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PREFACE

.ln response to the_: request of the Government of the Kingdom of Nepal,
the Japanese Government has decided to conduct a survey on Arun 3 Hydroelectric
Powef Development Project and entrusted the survey to the Japan International .
Cooperatioh Agency (J.I.C.A)). J.ILC.A. sent to Nepal a survey team headed by
Mr. Shin-ichi Nojiri, Electric Power Development Co., Ltd., from February 1986 to
- March, 1987. | |

The team had discussions on the project with the officials concerned of the
Government of Nepal and conducted a field survey in Arun River area. After the
team returned to J apan, furiher studies wefe made and the present report has been
prepared.

I hope that this report will serve for the development of the Project and
contribute to the promotién of friendly relations between our two countries.

1 wish to express my deep appreciation to.the officials concerned of the

Government of Nepal for their close cooperation extended to the team.

June, 1987

Sk A tr

Keisuke Arita
President

Japan International Cooperation Agency
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Arun 3 Dam Site
— Aerial view from Downstream —

" Arun 3 Dam Site
— View from Downstream —
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SUMMARY .

This report concerns the Feasibility Study on the Arua 3 nydroélectric

power development project and_ presents  the reéults of the studies under-

takeén by the Japan International Cooperation Agency (JICA) over the period

from February 1986 to April 1987. The general aspects of investigations

and studies inlresnective'fields'in the report are summarized below.

- tures,; ground survey covering_an area:0£n593}0QQ m’

Field Inﬁestigation

The extensive ptngranmé_nf'field investigation was made in order to

'identifﬁ.thé genlogiéal éonditionVOf'thé'pfoject area,:hydfolngy'of the

river at the dam site and to prepare the topographicél map of the pro-

. ject area._ The  investigation prdgramme including a total of 558 m of

core drilliing and 3.99 km of seismie prospecting at the related struc-

2 was conducted and

1:500 scale maps of dam and powerhouse areas ‘were produced. 1.5,000

' scale map of. the project area including headrace tunnel and reserv01r
.areas and 1t 10 000 scale map of .access road linking the project area

-with the nearest road terminal Hile were,also.prepared on the basis of

_.jthe existing aerophotographs of 1:20,000 scale. Rock mechanical test

was carried out to acertaln the mechanical properties of foundation

...rock. A geological map in the scale of 1:500 for dam and powerhouse

‘areas. and 1:5,000 map for hgadrace_tunnel area were also prepared,

Geotony

The geological fd:mation’offthe entire project area consists of gneiss
'and‘miééééhist_withtgneiSs predominating. The pfoposed dam is located
- on- the comPEtent”foﬁndatibﬂ rock - composed of augen: gneiss. Thickness

‘of river deposit’ at the dan site: is confirmed to be about 13 -m. The

rock foundation at: the desanding basin is composed of augen gneiss with

a low velocity zone across the central portion. of the basin. The

'headrace tunnels pass through metamorphic rocks {augen gneisa and mica

schist) with intrusion of granite.

:At the Pikhuwa 31te, augen gneiss is widely distributed in the area

'including the surge tank and penstock route sires. Intrusion of deeply



weathered graunite formation occurs around the surge tanks of  the Kaguwa
site, Augen gneiss of good quality ls distributed at both the Pikhuwa

and Kaguwa powerhouse sites,

Hydrology

The Arun river has a catchment area of 29 310 km2 at the dam site about.
90% of which lies in the Tibetan region. Numerous glaciers and snow
packed mountains serves as the source of feeding of this river, giving
the river a high firm discharge throughout the year. = The flood is’
usually generated by the monsoon rain wﬁich occu;é ffom_}ate June to

late September, which_does ndt coincide‘with thé sndw_melting period.

‘The high base flow and comparatively low flood discharge create a

favorable condition for designing the stricture and yieiding'the‘béné—
fit. The long term annual average discharge 1s calculated as 321°'m3/s.
While the diversion discharge caleulated on the basis of dry flood
flows is estimated at 490 m3/s. Owing to the fact that limited infor-
mation is available for the greater part of the Tibetan catchmént-basin
and also proper hazard potential of'glaciér lake outburst £lood (GLOF)
be presumed, it is cbnsidgred'propér to take the value of the probable
maximum floodr(PMF) instead of usual flood of 1,000 year return period
for the design of structures such as spillway. The PMF.discharge esti-~
mated at 7,700 n3/s 1s considered encugh for taking care of the uncer-—

tainties in the upper reach of the river.

In connection with GLOF, past recordé, mechanism, glacier lake‘distrif
bution in the Arun river basin, ete. were Investigated. Consi&ériﬁg
that the GLOF assumed at the Barun Khola would have the-largest 1m§act'
on the downstream structures comparedcwiﬁh others in the  Arun river
basin, simulation analysis of prescribed GLOE was examined and the
maximum flood discharge was estimated at approximatelyf7,200 m3ﬂs.at

the dam site.

Load Forecast

In the case that the Arun 3 project be-imﬁleménted in saccession to the

" Marsyangdi project which is being uhder construction, its optimim scale



and development program shall apgree with the trend of load demand in
Nepal after 1994, The latest load.demand forecast prepared by NEA and
released in July 1986 is adopted as the basic condition for the study.
The sald load demand forecast for future twenty yéars is made by

disaggregate method for the first five years forecast and trend method

for _the succeeding medium to long term forecast taking into con-

sideration the industrial, agricultural and commercial development plan
of Wepal, expansion blan of transmission and substation facilities,
receﬁt econdhic movement,  etc. The above forecast is also cross—

examined macrographicallj-based on the growth rates of GDP and energy

congumption per captia, the population growth rate, etc. and found to

. be adequate.

-Comparative Studies on Alternative Layout

-Different alternative schemes of the projeet are studied. In par-

ticular, two dam locations: upsiream and downstream of the junction of
the-Khoktak Khola ‘and Num Xhola with the Arum river, two power systems:
one with.dﬁe intake, one headrace tunnélg one surge tank and another
witﬂ two intakes, two headrace tunnels and two surge tanks, desadding
basin of qﬁﬁﬁbbr and ﬁhdergfound“typeg; and pOWerhouse of bﬁtdoqr.as
well_és dﬁdérgréund typés at_tdo:1ocat1ons of ?ikhuwa'éﬁd Xaguwa.ére
aﬁaiyzed. The final scheme that came out of the study on the alter-—
native schemes includes a dam of 65 m in height, two sets of intakes,
desanding'basins;'headrace tunnels, surge tanks, penstocks and tailrace
tuﬁﬁéis,rand a ﬁaﬁefhouse of undefgroﬁnd type at the Pikhuwa site which

are to be developed in two stages.

Optimization Study .

Upon prepatatibn'Of'the cost estimates based on the preliminary designs

_in which all topographlcal and geological information obtained by the

field investigafions are fully incorporated aund also the development

'program meeting the domestic load growth,  the optimum,gcheme is exa—

mined with pafémeteps:such as the maximum power discharge, intake water

-level corresponding to the dam height and tailwater level corresponding.

to the powerhouse site. The results'iﬁducéd-therefrom for two cases;

single .stage development to cope with domestiq power demand only and



two stage deveIOpment In conglderation of power export also, are as
tabulated below.

Ist Stage Ist & 2nd Staged

(Without Export) (Wiph Export)
Intake water level (m) 2 840 840
Max, power discharge (m3/s) 80 160
Max. output (MH) TS | 402

Eventually, the optimum scheme of this project is the Plkhuwa power
plant (1) with intake water level at EL, 840 m, the maximum power
discharge of 160 m3/sec and the maximum output of 402 MW, (2) to be

developed in two stages.

Annual generating energy for the optimum scheme are summarized below.'

Installed Generating Energy (GWh)
Scheme Capacity ' ' '
{(MW) Firm Secondary Total
Ist stage 1 201 1,721.6 0 |1,721.6
lst & 2nd stages 402 1,863.2| 1,097.1 2,960,.3

The schedule&, times of starting comnercial opefation of respective

units are as shown below.

1st stage dévelopment scheme

Unit No., 1 (67 MW) Jun, 1994
Unit No., 2 (67 MW) Sep. 1994

Unit No. 3 (67 MW) Sep. 1998

2nd stage development scheme

Unit No, 4 (67 MW) Dec. 1998
Unit No. 5 (67 MW) . Mar, 1999
Unit No. 6 (67 MH) ' Jun, 1999



7. Feasibility Design

The feasibility designs are undertaken based on every topographical.and
geological information obtained by the field investigatioﬁs és well as
the latest technlieal standard. Basic prbject features apﬁlied to the
designs are intake water level at EL. 8B40 m, max. power discharge of
160 m3/s and max. output of 402 WW as well as two headrace tﬂnnels and
6 units of electrical equipment for facilitating two stage development,
Both types of powerhouée'éonstrﬁction; outdoor and undefgrouhd types at
both the_Pikhuwa and Kaguwa sites,.are studied and the undergfound type
powerhouse at the Plkhuwa site ié adopted from technicai and economical
peint of viéw. As the fypé of the water turbine affécté greétly on the
design of powerhouse structure, the economic comparison between Francis
and Pelton turbines {s examined and the Francis turbine is finally

adopted.
The main features of the Project are as shown below,

General Project Features

(1) Reservoir

Catchment area o ) 29,310 km?
Annual inflow | 10,123 %106 53
High water level ' EL, 842,00
Low water level EL, 838.00
Flood water level EL. 844,00
Avallable drawdown =~ 4,00 m

