaporatlon was measured at Chlsapdﬂl Garhi’ for a per1od from 1963

._ to 1965 Thls-ls located 2 km north of-Bhlmphedl, at an elevatlon of 1728 m,

The average annual me&n evaporatlon was- 1815 mm du11ng the perlod _The

m1x1mum monthly evanoratlon was 392 mm in May 1963 and the minimum was .

‘59 mm in December 1963.
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 FIG5.2  AIR TEMPERATURE AT KATHMANDU

"5.2 Rainfall

‘There are four rainfall gaging stations in and around the prbjecf

area as listed below:

Table 5.1 - Rainfall Gaging Stations in and around Project Ares

Nahé of Station  Station No.zl- Bstablished . Eieﬁation

- - : Date. 5
Kathnandu I.E. =~ 1014 1 Jan. 1949 1,323 m
.Chisapani 0904 .  13 May 1956 . 1,728 m
Hetauda N.P.1. 0906 = 23 Sept.1965 303 m
Daman 0908 24 Sept.1965 - 2,364 m

- /1 Station No. refers to publication entitléd "Climatological
Records of Nepal'. : .
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The locations.df ﬁhese stdtions dré'shown in Fig'Bkl.' Kathmahdﬁ
I.E, 1193 in the Bagmatl river ba31n The Kulekhanl river is one of ; _
‘the bllbutarles of the_Bagmatl. Chlsapanl and Hetaudq N. P 1. are located
“in the Rapti rivér'basin.in which the progect aréa 1s_1ncluded, and
.Damnn iS_Situated just.on the'divide‘of bdfh basiﬁs.::Chisapani gaéing_
statipn in the brbject area 6aﬁ:be régarded to show representative

'rainféll-of the_projebt area.

The annual ralnfall and ave1age monthly ralnfall a+ each gaglng

station are tabulated in Table 5.2 and Table 5 3.

 The averago annual rainfall through the observatlon period is 1 3791
mm at Kathmandu 1.E, 2,199 mm at_Ch;sapan1,_2,34l mm at Hetauda N.F.I.
and 1,837 mm at Daman..'The annual rainfall at Chisapani.and Hetauda

N.F.I. are larger than those at Kathmandu I.E.

‘The annual.rainfall patterns as shown in Table 5.3 indicabes a
:diétinct influence'of'sﬁbtropical weather.  The-maXimum monthly raihfall
occurs in July and the minimum in Decembef,and about 80 '% of the annual

rainfall is recorded during the wet season from June to September.

. The recorded maximum daily and monthly rainfalls are given in
: Table 5.4. The Values at Ch1sapan1 and Hetauda N.F.T, are larger than
those at Kathmandu I.E. .and_Daman. '
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Table 5.2 Annual Rainfall

(Unit: mm) -

Kathmandu I.E. Chisapani

Year Heta,'u'dé,"N.F:I. _.Dit;man '
1943 9954
1944 1,286.1
1945 1,584.1
1946 1,386.2
1947 -
1948 1,794.4
11949 1,368.9
1950 1,536.1
1951 1,224.4
1952 1,280.4
1953 1,363.6
1954 1,593.7
1955 '1,130.6 -
1956 1,744.4
1957 1,000.7 &
1958 1,134;3' 1,449.9
1959 1,195.3 1,879.1°
1960 1,205.1 1,873.4
1961 1,634.7 2,546.3
1962 1,261.5 2,340.7
1963 . - 1,404.5 1,730.1
1964 1,386.8 1,373.3
1965 01,3332, 2,540.0
1966 1,224.8 2,447.0 . |
1967 11,348.6 2,095.9 2,575.2 S
1968 1,519.2 2,196.8  2,279.9 1,251.8
1969 - 1,131.2 1,560.9 - 1,427.5
1970 1,439.8 2,514.3 - 11,2592
1971 1,581.0 - 2,267.6 - 1,716,7
1972 1,509.5 - 2,510,3 1,601.8 2,084.0
1973 1,969.2 2,719.2 2,525.9 . 2,392.3
1974 1,135.5 2,889.8 2,397.4 12,3081 -
1975 1,526.7  2,676.2 2,709.3 2,159.9
1976 e '2;17j.1 2,300.6 1,929.4
“Moan - 1,379.0 2,199.2. . 2,341.4 236,