Effective storage capacity 2,0 x 106 @3
Dead storégé'Caﬁacity : 4.5 x 106 p3

(2) Diversion Tunnel

.Length 354,50 m

'Diaméter. 7.00 m (horseshoe)
No. of unit _ 1

Maximum discharge =~ 490 m3/s



(3) Dbam (lst & 2nd Stages)

Type Conctete gravity
Height 65 m
Volume ' 160,700 m3

{4) Spillway

Gate type Radial Gate

Ne. of gates 5

Size of gate N Width 12.0 m x Height 14.5m
Dischatge.capacity 7,700 m3/s '

(%) ‘Intake (lst & Znd Stages)

Type Vertical tower
No. of units 2

(6) Desanding Basin (lst and 2nd Stages)

Type | Undergfound (continuous flushing type)
_ No. of chambers 2 : ' B -

Width 20,00 m

Height 7 32,00 m'

Length 110,00 m

(7) Headrace Tunnel

Type Pregsure tummel

Length 11.354 km each =

Excavated Diameter _ 7.00 m (ci:cular for_TBM)
" " (horseshoe for CMB)

No. of units 1 (lst stage)

1 {2nd stage)

(8) Surge Taok

Type S Orifice
Shaft diaméter , 14,00 m
Height 70.00 n
No. of units . -1 (lst stage)

1 {2nd stage)



(9

(10)

Penstock

Type.
Length
Diameter

No. of unit

Embedded steel pipe
376.74 m

5.80m - 2,30 m

1 (lst stage)

1 (2nd stage)

Powerhouse {1st and 2nd Stages)

Type

Width (Cavern size)
Length ( © )
Height (__'" )

No. of units

- Turbine

S an

Generator

Main transformer

Tailraée Tunnel

Type:
Diameter

Length

JNq.'of units

(12)

Power Generation

Max. powe:_discharge

“Gross head .-

Effective head: .

‘Max, output

Underground

16,00 m

120,00 m

41.50 n

3 (lst.stage)

3 (2nd - stage)

Francis {69 MW)

Vertieal shaft, synchronized
(79 MvA)

Indoor, oil immersed, water cooled
(79 Mva, 13.8/220 vV} - -

Pressure tunnel

3.50 m (eircular) - 5,80 m.<horseshoe)
272.00 o

1 (ist stage)

1 (2nd stage)

80 m3/s (ist stage)

160 m3/s (lst & 2nd stages)
- 302 m
288 m

201 MW (1st stage)

402.M4 (lst & 2nd stages)



Annual energy firm secondary
lst stage 1,721.6 GWh 0.0 GWh
lst & 2nd stages 1,863,2 GWh 1,097.1 Guh

(13) Access Road

Length 115 km (Hile - Leguwa Ghat -
Tumlingtar - P/H - D/S)

8. Transmission Line and Substation

The optimum scheme of transmission and substation facilities to be
developed in stages corresponding to construction sequence of the Arun
3 power station, has been made up and outline of the'faéilities are

summarized below.

The transmission line voltage has been selected as 220 kV, however, the
operational voltage is to be provisionally 132 kV before No. 3 unit
will have been put in service in September, 1998.

{1) Transmission Line

Arun 3 Switchyard - Dubl Substation 220 kv, 2 cct,_lzo'km
Dubi Substation - Dhalkebar Switchyard 220 kV, 2 cct, 146 km
Dhalkebar Switchyard - New Kathmandu Substation 220 kV, 2 cet, 120 km

(2) Substation/Switchyard

Dubl Substation (Expansibn) 70 MVA x 3 (Transformer)
Dhalkebar Switchyard (Expansion) 25 MVA x 2 (Shunt Reactor)
New Kathmandu Substation (New Construction) 100 MVA x 3 (Transformer)

9, Total Construction Cost

The total construction cost estimated for the Arun 3 project is as
shown below. The unit prices of materials and equipment are made up

for the price level at .June 1986.



10,

Foreign currency  Local currency Total

portion (US§) portion (US$) {(Uss)
Ist stage scheme 328,561,000 55,830,000 384,391,000
(201 MW)
Ist & 2nd stage schemes 445,872,000 72,607,000 518,479,000

(402 MW)

Construction Schedule

The Arun 3 project is to be constructed in two stages; the lst stage
development scheme and the 2nd stage development scheme. The Ist stage
scheme is to develop the maximum outbut of 201 MW to cope with the
domestic power déman&; while the 2nd stage 1s to develop succeedingly
another 201 MW taking also power export 1into consideration. The
construction schedule of the lst stage development scheme is set up
aiming the start of commercial operation of unit No. 1 at June 1994 and
the construction of the 2nd stage development scheme is to be started 4
years after commencement of comstruction of the lst stage development
scheme, The_criticai path of the project runs aiong the construction
works of access road and héadrace-tunnel. The construction periods of

the major works are as shown below.
(1) Supporting Facilities
_Access'roéd o Nov, 1987 - Oct. 1989 (lst phase)
Nov. 1989 - Oct. 1991 (2nd phase)

Preparatory works Nov. 1989 - Oct. 1990

{2) Reservoir Storage Facilities.
Diversion tunnel Nov, 1989 - Qct, 1990

Dam & spillway. ~ -~ Nov, 1990 - ¥eb. 1994

“(3) Waterway

Desanding basin Jan. 199] - May 1994
' Headvace tumnel = - Nov. 1989 ~ May 1994 (No. 1)
Jan, 1994 - Sep.1998 (No. 2)



(4)

(5)

Powerhouse

Civil works Jan,

Electromechanical equipment

lst stage

Nov,
Feb.

Feb.

2nd stage

May
Aug.

Nov.

Transmission Line

lst stage

1990

1990
1991

1997

1997
1997

1997

May 1994

Jun,
Sep.

Sep.

1994 (No.

1994 (No.

1998 (Wo.

1998 (No.

1999 (No.

. 1999 (No.

2

3)

4)

5)

6)

Schedule -1 (Jun. 1994) 132 kv provisional_bperation

. Arun 3 P/S - Dubi S/S (220 XV,
2 cct towers with 2 cct stringing)

. Dubl S/ - Dhalkebar $/Y (220 kv,
2 cct towers with 1 cét stringing)

. Dhalkebar S/Y - New Kathmandu $/$ (220 kV,
120 km, 2 cct towers with 1 cet stringing)

Schedule 2 {Sep. 1998) 220 kV operation of above schedule 1

Znd stage

. Dubi S/S - Dhalkebar S/Y (220 kV,

1 cet stringing)

. Dhalkebar 8/Y - New Kathmandu S/S (220 kV

120 km, 1 cct stringing)

. Dubi $/8 - Importing country :
(220 kV, 2 cet towers with 2 cet stringing)

$—10

‘Schedule 3 (Dec. 1998) 220 kV operation, power export is. considered.



(6) Substations and Switchyard

~1st stage.
Schedule 1 (Jun., 1994) 132 kv provisional operation
. Dubi $8/8 (expansion of 220 kV equipment)
. Dhalkebat S/Y féxpansionldf_ZZO ﬁv equipment )

. New Kathmandu S$/8 (New installation of
132 kv, 220 kV equipment)

Schedule 2 (Sep. 1998) 220 kV operation
. Dubi §/8 (expansion of 220 kV equipment)

. New Kathmandu 8/S (expansion of 220 kV
equipment) .

2nd stage

Schedule 3 (Dec. 1998) 220 kV operation, power export is considered.
. Dubi S/SZ(expansion of 220 kV equipment)
. Dhalkéﬁar 8/Y (expansion of 220 kV equipment)

. New Kathmandu $/5 (expansion of 220 kV
equipment) ' )

11, Access Road

Two proposed Toutes are studied; “Alternative A running. through the
populated centers such as Chainpur, Khandbari, * and Alfernative B
running along the Arun river with the shortest lemgth to the dam site
from the end of the nearest wotable rvoad, i.e., Hile. Geological con-
ditions along Alternative B is better in genefal, however, it has
ﬂisaanntage that the bfidge spans crossing the tributafieé'are com-
paratively léng, 1In consideration of the requifemenf to complete the
access road as early”as possiﬁie, Alternative B having'shoftér length
is selected also tAking into account that Alternative B-will serve for
fhe'rﬁral development byiéonq;fuction of feeder roads to the populated

centers,

51t



12,

13.

Envirocumental Impact

The construction of the large sized project and long access road as

involved in the Arun 3 project exerts, 1in . general, a great Influence

on health and welfare .of the inhablitants in the related area.

Acdording to the results of environmental assessment, however, it is
judged'that no harmful effects on the Inhabitants as well as ecology
in the-prbject area will 'be produced. However, a limited amount of

compensation and resettlément of the Inhabitants will be necessary.

Project Evaluation

Resulits of the project evaluation for two stage development gcheme are

sunmarised below.

(i) Energy Cost

Receiving Fnd Generation End
' 1st & 2nd. lst & 2nd
lst stage stages lst stage stapges

(201 Mw) (402 Mﬁ) (201 MW) (402 M)

Construction Cost 384 .4 518.5 280.9 392.0
(10° uss) B

Generated Energy 1,635,5 2,816.2 1,721.6  2,960,3
(GWh) _ R

Energy Cost : 3.1 2.4 : 2.1. 1.7

(US Cent/kWh)

(2) EIRR and B/C

EIRR 'B/C
1st stage scheme 15.5% 1.5
{201 MiW)
l1st and 2nd stage schemes . 19.5% 2.1
(402 MW) :
(3) FIRR . N
FIRR
lst stage scheme 10,.8%
(201 M)
ist and 2Znd stage schemes 14,9%

(402 MW)
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CONCLUSTON AND RECOMMENDATTONS

Conclusion

1. The total installed capacity of generating facilities of Nepal is 182

MW as of March, 1987, According to the load demand forecast released

"in July, 1986, the growth rate of future load demand'isrestimated_at an

average of 1l.4 percent upto F.Y. 1993/94 and then 6.3 percent upto

-F.Y, 2005/ 06, 1In despite of rather low estimate mentioned above, it
is .still anticipated that the power supply capacity will come short in

1993/94, even the additiconal capacity of 113 MW to be generated by the
projects under construction including the_Harsyangdi.ﬁower station (69
MW) being expected  to be:put in service in 1989 is taken into account,

Since Nepal 1s endowed with abundant hydropower resources viable of

‘economical construction, it is neceésary to select the next hydropower

development project urgently and proceed to construction of the same in

order to avoid a situation of shortage in power supply capacity.