©1,836.5
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Table 5.3 Average Monthly Rainfall

ldnit:'mm)

Year Kathmahdufl.E. 'Chisapani ' Hetauda N.F.I.  Deman

Jan. T 20.4 o 26.3 2T 2706
CPeb. 19.4 21.8 19.9 271
Mar. 31.2 39,3 48.1 3644
Apr. 55.8 9.2 39.4 76.9
May 933 143.6 119.8 15725
June 233.5 . 407.9 4241 185.9
July - 366.0 601.0 T24.1 . 457.8
" Aug. L 342,20 500.6 5141 314.4
. Sept. o572 - 284.9 - 376.2 278.9
Oct. 51.8 C e 2.4 61.2
Nov. 6.3 S 8 3.5 11.9
Dec. | e 2.8 2.1 0.9
Total 1,379.1 2,199.2 2,341.4  1,836.5

Table 5.4 Maximum Daily and Maximum Monthly Reinfall

_f(unit: mm)

. L Daily o " Monthly
_Statlon_ Date © Amount : . Date . ' - Amount
Kathmandu I.E. 2 Aug. 1945 182.4 _Jﬁne 1971 _ '..697.5 :
_ Chisapani - - 7 July 1965 300.0  July 1970 1,215.0
' fletauda N.F.I. 31 dug. 1974 279.2 - July 1975 L1711l

Daman 2 Sep. 1974 - 181.7 July 1972 957.9
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5.3 Runoff
5.3.1 General -

_ Tn the Kulekhani river and the‘Rapbi"river basihs;'Stréam flows.have
been observed at two éﬁreaméflo#'gagé:station§'“ Kuiekhani s%aiiqngon.the
_Ku]ekhanl f1om 1963 and Rajaya Statlon oir the Raptl from 1963 Othér
than the above two, pa1t1al measurement records are avallable on the

_ Chakhel and the Slm, both the trlbutarles of the Kulekhanl, and some’’
places on the qutl

For study'of the Project, available_rhnoff data at the following
sites are required: . '
i.‘ Kulékhani damsite
ii. Chakhel intake site - - at Kulekhani basin
iii. - Sim intake 8ite
iv. Rapti sub-intake site
v. Mandu intake site _ © at Rapti basin
vi. Rani intake site
The runoff at sites i'to.iii above in the Kulekhani-basin was
estlmated durlng the feaslblllty study on Kulekhanl No.1 Project but
recent data were added to them in this study,and those at the remaining

31tes in the Rapti basin are estimated on the basis of the observed

records at Rajaya..

5.3.2 -Reliability'of fecords‘atVKulekhani and'Rajaza:stdtions

Rellab111ty of the records at the Kulekhanl gage . statlon was
discussed and concluded xellable in the ”Fea31b111ty Report on’ Kulekhanl

Hydroelectrlc PTOJECt”.

',Reliabiiity'of the records at Rajaya'is checked by means of a double
‘mass curve with the data at Manhari gage station on the Manhari river,
“which is a tributary to the Rapti draining the next basin to the west side

of the Upper Rap®i basin. = As a fesult, thﬁfrecords at Rajaja are found
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qulte well reliable as séen in’ the attached Tlg 34 3. Checklng by sp901flc
'runoff and runoff coefflclent based on the records at RaJaya has. also been
made, and does not indicate the records to be unreliable.’ Details of the

methodo]ogy for the above checking are shown in bhe Appendlx IT.

5}3;3 Available.rundff

Runoff into Kulekhani'reserVOir

Kulekhani Gage Station exists just downstream of the Kulekhani
Damsite, At the sité, flow obsérvatidn has.beeﬁ madée from 1963 up.to
the' date. The runoff data for ﬂﬁé ‘period from 1963 to:i972 were used for
'fea51b111ty study of Kulekhanl No. 1. Power Sﬁatlon Additional data of.