Since the Arun 3 hydroelectric power de#elbpment project is capable of
producing pbﬁer of big capacity at low cost owing to abundant river

discharge as well as high head available at the site, it can cope with

" the inereasing domestic¢ power demand over long period and also contri-

buté -to . the national economy by possible power export of large scale.

. Further, it.wiil,serve with its stable power supply capability for pro-

motion of light industries and for breakaway from dependance on wood as

‘the domestic energy gource, thus having coansiderable affects on the

.. important national energy policies,

'While,“it'ﬁé'indiépehSable to construct the access toad over 115 km for

implementation of‘thejArun'3 hydroelectric power development project

~'4nd ‘once this road is open for traffic service, it will produce {mmea~

gurable benefit for the local eébnomy and welfare, Also it will pro-

7§1dé'a§parent1y the favorable conditions for the future development of

ihefpféjects existing in the upper Arun basin in series.

VAcéqréihg ththg 16ad deménd idrécaét ﬁf.Népal,.addiiioﬂal capacities
shbuld'be-installedvby'June 1994, - The ﬁay to fhily and eéonomiéally

c-1



utilize the hydropower potential endowed to this project.is to carry
out the large scale development considering power export, As the
necessary arrangements related to power export are, however, not made
yet at this time on both sides of the exporting and importing count-
ries, the most vealistic plan is to develop this project in two stages;
the lst stage develdpment scheme to cope with the domestic load demand
and the 2nd étage deﬁelopméht schemé being the extension scheme con-

sidering powef export.

The Arun 3 project mainiy-includes a concrete dam of 65 m in height,
two headrace tunnels of 11,4 km  in each. length, underground type
powefhouse, transmission lines of 386 km in total lemgth, etc. and its
development scale 1s 201 MW (3 units, 67 MW each) as the lst stage
development scheme and additional 201 MW (3 units,. 67 MW each) as the
2nd, totalling 402 MW, The total energy production 1is estimated at
1,721.6 GWh and 2,960.3 GWh after completion of the lst and 2nd stage

development schemes, respectively.

The geological condition inm the project area is favorable. Sound
gneiss rock is widely distributed at the dam and . powerhouse ‘sites.
Though the project involves desanding Dbasin. and powerhouse of
underground type, there will be no particuolar technical problems in -
construction of these large sized caverns. While; mica. schist diétrif
buting at the central part of headrace tumnel route is observed and iﬁr_
is important -to identify its character for the future detailed desigﬁs

and construction planning.

It must be well recognized that the construétion schedule aiming at the .

start of commerclal operation of the Arun 3 power station at June 1994

is considerably tight. Especlally, the precondition for meeting the
above schedule is that the access road should be open for transpopta-
tion of construction materials and equipment by November,,1989,a§ ﬁhe
1st phase work. The speclal considerations are'needed. in Qrdéf to

start the construction of access road at the end of rainy season, i.e., .

November 1987. It is considered that the access road can be completed o

within the above-stated period (lst phase) by advanced construction of

pilot road followed by simultaneous works at 4 subdivided sectione.
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As to the construction schedule, unit No.l of the lst stage development

scheme 1s. to be operated in June 1994 being 4.5 years after the access

4Kﬁr0ad ig open to traffic. Unit No.2 ie”also to be operated successively

-i;in order to secure the stability of power supply system, however, unit

No. 3 ‘will be operated in September 1998 in line with the growth of

'domestic load demand.

" While, construction of the 2nd stage development scheme 1s to be com—

menced 4 years (that will be sufficient for negotiatieh ‘and fund

" arrangement) after commencement of construction of the lst stage deve-

lopment at the end of 1989, The completion dates of the st and 2nd
stage development schemes are scheduled to be September 1998 and June

1999, respectively,

In tﬁe event ‘of stagewise development stated above, a part of facili-
ties in the 2und stage development scheme will be neeessarily const-
ructed simultaneously with execution of the  1st stage development.
Namely, the regpective structures of intake, desendiﬂg basin, power-—
house (excldding installation of equipment) and tailrace outlet are to
be constructed as the unified ones to secure the safety of works and to
avoid the increase in cost that will be further requ1red when they are

constructed separately.

The construction cost at the price level on June 1986 is as shown

below.
"~ Forelgn .currency - Local "currency - Total
B Hpoptiou_(Uss)_ portion (USS) . (USS)
*’lst stage scheme <~ - 328,561,000 . 55,830,000 - 384,391,000 .
(201 MW)
1st & 2nd stage schemes 445,872,000 . 72,607,000 . 518,479,000
(402 MW : ' .

According to the-preject evaluation, economical internal rate of teturn

~+ (EIRR)! and financial ‘internal.rate”of return (FIRR) are calculated as

" ghown below.



2.

10.

(1) Energy. Cost

Rédei#iﬁg.Ehdv " Generatiom End .

lst & 2nd - . - . lst. & 2nd
st stage stages lst stage stages

(201 MW) (402'MW) (201 MW) (402 M)

Construction Cost 384 .4 518.5 2809  392.0
(106 us$) '

Generated Energy 1,635.5 2,816,2. . 1,721,6 . 2,960.3
{(GWh) '
Energy Cost 3.1 2.4 . . 2.0 . 1.7

(us Cent/kWh)

(2) EIRR and B/C

ETIRR U UB/C
Ist stage scheme . 15,5% 1.5
{201 MW) '
1st- and 2nd stage schemes = = 19.5% 2.1
(402 MW)
(3) FIRR
"FIRR

lst stage sceme 10.8%

(201 MW) '
l1st and 2nd tage schemes 14,9%

(402 MW) o

The construction of the large sized project and long access road as
involved in the Arun 3 project exerts, in general, a great influence on
health and welfare of the inhabitants in the related area. According

to the results of environmental assessment, however, it is’judged_that

‘1o harmful effects on the inhabitants as well as ecology in the project

area will be produced. However, a limited amount of coﬁpéﬁéation and

resettlement of the inhabitants will be necessary.

It is concluded that lst stage development (201 HW)_is;technically=and'
economically feasible. If the project is further develgped.into;an
stage (402 MW in total), the project will become much nore economically

attractive,



Recommendations

1.

As Ardq_B p:ojéét is found to be economically and technically attrac-

_;iéé Ehe yrbcee&ing_with immediate implementétion of the project is

highly recommended.

Since it 1s essential to strictly observe the construction schedules of
access road and headrace t:unnel'(whi-_::h ‘are on the eritical pas'_s) in
order to'stgrt the commercial opefétion of unit No.l in June 1994, the

‘related preparatory propeedings and detailed deSigns have to be acti-

vely promoted. .

In order to dBtéin-the'furthér detailéd_information-that,will be inéor—

i pbratéd“in-tﬁe:future'defailed designs’ and construction activities, the

" following investigations have tc' be made as soon as possible,

{a) Driving of exploratory adit aiong work adit in headrace tunmel

" ‘Since” mica- schist 1is distributed widely in this  area, further
“‘investigations are needed in- order to “obtain geological ‘fea-
‘tures at the place of ‘tunnel route and also to obtain geotechnical

information for detailed construction planning,

’:j(b); Additibna}_fest dfilliﬁgs grbund'surge tanks

In order to éhebk the adequacy of surge tank locatioms and also to
obtain the supplementary information for detailed designs, it is

required to survey the geological conditions in more detail.
(c)_gbfiviﬁg”expldtétéry adit redching powerhouse cavern -

This exploratory adit- is for obtaining detailed geotechnical

iﬁfofﬁhiibﬁ of rock around poverhouse and transformer caverns and

‘the résults are to- be' ‘Incorporated in the stability analysis of

caverns as well as study on construction procedure, -
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(4) Other investigation works

Test drilling, selsmic prospecting and topographic survey of 1/500
scale around the dam site, desanding basin, headrace tunnel tail—
race outlet etc. are to be carried out to obtain the geological

information in more detail, where deemed necessary.

In order to collect the additional hydrological data to be referrsd to
the construction planning, it is necessary to make continuous measure-
ment of river discharge at the upstream dam gauging station.' Suspended

load survey at this station is also required.

TFurther, it will also be necessary to augment the weather observarions
at the existing meteorological stations in the Arun pivér. basin to
obtain weather conditions to be referred especially during consts
ruction. New construction of meteorological stations in the area

upstream of the dam site is desired.

To make further studies on GLOF, site reconnalssance at the glacier
lake on the Barun Khola and data collection related to distribution and

sizes of glacier lakes in Tilbet are necessary.

It is necessary to actively undertake the studies on transmission,
substation and telecommunication ‘systems, especially of those itemized
below, so that the schedules of these work components will be reaso-

nably set out in line with the construction schedule of the Arun 3 pro-

- ject,

(a) Transmission line route between the Dhalkebar awitchyard and the

New Kathmandu substation.

(b) Location of the New Kathmandu substation and connection of same
_with the existing substations and expansion programme of the

existing oower supply system.

(¢) Expansion plan of 132 kV transmission line im the western region..



(d)

(e)

(£f)

Formation of Supervigsory Control and Data Acquisition (SCADA)
system of NEA's power supply facilitles Including the Arun 3 power

station,

Formation of telecommunication system including its route between

the Arun 3 power station and Kathmandu,

Further studies on power supply system to set up, on the premise
of the development of the Arun 3 froject, the optimum overall
system including transwmission and subtransmission networks around

Kathmandu and in the western region, SCADA system and telecommuni-

~cation system,
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1.1

- CHAPTER "1, INTRODUCTION

'PEéana B

This Final Report includes the results of the feasibility study works

- undertaken in the period from February 1986 to April 1987 on the Arun

03 hyﬂroelectric-power'development project ion Nepal as a part of tech-

nical cooperation of the Japan International Cooperation Agency

(JICA). The Report is composed - of the- following three volumes.

- Volume 1° Main Report
Volume 2-QAccess Road

. ,Volume 3 Appendix

A part of the studies related to the access road 1is specially prepared

‘ in“a'separate volume at the request of the Nepal Electricity Authority

".(NEAj . on the basis of Agreement signed by JICA and NEA dated 12

-1.2

December 1985 the study on the access ‘road by the Team is of prelimi-

‘nary design level using newly developed aefophotographic maps of

1/10,000 scale. Howener, the Field Report on the access road ‘separa-
tely prepared by NEA on the basis of 1/5 000 scale aerophotographic
maps was . provided to the Team in November 1986 to further supplement
those data and field information which the Team had already collected

. The contents of the said Field Report are well incorporated in this

Report.. -

"HistOry’of Projéct“”'

ﬁThe Arun 3 hydroelectric project was . 1dent1fied in the course of the

Master Plan Study on the Kosi River Water. Resources Development con—

ducted With ‘the JICA's technical assistance from 1983 to 1985 ‘and was

.accorded the highest priority for future furthcr study., Recognizing

. the. attractivenees of . the project,,NEA immediately carried out the’

prefeasibility study of the project and issued the report in October
1985, ~ The findings of this study reconfirmed the technical and econo-

‘mical attractiveness of ‘the’ project which led ‘to the HMG's request to

.'“the Government ‘of Japan-in May 1985 to assist in- carrying out the fea-

'F*sibility study of the Projec“



The Government of Japan agreed. to provide assistance and instructed
JICA immediately to duly consider-the above. Upon careful investiga-—
tions of the status of preliminary studies performed so far by NEA and
the draft report of NEA's prefeasibility study, JICA dispatched Lo
‘Nepal . the preliminary study team composed of five (5) experts. headed
by Mr. H. Suzuki {then Head of Natural Resources Division, Mining &
Industrial Planning and Survey Department, JICA) 1in. November 1985.
After rheir arrival in Nepal, the team undertook site reeonnaissaoce,
data collection, etc. and alse had discussions with NEA. .The'Soope of
Work {S5/W) and appurtenant Minutes of Meeting (M/M) for the feasibi-
lity study on the Arun 3 hydroelectric power devéelopment projéct were
then prepared, agreed finally on thelr contents and signeﬂ'oo December
12, 1985. 1In order to promote the study works contemplated in the
above $/W and M/M, JICA proceeded in selection of the consultant firm
.and awarded the works to the joint venture of the Electrlc Power
Development Company (EPDC) and the Chuo Kaihatsu Corporation (CKC),
who subsequently transferred its service contract to the Chuo Kaihatsu
Corporation, International (CKCI) ‘on  Janvary 27 1987, through

prescribed documentary examlnation.

The vtudy team organized in accordance with the above consultancy
contract and headed by Mr. S, Nojiri immediately started " the home
study of the project oackground “and was dispatched ‘to Nepal for
approximately one month from Februafy 23 to March 25, 1986 to carry
out the first site investigation works which include data collection
indispensable for further studies in various fields, site recon-
naissance and drafting of topographical, geological field investiga-
tion works. The study team was again dispatched for approximately
three months from May 4, 1986 to carry out the second site iovest1ga"
tioh works which include further data hollection,'ekecutioﬂ”of the
topographical, geological field investigations previously drafted,

investigation of the existing power’ generation, transmission 11ne and
substation facilities, and asrial reconnaissance by helicopter of pro-

bable routes of access road and transmission 1ine for this project.

All reference data collected ,dufing_'the -above ~aite viSiﬁs_'and,
topographical -and geological data obtained by the field 1hvestigation

works were brought back to Japen and have been used for the;sueeeeding
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study works in Japan. The study team has intemsively executed various

works such as analyses of these data and other study works indicated

Aln the Scope of WOrk

Object and Scope of Studﬁ

The object aud scope of this study are indicated in detall in Chapters

2 and 3 of the Scope of Work agreed and eigned by JICA ‘and NEA on
December 12, 1985, '

Data

In order to undertake analyses and other studies for feasibility study
of hydroelectric projects, it is necessary that .all information such
as topographic maps covering project area, hydrological and meteorolo-

gical data, geological data, data for project cost estimation, econo-

mical and financial indlcations, etc. be fully furnished to the study
-team. As _the abovementioned data necessary for analytical studies
. Were not. comprehensive at the time of commencement of this study, it
. was required to collect the existing data first and to execute the

 field iuvestlgation works immedlately to clarify topographical and

. geologlcal features of the project area, The main data collected in

.- Nepal . and those generated by the study team based on the field

1.4.1

invest;gationtactlvities are as described belqw,

Generated Data
@) Aerophotographic Mapping

: Aetophotographic.mapSfof the aree covering dam inciuding reser
“volr ‘to powerhoese' and probable access-foad were prepared in

- 1/5;000 aﬁd-l/lO;OOD;scaIES respectiveiy, using aerophotographs
of 1/20,000 scale obtained at the Topographic : Survey Brench
of the HMG/Nepal Department of Survey. |



(2)

(3)

(4)

(5)

Topographlc Mapplng by Ground Survey

As for topographic maps necessary for basig.design_of,the main
civil structures, estimating the work quantities, etc,, topo-
graphic maps covering the dam area (dam, diveréion tunnel,
intake, desanding basin, etc,) and also powefhnusé.aréa'(sﬁrgé
tank, penstock, powerhouse, switchyard, etc,) were prepared in
the scale of 1/500. |

Levelling and Installation of Bench Marks

Levelling survey between dam and powerhouse sites was carried

out and five bench marks were installed. 'The results of this

_ levelling survey were properly referred to (1) aerophotographic

‘mapping and (2) topographic mapping above.

Geologicél Data

For undertaking feasibility designé in the feasibility study,
geological investigation is of the great 1importance, This
activity constituted a major part of the field investigation

" works and the resuits have been fully incorporatéed in making

prdject layoﬁt and designs of the ‘main structures. Field
inVestigation works performed include geoldgicai fécbnnaiséance
in the area covering dam, waterway and powerhouse sites, seis=-
mic prospecting and core drilling. Mechanical test of rock

specimens collected at the site were also executed.
Sedimentation Data

During the first and second field inﬁestigationé, water samples

were taken from the Arun river and sediment'loa& estimate wés
made on the basis of the laboratory test results. of suspended
solids contained in the sald samples-togéther'ﬂith.other docu—

mented data. -



1.4.,2 Avallable Data

. (1) Hydrological and Meteorological Data

._(2).

(3

(4)

)

(6);

All the available hydrologiéal and méteorologicél racofds at
gauging stations and meteorological observatories existing in

the Arun river basin and other neighbouring river basins were

- collected for enhancing the accuracy of analytical studies.

Powar Demand:Forecast, Existing Power Supply Facilities and

Transmission Netwbrk-

Related data were collected és much as possible from the con-

cerned divisions of NEA. On-site inspections of the existing

power generation, transmission and substation facilities in

Nepal (especially the area east of Kathmandu) were extensively

carried out for facilitating the study works,

Data for Cost Estimate

The study team collected data and documents of the similar pro-

‘jects constructed or being conétructed in Nepal, procurement

procedure of conmsétruction equipment/materials, costs for ocean
freight and inland transportation thyough India and Nepal,

local wage rates, ete. which are all necessary for project

" cost estimate.

Data for Envirounmental Impact
Data for Economical Analysis

Various stétistic data, -electricity tariff rates, etc. were

collected in Nepél;_
‘Data List

List of the main data collected is shown in Table 1-1.



1.5 Study Works in Japan

1.6

From commencement of the feasibility study in February 1986, -the

following studies have been carried out in Japan.

(N

(2)

(3

Analysis of hydrolbgical data, estimate of  power demand forecast
and studies on the required: future power supply system, and the

studies on development scheme and optimum size of the project.:

Feasibility design of main civil structures including access road
and power generation equipment as well as transmission and sub-
station facillties, estimates of work quantities and construction

cost, and studies on construction schedule.

Economical analysis of the project, that is, evaluation of the
project based on the economic internal rate of return (EIRR)Vand

financial internal rate of return (FIRR) is carried out.

Personnel Involved in the Study

Members of JICA study team, semnlor officials and counterpart officers

(1)

of HMG/ N involved in the study are as listed below.