- ranoff for the years 1973 and 1974 have been collected and sunplement “the
data used for the prev1ous study. The monthly runoff at the Kulekhanl

Damsite 15 given in Table 5.5.

: A comparlson of runoff coefflclent .and speeific runoff is made
between the stages of fea81b111ty study on the Kulekhanl No 1 Power -
Station and of the present study as followsJ

. Basih Mean - Total. Specific B _ )
Stage ' rainfall = runoff runoflf 3 Tunoff Coefficieny
. {mm) (m3/sec) {min) (m”/sec/100 km™)
No.1l P.S. F/S 1,730 3.9 976 310 . 0.56

Present 1,820 4,01 1,004 3.18 0.55

The estimate of runoff at Sim and Chakhel intake sites is made )
according to the methods given in the ”Fea51b111ty Study on Kulekhanl
Hydroelectrlc Project", The runoff dt Slm intake was’ ‘determined by the follow—

ihg formula:

0s = 0.0745 g’ 128

‘and that at Chakhel intake by the following:
Qc i.Q.lS Ok
¥Yhere .Qs: Runoff at Sim intake (m /sec)

Qc: " at Chakhel 1ntake (m /Sec)
Ok: " at Kulekhan1 Gage station (m /sec



- 45 -

The monthly runoff nt Sim and Chakhel intake sites, estimabed
based on the above éorrelatién, is_tabulatéd'in the attached Table,

5.6 ﬁnd 5.7, respectiﬁely._

Runoff dt intake sites in Rapti basin

As direct measurement records at each intake site in the Rapti

basin are not available, estimates of runoff are required,

TIn general, there are seQQral methods for_eétimating'runoff, if
sufficient data are available. However, judging from the avéilability.
~of meﬂedmhydrolbgical date in the.prdject'area,_oﬂly the fqllowing
method is applicabie for estiméting runoffs at each intake site in

the Rapti river basin.

‘The Rajaya gauging station is located on the Rapti river about
14 km downstream from Hedauda. The rinoff date at this station is available
only for the period from 1963 to the date, howéver, several runoff
measurement records are available for each intake site. These partial
records are correlated to the runoff data.for the Rajaya on the corres=
ponding dates to obtain the correlation betwéén the runcff at Rajaya
and those at each_ihtake'Site. The correlation obtained shows that
the runcoff at each -intake site_caﬁ'be converted from the recofds at
Rajaya in a simple proportion of their drainage areas. The details of

the study are referred to the Appendix II.

Estlmated runoff at each intake 31te based on bhe above 001rela—

tion is given in the attached Tables 5.9 to 5.11.

Tye runoff at Rapti sub-intake site_given'in Table_5.11 was
obtained éfter'further.adjustment.to the estimated value'by'the'abové
method in conqlderatlon of the fact that accordlng to local 1nhab1tants
the dlscharge dlsappears completely in theluverbed on the 1eaches -

of the Rapti north of Bh1mphed1 durlng almost the enblre yea1 except

several wveeks dur1ng the heavy ralny season from July to September
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Table 5.5 Monthly Mean Runoff at Kulekhani

N (Unif: mjfséc)'.-

Year . Jan.  Feb. Mer, Apr.  May June  -July -Aug.  Sept. . Ocb. Nov. - Dec.” Mean

1963 117 1,06 1.3 1,15 1.64 1.3 6,60 T.64 5.75  3.53 216 1,75 - 2.89
1964 147 139 1.16 0.9 1.27 221 724 1212 1523 4,49 1.84 150 4024
1965 132 1,29 1.22 1.76 1.47 3.74. 19,54 18.36° 5.72  3.16 2.86 1.75 .5.i8
1966 1.55 1,41 1.14 0.5 1.2 1.14 10.37 20,78 10.29 = 3.3) 2,20 1.70 - 4,65
1967 1.08 0.94 0.85 1.0 0.65 4.52 11.80 6.92 5.66 3,36 2.32  1.68 3.40
1968 1.66  1.46  1.63 1.21 1.11 2,52 5.72 6.33 2.62  T.12  2.25 1.47  2.93
1969 1.8 0,89 0.87 0.2 0,95 ©0.88 3.0 6.89 4.8  1.91 1.10 . 0.83 1.93
1970 0,82 ©0.72 0.64 0,61 064 -3.42 21.29 8.98 5.26  3.30 2,18 1.47 4,11
1970 115 1.1 1.0 1.98 2,13 21.64 5.09  7.68 4,27,  3.82 2.22  1.86 - 4.50
1972 1,72 1.78  1.62 1.41  1.38  4.54 28.27  6.15 8.36 2.9 1.85 1.58 5.10
1973 1.38  1.24 1.80 0,96 1.29 10,20 7.34 7.97 9,51 . 9.51 5.14 274 4.92
1974 1.59 1.33  1.14 1.17 1.26 1.74 7.14 1561 12,23  3.50 1,96 1,50 4,18

Mean 1,34 1.22  1.19 1,15 - 1.24 . 4,81 11,13 10.45  7.42  4.13 2.34  1.65 4.0l

Location: About 400 m on the Kulekhani upstreém of the conflucnce with Sim river.
Drainage area: 126 km2
Gage: Staff gage read three times deily. Elevation of gage at 1,480 m

Extremes recorded: Maximum, 572 mjfsec on 16 July 1970
Minimum, .11 mJ/sec.on 4 June 1967
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Table 5.6 Monthly Mean Runoff at Sim Inteke Site

1967

0.22

0.23

‘1.91

1,35

(C.A. 7.1 km°)
~{Unit: ﬁjfsec)
Year Jan. Feb. Mar. Apr. May Junc. Jhly Aug.  Sept., :0ct. .=Nov. Dee. _Henn
1963 0.09 ©0.08.0.09 ' 0.09 0.13 0.09 0.63 0,74 0.54 0.31 0.18 0.14 0.26
1964 0.22 0,11 0.09 0.07 610 0.18 0.70 1.24  1.61 ' 0.41 0,15 - 0.12  0.41
1965 0.0 0,10 0.09 0.14 0.12 0.33 2.3 . 1.99 0.53  0.27 0.24 0.14 0.52
1966 ©0.12 0,11 0.09 0,05 0.09 0.09 1.04 2.28 1.03 0.29° 0,18  0.14 . 0,46
1967 0.08  0.07 0.06 -0.08 0,05 0.41 121 0.66 0.53 0.29 0.19° 0.13 0.3
1968 0.13 0.11 0.13  0.09 0.08 0.21 0.53 0.60 0.22 0.68 0.19 0.12 0.26
1969 '0.09 0.07 0.06 0.07, 0.07 0.06 0.27 0.66 ©0.37 0.6 0.08 0.06 0.17
1970 0.06 ©0.05 0.05 0.04 0.05 0.30 2.35 0.89 0.49  0.29  0.18 0:12 0.40
1971 0.09 ©0.08 0.08  0.16 0,18 2,39 0.47 0.74. 0.38 0.34 0,18 0,15 0.44
1972 0.14 0.14 0.13 0.1l 0,11 0,41 3,23 0.58 0.82 0.2L 0.15 0.13 0.5
1973 0,11  0.09 0.14 0.07. 0.10. 1.02 0.71 0.77 0.95  0.95 0.47. 0.23  0.47
1974 0.13 010 0.09 0.09 0.10 0.14 0,68 1,65 1.26 0.31 0,16 0.12 0,40
‘Mean  0.11  ©0,09 0,09 0.09 0.10 ©0.47 0.99 1.07 0.73  0.35 0.20 0.13 0.38
Table 5.7 Monthly Mean Runoff at Chakhel Intake Site
'  {C.A. 22,8 km=)
{Unit: mafséé)
Year  Jan, Feb. Mar. Apr. May - June July  Aug. Sept. QOct. Nov, Dee, Mean
1963 0.21 0.1 0.21 0.21 - 0.30 0.21 1,20 1.38 1.04  0.64  0.39 0.32  0.52
1964 0.27 0.25 0.21 0.16 0,23 0.40 131 2.19 2.76  0.81 0.33  0.27. 0.77
1965 0.24 0.23 0.22 0.32 0.27 . 0.68 3.54 3,32 1.04  0.57 0,52 0.32 0.94
1966 0.28 0.26 0.21 0.14 0.20 0.21 1.88 3.76 1.86  0.60 0.40 0.31 0.84
0.20 0.17 ©0.15 0,18 0.12 0.82 2,14 1,25 1.02 0.6l . 0.42 0.30 0.62
1968 0.30 0126 0:30 0,22 0.20  0.46  1.04 1,35 0.47  1.29 ‘0.41 ©0.27 0.5
1969 0.21 ©0.16 0,16 0.17 0.17 0.16 0.56 1.25 ©0.76 - 0.35 0.20 0.15 0.36
1970 0.15 0.13 0,12 0.11 0,12 0.62  3.85 1,61 0.95 0.60 - 0.39 0,27 0.74
1971 .0.21 0.20 0.20 0.36 0,39 3.92 0.92 1.39 0.7  0.69 0.40  0.34 0.8
1972 . 0.31  0.32  0.29 .0.26 0.25 0.2 5,12 1,11 1.51  0.45 0.33 . 0.29 0.92
1973 0.25  0.22  0.32 0.17 0.23 © 1.84 1.2 143 L.71 L1 0.93 0.49 0.89
1974 0,29 0.24  0.21 0,210 0.23 0.31 1.29 2.81 2.20 . 0.63. 0.35 0.27 0.75
Mean 0,24 0.22 0.21 0.88 2,03 0.75 0.43 0.30 0.72