Members of JICA Study'Team

Mr. S. Nojiri Team Leader ' o EPDC
Dr. T. Abe Deputy Team Leader _ CKCI-
Mr. T. Tezuka Hydropower Planning Engineer ZVE?DC
Mr. S. Tsunoda Design'Engineer "
Mr. K, Mishima Hydrologist "
Mr. €, Itoh Geotechnical Engineer ' - CKCI
Mr. R. Sugawara Elecfrical Engineer : ... EPBG
Mr. M. Yabuki = Transmission Plahning Epgingerr "
Mr, S. Masumura Economist _ CKCI
Mr. K, Mori Drilling Expert . e
Mr. T. Hirota Seisﬁic Survey Specialist "



(2)

Mr. A, Matsunaga
Mr. M, Shirota

Mr. K. Toyota

a

Seismic Survey Specialist

- Survey Specialist:

Mr, T, Watanabe "

Mr. M. Kuariya *

Mr. K. Komatsuya

EPDC: Electric Power Development Co., Ltd.

CKCI: Chuo Kaihatsu Corporation Intermational

Senior Officials and Counterpart Officers of HMG/N

NEA

Mr.
Mr.
Mr.
Dr.
Mr.
Mr,
Dr,
Mr.
- Mr,
_ HMr,
VMr.'

. . L] .
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Shrestha
Dixit
Chaudhary
Karmacharya
Shrestha
Shrestha
Tuladhar
Koirala
Thapa

" Shrestha

Maskey

Mrs. A. Kayastha

Hr. G.
Mr, 5.
-br. M.
Me, K,
Mr. B.
Mr. D.

WEC

Mr. B.

Dr, H.

Dr. C.

Shrestha
Pradhan

'Joshi"

Shrestha
Shrestha
Shrestha

, Pradhan

Shrestha

Sharma .

Managing Director
Divector in Chief
Director in Chief
Director .
Diréctof‘
Director

Director

Director

Joint Directox

Joint Director

Deputy Director

Deputy Director
Députy Director
Deputy Director
Economist

Civil Eugineer
Mechanical Engineer

Hydrologist

Executive Secretary -

Executive Director

Executive Director



DOR

Mr, §. B. Pradhanang Chief Engineer

Mr. A. M. Tuladhar Deputy Chief Engineer
DI

Mr. C. D. Bhatt Director General
DS

Mr. A. B, Basnet Director General

Mr, P. P. OL1i Assistant Director

Royal Nepal Army Rotary Wing Unit & VVIP

Helicopter Service

NEA  : Nepal Electricity Authority, HMG/N

WEC : Water and Energy Commission, HMG/N
: Department of'Roéd, HMG/ N

DOR .
DIUM : Department of Irrigation, Hydrolpgy & Mgteorology,‘HMG/N
D3 : Department of Survey, HMG/N
HMG/N : His Majesty's Government of Nepal
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(2)
3
(4)
(5)
6
2
(8)
(9

(10)

(11)
(12)
(13)
(14)

Table 1-1 List of Main Data Collected

Master Plan Study Report on the Kosl River Water Resources
Devalopment, March 1985, JICA

Prafeasibility Study Report, Arun 3 Hydroelectric Project

Oct. 1985, NEA

1984 Generation Expansion Plan for Period 1984 to 1994,
Report 3/2/170784/1/2, WMG D.E.

1985 Electric load forecast for periad 1985 - 2004, Report
3/2/160485/1/2, HMG D.E,

Electricity load Forecast 1986
Report PD/SP/430416/1-2, NEA

Longrun Marginal Costs of Electricity Generation in Nepal, Report
3/2/301284/1/2 .

Transmission system look—ahead, Report for period 1984/85 to 1993/94,
Report 4/1/060884/1/1, D.E,

GLOF Bhote/Dudk Kosi, Aug. 4, 1985
Hydrological Studies of Nepal Ne.l.l, March 1985

Preliminary Study of the Glacier Lake Outburst Flood (GLOF)

Phenomenon in the Nepal Himalaya (Phase~I Interim Report), Draft,

WEC, Nov. 1986

Erosion and Sedimentation Process in the Nepalese Himalaya,
ICIMOD, Occasional paper No.l Aug. 1985

Maps of Project Area 1/50,000
Climate Records of Nepal
Population Census 1981 and Other Statistical Data of Nepal

Nepal Road Statisties and Others






' CHAPTER 2 PRESENT STATE OF POWER INDUSTRY
N AND FUTURE DEVELOPMENT







1o

[-J
[ 2

L
G

CHAPTER 2. PRESENT STATE OF POWER INDUSTRY
AND FUTURE DEVELOPMENT

Electric Power Industry in Nepal ... .. ... . i i
Energy Resources .and Development Policy of Nepal .. ... .. ......
Present State of Power Industry .. ... .. . e
2.3.1 Existing Power Supply Facilities . .. .....................
232 Power DEmMAand - ...
2.3.3 Fluctuationof Load ......... ... ... ... . ....... L
Load Demand Forecast ... ... it in i —_
241 Load Demand Forecast Applied to the Study ... ... .......
2.4.2  Cross-examination of Adopted Loﬁd Demand Forecast .. ..
2.43  Examination Result . ... ... ... ... i,
'Electric Power Development Program and- Load Resources Balance
- 254 .Deveiop_men.t Program before Arun 3 Project . .............
2.5.2 Development Plan of Arun 3 .Project ....................

Necessity of Implementation of Arun 3 Project ..................

Page
21
21
2-3
2-3
2-8
2-1
2-15
215
221
2 -27
230
2 -30
230
2 -39






Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

Table
Table
Table
Table

2-10

2-11
2—-12
2—13
2-14

LIST OF TABLES

Existing Generating Facilities in Integrated System

Existing Transmission Lines in Nepal (_66 kV and Higher)

* Historical Energy Consumption and Peak Load

Energy Consumption in Each Region ('198.3/ 1984)
Energy Coﬁéurription in Bach Sector (1983/1984)

‘Power Export and Import

Historical Annual Load Factor in Interconnected Powsr System
Power Demand Forecast of Interconnected System

Projection 'of. Power Demand Growth at Each Substation (MW) (1), (2)

‘Historical Population, Energy Consumption and GDP Elasticity of
" Energy Consumption (GDP Values at 1974/1975 Price)

Projection of Interconnected Energy Consumption Growth Rate

Projection of Population Growth

"Projection of Interconnected Peak Load

Projected Generating Power Plants



Fig.
Fig.
Fig.

Fig.

LIST OF FIGURES

Map of Nepal Power System
Electric Power System in Nepal

Monthly ’Fransiﬁon of Daily'Peak Load, Daily Load Factor and Ratio of
Max. and Min. Load (July, 1984 to June, 1985)

Load Curve and Load Duration Curve (January, 1985)
Comparison of Projected Energy Consﬁmption (Interconnected)
Comparison of Projecied Peak Load Demand _

Projection of Load Resources Balance (kW Balance)

Projection of Load Resources Balance (kWh Balance)



2.1

CHAPTER 2, - ~PRESENT.-STATE OF POWER INDUSTRY AND FUTURE: DEVELOPMENT

Electri¢c Power Industry.in Wepal

The competent authority that controls and supervises the electric

power industry in Nepal 4is. the Nepal Electficity Authority {NEA),

~i-which 1is  the. -undertaking of His Majesty's Government, - .On August 16,

2.2

1985, the -then Departwent of Electricity (ED) of the Ministry of Water
:Résources - (MWR) and the then Nepal Electricity Corporation (NEC) were

. amalfamated to form the Nepal Electricity -Authority. -Formerly, there
-was also- the Eastern Electricity Corporation: (EEC) .which was -affi-
-liated in the above NEC in July 1982,

| The Department of Electricitj was the sole agency foripladﬁing and

1mplementation of power generation and transmission facilities, and
all the power supply facilities constructed by ED 1n Nepal were trans~ '

ferred to NEC (or EEC) for operation and maintenance, excluding those

~located . in far-western region and operated by ED ditself,. NEC was
:responsible. for operation and maintenance- of those facilivies. con-
. nected with the power supply systems in the eastern,. central and-

‘- western regions as well as power export to and import. from India at

.these. regions, , At present, all activities including planning and

‘construction of: projects, operation and maintenance of power .facili-

.aties,_adﬁinistratipn, power distribution and collection of tariff are
.undertaken by NEA after affiliation of ED and NEA.

EnérgyZRESOUICQS'and'DEvelopment‘Pblicy'éf_Néﬁal

.Though- no fossil  energy fesouxcgs_such;as coal, petroleum, natural

gas, etc. are. found, Nepal is blgssed,w;th_abundant_hydropower:resour—-

ces and total potential'is estimated to be 83,000 MW, the major parts

~-of which are centered in. the Karnali river basin (32 000 MW), the

Gandak river basin (21 000 MW) and the Kosl river basin (22, 600 MW).

Out of the above, economically viable generating capacity is estimated

'approximately at 25,000 MW as reported by the Ministry of Water

Resourgés.- Nepal is ranked as one of the countries with very high

,hydropoﬁer potentials in the world, and the future development thereof

is of paramount impor;éuce'for-economic growth of the country.
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However, total installed capacity of hydroelectric  power - plants is
150 MW as of 1985 which is equivalent to merely 0,6% of the above
mentioned economically viébie hydropower potentlality.  Though the
hydropower generating facilities of 76.9 MW (target 129.% Md and
achlevement rate of 60%) was completed during the period of the 5ixth
Plan (1980 ~ 1985), development activities are still tardy.

The annual power consumption per capita during the period of the Sixth
Plan is of - very low value of 22 kWh equivalent -to aﬁproximately 2% of
total energy consumptlon per capita. —Current energy consumption per
capita in Nepal 1s about 224 kg in terms of coal; 94% and 6% of which
are by traditionally used firewood and petroleum product, respec-
tively. Owing to this situation, forest depletion has been substan-
tial and therefore, the conservation of remaining forest and
reforestation have been the subjects of great imﬁortantée'aﬁd also the
change of energy.sdurce from firewood to the others is one of the

major nationmal policies,

In the Seventh Plan (1985 - 1990), intensive development of -water
resources, especlally of hydropower projects and reinforcement _of
transmigsion -line network to meet adequately the growth of -energy
demand are envisaged. The major items in the Plan related to develop-
ment of hydropower supply facilities are construction of power plants
with 106.,6 MW ihstalled capaclty in total including the ‘Kulekhani (32
MW), Marsyangdl (66 MW) and Andi Rhola (5.1 MH) bowér stations; etc.,
new construction of transmission lines of 132 kv (728_km)'aﬁd 33 ky
(233 km) and expansion of the existing 33 kV (350 km) transmission
line. As to the large scale hydropower development projécts,rinvestié
gation activities in the Sapt-Gandak and Sapt-Kosi basins are enu-
merated, especially giving priority to the feasibilify'study on the
Arun 3 project and final study on the Sapt-Gandak project.



2.3 Present State of Power Industry
2.3.1 Existing Power Supply Facilities

The power éupply'system in Népal is divided into the east, central,
western, mid-western and far-western regions as shown in Fig. 2-1,
At present, most of eastern and western regions and all of central
region are connected with the Integrated Nepal Power System (INPS)
by 132 kV trunk transmission lines, however, in some .area not con-
nected with INPS near the Indian border, power imported from India

is being supﬁlied by the local distribution lines.

The existing power generating capacity in Nepal as of March, 1987 is
approximately 182 MW as shown in Table 2-1, out of which diesel
power. generating facility forms approximately 12% and the remaining

part is hydropower generation.



Table 21 Existing Generating Facilities in Integrated System

Installed LoadHGérrying

Plant Name Gap. (MW) Cap., (MW)
Hydro:
Sundari jal 0.64 0.64
Panauti _ 2.40 1,80
Pharping 0.50° 0
Butwal 1,27 - 1,20
Pokhara 1.02 1.00
Trisuli 21,00 18,00
Sunkosi 10.00 ' 5. 80
Gandak Canal 15.00 . 8,40
Kulekhani I 60,00 60,00
Kulekhani IT 32,00 26,40
pevighat 14,10 - 14,10
Seti 1.50 1,50

Sub-total 159.40 138.80
Diesel:
Dhorsing 2,20 2,20
Patan 1.50 1.20
Mahendra 1.70 1.40
Bhavatpur G.50 Q.50
Hetauda T 4.50 3,00
Hetauda II 10,00 10.00
Pokhara 1.00 1.00
Other Western 1,20 0.80

Sub-total : 22.60 20,10

Total 182.00 153,60

Table 2-2 shows outline of the existing transmission lines.
Voltages of transmission lines adopted in Nepal are 132 kV, 66 KV
and 33 kV, while those adopted to distribution lines are 11 kV, 3.3
kv and 0.4 kv, Substaﬁions of 33 kV or higher are shown in Figs.
2-1 and 2-2, and the four main substations {Balaju, New Chabel,
Siuchatar and Patan) are being operated in  the load center,
Kathmaadu. The Thimi substation is being operated at 33 RV, which

Y

will subsequently rise to 66 kV in future.



Table 22  Existing Transmission Lines in Nepal

(66 kV and Higher)

Length

Voltége No. of
(km) (kV) Circuits

TrisuliaBaiajﬁ 29 66 2.
BalajﬁFSiuchatar 7 66 2
Siuchataf—ﬁulekhani 1 29 66 2
New ChabeI—Devighat' 33 66 2
Patan-Siuchatar 4 66 1
Patan~Sunkosi: 57 66 1
Hetauda~Birgun5: 44 66 2
ﬁulekhéni I;ﬁétadda 16 66 2
Kulekhani II-Hetauda 7 132 1
Kulekhani II—Siﬁéhatar 36 132 1
Hetauda-Bharatpur 80 132 1
Pokhara-Bharatpur 85 132 L
Bharatpur-Dunik ibas 52 132 1
Dumkibas-Gandak 32 132 1
Dumkibas-Nepalgunj 253 132 1
Hetauda-Dubi 283 132 1
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2.3,2

Power Demand

As shown in Table 2-3, energy consumption in the whole Nepal'is
reported to be 365.2 GWh in the fiscal year 1983/84. Energy éonf
sumption and the peék load in the integrated system of Népal are
298.8 GWh and 76.MN, respectively. The averagé growth'rates of
energy consumption in the wholeiNepal and the infegfated Nepal from
F.Y. 1975/76 to F.Y. 1983/84 are 11.7% and 11.8%, respectivély, In
1983/84, 74.8% of  the total energy in the country was consumed in
the central region, mainly in Kaﬁhmandu, and 13,4% in the easterﬁ
region wherein the Arun 3 project is located and this will be owing
maianly to the industrial demand at Biratnagar., Further, 7.9% was
consumed in the western region.and 3.9% in the nid-western and far-
westérn.regiqns'as referred to. Table 2-4, ©Energy consumption by
categories is indicated in Table 2-5, As obse:véd_therein;‘energy
loss 1s taking very lafge portion of the total_cbnsumpﬁion. As fdr
the pattern of energy consumption, domestic sector takes the largest

share followed by industrial and commercial sectors in'ﬁhat-ofder.

Nepal has close connection with India historically, gebgraphically
and economically,  and interchange of -electricity between two
countries has been 1n force fof long, though-théramouﬁt of power:
imported from India has been exceeding that of powef exporfed to

India as shown in .Table 2-6.
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Table 2—4 Energy Consumption in Each Region

(1983/1984)

Region Total Nepal (GWh)
Central 273,155 (714.8%)
Western 28.884 { 7.9%)
Eastern 49.046 (13;42)_
Mid-West 8.865 ( 2.4%)
Far-West 5.294 ( 1.5%)

Total 365.244  (100.0%)

Table 2—5 Energy Consumption in Each Sector

(1983/1284)

Sector Total Nepal (GWh)
Domestic 101,411 (27.8%)
Industrial 78.342  (21.4%)
Commercial 48.215  (13.2%)
Trrigation & 9.350 ( 2.6%)
Water Supply _ _
Transport 1.463 0.4%)
Street Light 5,070 ( 1.4%)
& QOthers
Self Consumption 2,712 ( 0.7%)
Losses 118,681  (32.5%)

Total 365.244  (100,0%)
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Table 26 '-Power'Expni’t and Import

Fiscal Year Import (GWh) Export.(GWh)
,19?5/76 I 25_372f- 5,940
1976/77 | 29.141 6.116
1977/78 32.726 5.970
1978779 40.626 6.160
1979/80 38.972 5.196
1980/81 45,070 5.765
1981/82" 56.759 - 6.092
1982/83 63.291 : 8.922
1983/84 -  67.170 10.312

2.3.3 :?luctuation of Load

(1)

Seasonal fluctuation

Monthly transition of daily peak load-in ‘F.Y. 1984/85 is shown
in ?ig. 2-3 and the max inom load takes place in winter (dyy

season) from December to March, while it declines in summer.

The ratio of the minimum load to the naximum load on the day

:correspondlng to the monthly maximum load is approximately 76%.
_The historieal annual load factors from F.Y. 1975/76 to F.Y.
"1984/85 are shown in Table 2-7 and the average load factor
:during the above 10 years is 45%.

2~ 11



Table 2—7 Historical Annual Load Factor
in Interconnected Power System

"Interconnected | Interconnected Load

Fiscal Year | Energy Consump~ Peak Load Factor

tion (GWh) DR (Zy
1975/1976 118.909 . 31.88 42,6
1976/1977 129.291 34,72 1 42.5
1977/1978 144,162 - 37,90 43,4
1978/1979 160.578 38,10 48.1
1979/1980 179.211 42,46 _‘748.2
1980/ 1981 177,553 bl o6 45.6

A1§81/1982 205,142 56,48 41,5
1982/1983 273.688 66.0 47.3
1983/1984 |~ 289.775 76.0 : 43,5
1984/1985 302.000 79.7 43.3
Average 44;6

(2) Daily fluctuation

The dail§ 1oéd curve and ldad durétion cur?e at.the maximum
peak load in F.Y, 1984/1985.(January, 1985):are showm in Fig.
2-4, As observed therein, daiiy peak 1oadé takérblaceé at two
times, breakfast time (8 to 9 o‘cloék a,m.).and.dinner time (6
to 8 o'clock'p.m.), and fhe daily maximum ldéd at ﬁinner time,
sho#ing typicai load paﬁtern fé: domestié use, .Trahsition of
daily load factors corrésponding to the montﬁly ﬁaximum loads
in 1984/85 are also shown in Fig, 2-3. The maximum load factor
of 59.,8% was recorded on the day of the maximum peak load in
January 1985 and the average dally load factor per - annum was
approximately 54%. There is a trend that daily load factor -
becomes larger for larger load., The _ratios pf the minimum
loads at midnights.to the maximum loads bn_the days corres-
ponding to the monthly maximum loads in-1984/85 are again shown
in Fig. 2-3 and the annual average 1s approximatelj 35%,
showing considerable declination at midnight, 7
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2.4 Load Demand Forecast

2.4.1

Load Demand Forecast Applied to the Study

(1) Load demand of integrated power system of Nepal

Load demand forecast governs the study of the optimum develop-

ment -scheme in rélation to timing and programming of implemen-

‘tation, project size, etc.

There are. several demand forecasts released by NEA such as

Report No. 3/3/080883/1/6 prepared by ED in 1983, that by the

‘World Bank in 1984, Report No. 3/2/160485/1/2 and Report No.