Table 5.8

a8

Monthly ‘Mean Runoff at Ra.j ay&

~{Unitbs .'_iil3/sec)

H ay

Aug. ' Sept. Oct,

35.11

Year :Jan,  Feb. = Mar, “Apr. ' June  July Nov, De'c..'_ Mean
1963 7.86  6.77 .63 5,10 - 6,07 21,36 65.55 91.79 70.86 13,15 16.30 9.58 28.51
1964 7.59 6.43  5.20 4,97 5,64 /11.16 T4.35 55.53 69.10 .44.55 13.35 B.06 - 25.62
1965 7.16 6.63 6,74 4.5 3.82 17.48 B84.26 170.5 73.43 2893 20,62 10.88 36.56
1966 8.27 6.8 5.95  5.09 - 6.83 ‘11,90, 51.84 157.5 92.63  20.29 12,53 9.42 32.66
1967 7.5 | 6.28 - 6.70 6.72. 6.32 14,36 93.67 7428 .72.04 2112 10,01  6.69 27.33
1968 6.73  5.B2  5.27  4.66  4.91 33.44 89.38 138.8  62.41 44.75 18.46 12,43 35.8)
1969 10,17 7,68 6.91  6.11 7.20 '13.78 44.82 B1.47 64.61 - 28.03 14.80 10,25 24.57 .
1970 7.9 6.98  5.34 5.04 476 22.44 132.4 - 95.46 68.09 44.74 18.18 11.08 35.24
1971 7.3 4.65 2.91 6,62 22.21 90.24 67.88 89,81 59,29 34,49 17,10 11.38 34.64"
19727 B.69 T.03 6.47 4.88 5.1 16.10 66.96 63.66 61.49 29,56 15,83 10,33 24.40
1973 B.61° - 6.69  5.80 3,13 6.25 43.72 45.30 64.43 . TT.93  5T.44 24.74 15.32 30.06
1974 1192 8.90 T.24 6.5 T7.71 015,15 61.15 103,0 12005 34.23 15,69 13.30 33.92
‘Mean 8.32 6.80  5.85 . 5.28 7.24 25.93 73.13 98.85 74.37 16.47 10.73 30.79

Loca;tioh:_ At Rajays on the Rapti, about 15 km west of Hetaura

Drainage area:

579 Ktn-z_ .

Gage: Water stage recorder, elevation of gége at 332 m

Extremes: -Maximum, _lOSO_-mB-/sec on 26 Aug. 1968 -

Minimum, 1.1 mjfsec on 4 - 8 April 1971 -
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Monthly Mean Runoff at Mandu Inték_e Site