PD/SP/430416/1 2 by NEA in 1985 and 1986.

_Theré"waé marked differencé between the demand forecasts

conbiuﬂéd iﬁ.1983 and 1985. The 1983 électfic load forecast

was based on the dlsaggregate method and the actual demand in

electr1ca1 1oad was far less than the forecasted one.

The 1985 foreéast was based'on'tﬁe trend ahalysis and lined to

take {ﬁto écdount prévious large gap between énticipated'and

'actual demands as well as the impact of_tariff increase in

twice in 1984/1985

.But owlng to the expan51on of ttausm13510n grld to Biratuagar

and growth 1n domest1c consumptlon because of reliable power

supply, the 1ncrease in demand in F Y. 1985/86 was registered

to around 25/ desplte of the tarlff 1ncrease, exceeding the

load forecast in 1985

" Qwing to the ahoﬁémentioﬁed-fact3 NEA released new load demand

forecast in July 1986 with the assistance of the World Baok in
order to minimize the difference between the forecasted and
actual values., This load forecast was analyzed baéed on the
disaggregate method for twenty years ahead taking the following

factors into consideration.
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% Future industrial, agricultural and commercial develop-
ment plans '

% Impact of tariff incfeaée effected in 1983

* Trausmissidn_line expansion programme '

* Economic movement in recent years

‘The optimum development 'scheme. of new project is generally:
studied on the basis of the medium to long term load demand
fofecast. The above 1986 load farecast 1s'coﬂsidered.reaso_
nable, since the disaggregate'method is applied for the first
five "years and the'tténd'méthad for'thE‘médium to long term
forecast based on correlation between industrial power demand
and gross domestic product (GDP) . Thetefbfé;ithe 1986 load
.forecast prepared by NEA is adopted in this study for analyses

_ of the re’atpd subjects (Table 2- 8 Figs.k2—5 and 2-6). The
1986 load forecast is cross-examined as described in the suc-

ceedlng paragraph 24,2 and found to be adequate.-

In the meantime, the demand forecast involves electric power
system losses due to transmission line, substation and distri-
bution systems, that is, the adopted demand forecast means the

estimated values required for generating capabllity.

Power losses in total power supply system, though they vary at
respective regions, are currently reported to show 1arge value
of 30% in average and is anticipated to fall to 204 at
F.Y.1993/94 when the Arun 3 project will-be put in service,
Though this problem is.considerad to be fﬁfthér iﬁproved gfa—

dually, power losses after F Y.1993/94 in transmission liﬁesrr_

and aothers {(substations, distribution lines) are estimﬂted at

5% and 157 respectively for the study.
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Table 2--8 Power Demand Forecast of interconnected System

rp* . . : , : J
F.Y. Energy . | Growth Energy Peak Load | Growth Peak Toad
' (qwh) - @ [ Rate (D@ (Mwh) @ | (W) @ | Rate (DI} W) &
- .
1985/86 C 473,265 107.1°
1986/87 557,463 17.79 124,0 15.72
1987/88 635,485 14,00 | Same as@) 141,1 13.83 | same as @
1988/89" 709,666 11.67 157.7 11,76
1989/90 786,968 10,89 177.4 12,47
1990/91 869,838 10.53 196,3 10.67
1991/92 946,014 8.76 213.3 8.65
1992/93 | 1,038,096 9.73 233,8 9,60
1993/94 1,121,543 8.04 251.8 7.68 S
1994/95 1,204,242 7.37 1,307,172 269.5 7.04 293.0
1995/96 1,281,278 6.40 1,384,208 286.5 6.33 310.0
1996/97 1,357,804 5.97 1,460,734 303.6 5.97 327.1
1997/98 1,439,650 6.03 1,542,580 321,7 5.96 345.2
1998/99 | 1,524,850 5.92 1,627,780 340, 7 5.89 3664.,2
-1899/2000 | 1,613,312 5.80 1,716,242 360.5 5.80 384.0
2000/q1 1,705,408 5.71 1,808,338 38l,2 5.75 404, 7
2001702 . | 1,801,269 |. 5.62 1,904,199 402.9 5.70 426.4
2002/03 1,901,368 - 5.56 2,004,298 425.8 5.69 449.3
2003/04 2,005,319 5.47 2,108,249 449.8 5.63 473.3
2004705 2,113,592 5.40 2,216,522 475.0 5.61 . 498.5
2005/06- | 2,225,748 5.31 | 2,328,678 501.3 5.54 524.8
____________________ e ——— " 2 e [PPSR A ———
2006/07 | 2,342,822 5.26 2,445,752 528.8 5.49 552.3
2007/08 2,464,883 5,21 2,567,813 557.6 5.44 581,1
2008/09 2,592,071 5.16 2,695,001 587.6 5.39 611.1
2009/10° 2,724,526 5.11 2,827,456 619.0 5.34 642.5
2010/1t 2,862,387 - 5.06 2,965,317 651.8 5.29 675.3
2011/12 | 3,005,793 5.01 | 3,108,723}  685.9 5.24 709.4
2012/13 | 3,154,880 4.96 | 3,257,810 721.5 5.19 . 765,0
2013/14 3,309,784 4.91 3,412,714 758.86 5.14 782.1
2014715 3,470,640 4,86 3,573,570 L 797.2 5.09 820,7
Hote: 1, Load forecast after F.Y.2006/2007 which is not indicated in the
latest demand forecast of July, 1986 is estimated on assumption that
the demand growth rate will decline by 0.05% per annum for both
energy conaumption and peak. load.
2. After F.Y.1994/1995, peak load is obtained by adding 23.5 MW to be
: exported through the interconnected system of Nepal as shown in above
3, After F.Y.1994/1995, energy consumption of 102,930 MWh per. annum for
export which is obtained by application of annual load factor of 50%
is added to the interconnected system of Hepal as shown in above ().

Energy demand C) and power demand'() are adopted in this study,
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(2)

Peak demand forecast at maln substations

Peak demand forecast at the maln substations is prepared as
shown in Table 2-9, on the basis of the r‘eéqrds‘ at the _main
substations shown in Report No. 4/1/060884/1/1: Transmiséibn_.-
System Laok—Ahead Report for Perilod 19_84/85 to 1993/94 and also
the above-mentioned load demand forecast of the idtegrated

system of Nepal.
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2.4.2 Cross—examination of Adopted Load Demand Forecast

Adequacy of the load demand forecast adopted for this 'study as

stated 1a 2.4.1 above 1s cross—examined by the following macroscoepic

method on the basis of vartation of load‘demand COrrespondiog to

growth of the gross domestic product (GDP).

(1) Elasticity coefficlent of GDP to the total  power consumption in

(2

‘whole Nepal ‘is to be first analysed based on growth rates of

GDP per capita and energy consumption (kWh) per capita by this
time and the pfospective'elasticity coefficlent of GDP is to be
theh estimated. As shown in Table 2-10, the average value of
elasticity coefficient of GbP from,F 1. 1975/76 to F.Y, 1981/82
is calculated to be 12, 6 which is considered ta be considerably

large compared with those of the advanced countries. The elas-

ticity coefficients of GDP adopted in this examination are
assumed to be 5.0 and 3 0 for the periods from F,Y, 1985/86 to
F,Y. 1994/95 and £rom F,Y. 1995/96 to F,Y. 2004/05, respective—
ly, referring to the past records thereof and also to the gene-—

ral tendency that the growth of GDP is nofmell§ larger than

“that of energy consumption (kwﬁ) resulting_in smaller GDP elas-

ticity. .

Secondly, the growth rate of GDP per capita in whole Nepal is
assumed as described below. Though the average growth rate of
U per capita for the period from F.Y. 1974/75 to F.Y. 1981/82
was 0.7% as shown in Table 2-10, it turned out to be 1.547% for
the period of the Sixth ?len:from F.Y. 1980/81 to F.Y. 1984/85,
giving sound prospecf fo the recent econoﬁic ‘situation of
Nepel. The average growth rate of GDP per capita for the
period of the Seventh Plan from F.Y. 1985/86 to F.Y. 1989/90 is
estimated ¢o be 1.B8%., During the perlod from F.Ya 1984/85 to

:F,Yé 1990/91, the marked increase in load demand 1s expected

because of new construction of industrial Ffactories such as
Heteuda Cement, Nepal Orind Magnesite, Laxml Banaspati Ghee,
Annapurna Tektile, Bhrikuti Paper Indostry, ete, . However,_
Nepal 1is being troubled by the scarcity of foreign currency and
its economic situation for holding: high growth rate of GBY over
a long period is not always optimistic.



(3)

(4}

(5)

Based on the above consideration, the growth rate of GDP per

capita is assumed to be as below.