0.18

0.11

Table 5.9
. : 5
: (C.A. 20.0 km')
.'-i:. 3
(Unit: m /sec)
Year Jan.. Feb. Mar, Apr‘_ May  dJune 'Jnly Aug. Sept. - Oct, "Nov. Dec, Mean
1963 0,27 0.2 019 0.8  0.21 094 2.26 3.7 245 1.4 0.5 0.33 0.98
1964 - 0.26 0.22  0.18 ~ 0.17 0.19 0.39 2,57 1.92 2,39  1.54  0.46 0.28 0.88
1965 . 0.25 0.23. 0,23 0.15 0,13 0.60 2.91 5.89 2.54 1.00 0.71 0.38 1.26
1966 . 0.29  0.24 0.21 0.18° 0.24 0.41 179 5.44 3.20  0.70 0,43 © 0.33 1.13
1967 0,26 0:22  0.23 0.23 0.22 0.50  3.24 2.57 2.49  0.73 - 0.35 . 0.23 0.94
1968 0.23  0.20  0.18 0.16 0,17 L15 3.09 -4.79 2,16 1.55 0.64 0.43 1.24
1969 0.35 0.27 0.24 0.21° 0,25 0.48 1.55 °2.81 2.23  0.97 0.51 0.35 0.86
1970 0,28 0.24 0,18  0.17 0.16 0.78  4.57 3.30 2,35  1.55  0.63  0.38 1.23
1971 0,25 0,16 0.10 0.23  0.77 3.12 2,34 3.10 2,05 1.9 0.5 0.39 1.20
1972 0.30  0.27 0.22 - 0.17 0.18 0.56° 2,31 2.20° 2.12  1.02  0.55 0.36 0.86
1973 0.30  0.23 0,20 0.11 - 0.22 1.51 1.5 2.23 2.69° 1.98 _ 0.85 0.53 1.04
L1974 0,41 031 0,25 0.23 . 0.27 0.52 2,11 . 3.56 4.20  1.18  0.54 0.46 1.17
Mean  0.26 0 0.24  0.20 0.18 0.25 0.90 2.53 3.42 2.57 1.2l 0.57 0.37 1,07
Table 5.10 Monthly Mean Rundff at Rani Inbake Site
: 2
{(C.A. 3.93 km')
{Unit: m /sec)
Year Jan. Feb. Mar, . Apr. May June July Aug. Sept. Oct. Nav. Dec. Mean
1963 0.05  0.05. 0.04 0,03 0.04 0.14 0.44 0.62 0.48 0.22 0.1l 0.06 0.19
1964  0.05 0.04 0.04 0.03 0.04 0.08 0.50 0.38 0.47 0.30  0.09 0.05 0.17
1965  0.05  0.04 0.05 0.03 "0.03 0.12 0,57 1.16 0.50 0.20 0,14 0.07 0.25
1966  0.06 "0.05 0.04 0.03 -0.05 0.08 0.35  1.07 0.63 0.l4. 0.08 0.06- 0,22
1967 0.05 '0.04 0.05 0.05 0.04 0.10 0.64° 0,50 0.49  0.14  0.07  0.05 0.19
1968 ©0.05 0,04 0.04 0.03- 0.03 0.23 0.61 0.94 ©0.42 0,30 ' 0.13 0.08 0.24
1969 . 0.07 0.05 0,05 0.04 0.05 0.09 0.30 0.55 0.44 0.19 0.10 0.07 0.17
1970 0.05 ~0,05 0.04 0.03 0,03 0.15 0.90 '0.65 0.46  0.30 0,12 . 0.08 0,24
1971 '0.05 0.03 © 0.02. 0.04 0.15 0.61 0,46 0.61 0.40 0.23 0.12 0.08 0.24
1972 . 0.06 0.05 0.04 0.03 0,03 0.11 0.45 (.43 0.42 0.20 0,11 0.07, 0.17
1973 0,06 0,05 0.04 0.02 0.04 0.30 “0.31 0.44 0.53 0.39 ©0.17 0.10 0.20°
1974 008 0,06 0.05 0.04 ©0.05°0.10 0.4l ©0.70 ©0.80  0.23  0.11 0.09 0.2}
Mean 0.06 0,05 0.04 0.04 0,05 0.50  0.67 0,50  0.24 0.07

0.21
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Table 5.11 Monthly Mean Runoff at Rapti Sub-intake Site {Adjusted)

ol (Units m3/sec)

Year Jan,. Feb. Mar. Apr. . May  June July  Aug. . Sept. ©0c¢t. Nov. Dee. Moan.

0.06  0.57 0.98 0.5 = 0.08

1963 0 0 0 0 0 o 0. 09
1964 0 -0 0 0. 0 0 0.1 030 0.54 0.2 06 0 0.14
1965 0 0 0 0 0 - 0.0)  0.89  2.55 0.61 0 o o 0.34
1966 0. 0 0 0 0 0.04 032 231 1.05 6 o o 0.
1967 0 0 o o 0 0 1.12..0.63 0.59 0 0 0 0.20
1968~ © 0 o o 0 0.5 093 1.92 0.3 0.2 0 0  0.30
1965 0 0 0 0 0 0 0.20  0.81 0.43. 0 0 o 0.2
1970 - -0 0 0 0 0 0.09 1.90 1.05 .0.50 0.17 0 o o.M
1971 0 0 0 0 0.05 0.98 0.5 0.94 0.33 0.05 0 0o 0,24
1972 © o 0 0. 0 0.1 0.78 0.2 0.38 -0.01 O 0 0.14
1973 . 0 0 o o 031 0.3 0.4 070 033 0 0  0.16
1974 0 o - o 0 0 0.02 0.43 1.2 15T 0.06 0 0o .0.28
Mean O 0 0 0 0 0.5 071 1.3 0.6 0.09 ' 0 0o 0.23
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5.3.4  Floods

As tﬁe direct'mcasuremént records of'floods are'ﬁot 1vailah1e in: the
upper Raptl bqsln, the flood data at each intake 31te and powerhouse site

had to be estimated by some means.

The most reliable. method of estimating probable flood at each
'stlateglc site in this case is to dellve from the plobable Tloods. at
Ragaya by means of an equdtlon as ") = C.AB" vhere Q is peak dlscharge_

- of flood, A is the cabchmont area at the site and C and n are coeff1c1ents.
Other methods than the above would not be applicable because of lack of
reliable daba. Regarding "n" in the abové eqﬁation, 0.5" is taken.

Based on the records of anﬁual maXiﬁum flood peak at Rijaya,'aé
shown in the attached Table 5.13, a probab:llty of recurrence is computed
in Gumbel's and Twai's methpds. Since Gumbel s shows always ]arger values

than Iwai's, the Gumbel's method is applied in determination of probable

floods.

The basin coeffieient nGn is.determined for each probeble flood with
fespecti#e recurrence peried.' In deferminingithe "G" values, thencatchment
“area of 579 km2 at Rejaya'and the value of flood peak of each probable
flood a$ Rejaya are-applied to fhe ebeve”equation. The probable floods at
each site are estimated on the hasis of "C" thus obtained end the drainage

area at each site. The results are shoﬁn in attached Tables 5.14 and 5.15,

5.3.5 Sediment

There are no records of sediment on the Upper Rapti-riﬁer, however,
the measurement 1ecords of suspended silt on the Lothar river give a
guide for estlmatlng sedlment yield in the Upper Raptl basin. The Lothar
river drains southern slopes of the Mahabharat mountain range and'pours'
into the Rapti from the righﬁ'benk about 22 km downstrean of Rajaya gége
statieh. It seems thet.the_Upper Raﬁti basin ie similar to the Lothar
besin in the topograﬁhy and méteorologic conditions. The drainage area
at the Lothar gage'station is measured at 169 km®.. Table 5,15 indicatbes
the records of suspended load at the Lothar gage station. .
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When it is assumed that all the Sediment.is:prbduced in the wet
season from June to October, average concentraﬁion of éuspendéd load in_wét 
seasbn is obtained as a simple mean of the records in the months from June
to October as shown in Tablé 5,15, The average annual total su5pehded_
load is obtained by applying the above average concentration to the ave-
_f&ge total runoff in the wet'éééson from June to chober{ The bed load is
assumed to be 15 % of suspended load, The annual sediment yieid“includihg
suSpend and bed load thus estimated is about. 420,000 t/year or 2,480 t/kmz/
year, When unit welght of silt is at 1,3 t/m3, the annual 3pe01flc Sedlment_

yleld is computed at 1 ,900 m3/yea1/km .

On the other hand, some examples of estimate of sediment yicld in
other river basins in Nepal are shown in Table 5.16. Those estimates
‘are based on the actual measurement records, and on bthe basin conditions

of those rivers which are similar to that of. the project river basin.

Referring to the values of sediment yields of Lothar Basin and also
_those other river basins, the anmual sediment yield of the Upper Raptl basin

is estimated at 2,000 m3 /km?/year.
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“Pable 5.12  Annugl Maximum Flood Runeff at

Rajava -

Year

Maximum flood

Occurrence

runoff (m3/sec) date Order
1963 691 - 16 Sept. 6
1964 368 2'Sépt?_ 8
1965 971 7 Fuly 3
1966 - 964 24 Aug. 4
1967 798 ' 10_Juiy :.5
“19e8 1,050 26 Aug. 1
1969 310 19 Aug. 12
1970' 604 17 July 7
1971 318 13 June 11
1972 357 27 July 9
1973 356 26 Sept. 10
1974 1,000 31 guly . 2
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Table 5.13 Probable Flood Runoff and Coefficient "C" at Rajaya

.Recurrence . Gumbe1¢s_methda S IWai?s method

interval. Flood runoff Coefficient - Flood runoff Coefficient
{Years) (m3/sec) ' e B ~ (m3/sec) T .
5 940 39.1 . 880 3646
10 1,160  48.2 1,080 - 449
20 1,370 56.9 1,280 ©53.2
50 1,640 68.2 1,550 4.4
wo 1,840 . 76.9 1,760° 731
200 2,050 85.2 1,970 | . 81.9
1,000 2,520 104.7 2,500 103.9

Table 5.14 Probable Flood Runoff at Fach Intake Site

(Unit: @’/see)

Recurrence ‘Mandu Rapti sub- Rapti = - Rani

interval intake site intake site intake site intake site
(Years) (20 km?2) {11.6 km?) . {52.6 km?) (3.93 km?)
| 5 175 B 133 ' 284 77
. 216 164 350 9%
20 254 194 413 113
50 305 232 495 . 135
100 344 262 | 558 12
200 381 290 618 169
1,000 468 35T 159 208
‘-Remarks:

Figures in brénkets { ) show the-catchment afeg.
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Table 5,15 Sediment Concentration at Lobhar on the.Lothar River

R _ © . Max. ' Min. ' Mean? . MéaSuremeﬁt.
M . . AN ure :
-?“th _(p.P.M.) (P.P.M.) (P.P.M.) - - Days

:Juiy.19?5 ) 5,670 _4,680  SRR -1 2
Aug;'1975_ 2,030 63 | '1;276. 4
Sept.1975 1,880 530 | 1,220 4
Oct.;1975 1,290 . e 981 | 2
Sep£;1976 o 800 I (O 190 14

~Oct, 1976 ©ose0 6 80 30
Nev. 1976 92 12 w12
Dec;-19%6:. | 70 - 6 _ éj.-'. 7. 26
Jgn,51977' - 490 17 .60 31
‘Peb. 1977 o 100 39 10 - 12
Mar. 1977 392 s 116 16,
Apr. 1977 | | 421“ "_ 29 Co1a2r 7

May - 1977 - 7,850 @ 39 2,720 7

" Table 5.16 'Specific.Average Annual Sediment Yield (Suspended Load only)

Name of River Gaging Site _ ' o Sédiment Yiel&. o

| (n”/kn’ fyear)
's;pﬁ Kosi N  Sﬁﬁakaﬁbi ; | 2,000 :. |
karﬁali  -. . | _  . -;thgéﬁ;hi" - . .i;ébé.
kamié. . N ..1' Chisapani i. : |  . 11360 L

Bagmati | . . Chobhar T 1,000

Mean .1,600
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