F.Y, 1985/86 -~ F.Y. 1989/90 2.0%
F.Y. 1990/91 -~ F.Y. 1994/95 1.5%
CF.Y, 1995796 - F.Y, 2005/06 1.0%

Thirdly, the growth rate of energy consumption (kWh) per capita
in the future is to be estimated based on the abovementioned
growfh rate of GDP multiplied by the elasticity coefficient of

GDP to energy consumption, as shown in Table 2-11,

Fiﬁailf, the growth rate of energy cpnsumﬁtion:is to be esti-
mated from the gro&th.rate of energy cdnsumption per cépifa
muitiplied by the population growth rate in whole. Nepal, as
shown in Table 2-11, The average'populétion-grdwth rate of
2.7% is first referred to the Report No, 3/2/160485/172 "1985
Electric Load Forecast for Periaod 1985 - 2004" brepéred by NEA
up to F.Y. 1994/95 and 2.5% is éssuﬁed thereafter as shown in
Table 2-12. |

Peak load forecast is obtained on the basis of the above-stated
estimate of energy consumption together with the " annual load
factor (Table 2-13), Though the record of the annual load fac—
tors is as shown in the pr-ecédi.ng. Table 2;7, :tﬁefe can ' be
observed no partiéular relationship'bétween 1bad.deﬁand growfﬁ
and annual load factor, Hence the constant load'factor of 50%7
is-adopted, assuming that the annual load factor ﬁill-be more

or less increased in the future.
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Tabie 2—12 Projection of Popdlét'it)n' Growth

Fiscal
Year
1972 / 73
1973 / 74
1974 [ 75
1975 / 76
1976 [/ 77
1977 / 78
1978 / 79
1979 / 80
1980 / 81
1981 / 82
1982 /. 83
1983 / 84
1984 [ 85
1985 / 86
1986 / B7
1987 [ 88
1988 / 89
1989 / 90
1990 /. 91
1991 / 92
1992 / 93
1993 / 94
1994 / 95
1995 / 96
1996 / 97.
1997 / 98
1998 / 99
1999 / 00
2000 / 01
2001 / 02
2002 / 03
2003 / 04
2004 / 05
2005 / 06

Total

Population

(Mill)

12,178
12,502
12.834
13,176
13.526
13.886
14.256
14,635
15,024
15,424

15.834 .

16.255
16,687
17,131
17.587
18.055
18.535
19.028
19.534
20.054
20. 587
21.135 -
21.697
22.239

22,795

23.365
23,949
24,548
25.162
25.791
126,436
27,097
27.774
28.468

Growth

Rate

(%)

2,66
2.66
2,66
2.66 -
2.66
2.66
2.66
2.66
2,66
2,66
2.66
2,66
2.66
2.66
2,66
2,66
2.66
2.66
2.66
2.66
2.66
2.66
2,66
2.50
2.50
2.50
2,50
2.50
2.50
2,50
2,50
2.50
2,50
2,50



Table 2--13 Projection of Interconnected Peak Load

Fiscal Load Factor Peak Load (MW)
_Year (%) (1) (2)

1985 / 86 | 107 107
1986 / 87 50 122 122
1987 / 88 50 . 138 138
1988 / 89 T 50 ' 156 156
1989 / 90 50 176 176
1990 / 91 50 ' 194 194
1991 / 92 50 ' 215 215
1992 / 93 50 237 | 237
1993 / 94 50 261 261
1994 / 95 50 289 312
1995 / 96 50 305 328
1996 / 97 50 322 . 345.5.
1997 / 98 50 340 363
1998 / 99 50 359 " 382.5
1999 / 00 50 379  402.5
2000 / 01 50 400 423,5
2001 / 02 50 423 446
2002 / 03 50 446 470
2003 / 04 50 - 471 495, 5
2004 / 05 50 498 - 521
2005 / 06 50 526 549,

Note: (2) is obtained adding 23.5 MW to (1) for power
export after F.Y. 1994/95.



2.4.3

Examination Result

Comparison of the load demand forecast released by NEA in 1986 and
that induced from the trend method is shown in Fig. 2-5 (energy con-
sumption) and Fig. 2-6 (peak load). In twenty years from F.Y.
1985/86 to F.Y. 2005/06, the average gfowth rate of load demand
forecast by NEA is 8.3% while that estimated by trend method is 8.5%

showing no substantial difference between the two. Hence, the load

demand [orecast released by NEA will be judged to be reasonable.

The trend method_applied to cross-examination will not be adequate
for short term load forécast, while, the load demand forecast by NEA
is estimated on the basis of both the disaggregate and trend methods
enﬁancing high reliability, Tt is, therefore, considered appro—

priate to adopt the forecast released by NEA for the study,
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2.5 FElectric Power Development Program and Load Resources Balance

In order to examine the adequate deveiopment program 4as well as the’
optimum size of the Arun 3 project, load resources balance in kW and
kWwh is checked, based on the load demand forecast and the existing

electric power development program.

2.5.1 Development Program before Arun 3 Project

"According to the electric power development program prepared by NEA,
the implementation program of neéw projects before the Arun 3 project

is as shown in Table 2-1l4,

Table 2—14 Projected Generating Power Plants

R e Fetial st I

(Mw) () (Guh/yr)-
Existing INPS System 182.0 153.6 742
Kosi Canal Integration - 6.8 6.7 31.
Net Diesel Integration ._ 0.5 0.5 | i
Andhi Khola (Hydro) Nov. 1987 5.1 6.3 Ai
Marsyangdi (Hydro) Apr. 1989 69.0 73,9 | 312,
Total ' 263.4 241.0 1,128

2.5.2 Development Plan of Arun 3 Project
(1) Basic concept of development of Arun 3 project

The Arﬁn 3 project is being considered to be the top—réted'prod
ject &fter_the Marsyangdi hydropower project which iS-under.
construction., As observed in Figs., 2-7 and 2-8, it is reduired'
to coﬁmence thé ébmmercial opefation of thg'firstfbnit iniJuqe
1994 at tﬁe latest taking load resources balance 6f kW ahd kWh
into consideration. Hence, it is necessary to cafefﬁlly'éxa—--

mine the schedules of the succeeding detailed designs, access
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road construction as well as the construction of the powerplant

facilities in order to meet the above requirement,

The ‘Arun 3 project will surely be the key power station to cope
with the domestic load demand after the Marsyangdi'hydrepower
station and further, its economic superiority will appareatly
make great stride when the power export of large amount is
taken into Consideration. However, the total capacity of power
.supply system in Nepal is rather small at present and the power
1nterchange with the neighboring country is also on a small
séeie'with pre&eminant powetkimport Iﬁefefore, it will be
.1mportant to firstly complete all the necessary arrangement for
power export 1n the case of developing the pro;ect with power

exportr

In ‘view of the above, it is realistic to develop the Arun 3

project in two stages as described below.

(i) 1st stage scheme ... Develbpmenf of the optimum scheme to

meet the domestic power demand

(ii) 2nd stage scheme ... Upon completion of the necessary

arrangement for power export, deve-
lopment of the 2nd stage scheme

equal to the above

Development_scale

' As 'to the dévelopment scale of the Arun 3 project, it is desi-

rable to utilize the hydropower potential endowed thereto upou
careful studies of technical and economical aspects of the pro-

Aé'éneiyéed iﬁ:Chapter 7 the maxlmum 1nstalled capacity of the
project will be around 400 MW taklng the p0331b1e power export

in the futute inta c0n81derat10n.._



(3)

(4)

Capacity and Number of Unit

It is general tendency that economic aspect is'imprdved in pro-
portion to large-scale unlt size, while selection of

appropriate unit size 1s to be. made in. consideration of power

. system capacity, power demand growth, marginal supply capabi-

1ity, effect on existing power system operation and so forth.

In this study, the maxiﬁﬁm unit.capacitf df 20% of fhe totel
installed capacity is adopfed, though it is eomeﬁhat on large
side, taking into accbent the general tendencyeiﬁ countries
having shall total installed bapaciﬁy. | Sinee the total
installed capacity 1s counted to be 263 4 MW after completion
of the Harsyangdl project in 1989, the unit capaclty of the new
project equivalent to 20% of the total installed capaclty
including the new unit is calculated to be 66 MW approximately.

For selecting the optimum unit capacity,'the unified uvnit capa-

city is considered to be most benefitial in view of functions

in the system, simplified dimentions and layout, adaptable
operation and maintenance as ﬁell as project econbmy.3 While,
within the 1limit of maintaining adequate belanee hetween the
power supply system and the new power plant, the bigger uait
capacity is apparently more economical. As obviouely observed
in Chapter 8, no particular problems will be expected -from
teehnicalrviewpoint through the power system epaiyses.suCh as
Qower flow and system stability, hence,'1é'ie.judged-adeQuate.
to install six units of 67 MW each for the Arun 3 prpject;

Development scheduie

The Arun 3 project is to be developed basically to meet the
domestic poWer demand with the option of exporting the surplus

powers which may exceed the domestic demand.

As observed in Chapter’ 7 in detail, the optimum developmenf
scale meoting the domestic load demand {a Nepal only is 201 MW
{(unit Nos. 1, 2 and 3, 67 MW each) which 1s to be construeted.
.as the first stage scheme, The second stage scheme is 3150.201 _
MW (unit Nos. &4, 5 and 6, 67 MW each) which will be developed

with power export.



There will be another plén to.dévelop the Arun 3 project with
the total installed _capac1ty of 402 MW in single stage,
however, the most part of the generated power 1s to be trans-
mitted for power export due to small domestic power demand in
Nepal, This plan is considered not pracﬁical and eliminated
from examlnation in the feasibility study.

(1) Generating facilities
(a) 1st stage developmeht

‘The Arun 3. project 1is the key staﬁion in the power
supply system and a shutdown of a unit due to accident
or for maintenance purpose will greétly affect-oﬁ the
- ‘system operation. :Therefore, after completion of the
- unit No.l, the succeeding unit No.2 shall be completed
‘as soon as possible in order to keep the reliability
of the power supply system. After completion of the
unit No.l "and suceceeding wunit No.2 in June and
September 1994 respectively, the marginal supply capa—
bility at shutdown of a unit 1is approximately 22%
which is considered to be moderate for the NEA's power
supply system which mainly relies upon é few number of .
power statlons such as the Arun 3, the Marsyangdi and
the Kulekhani prbiects. Iﬁ'view of the above, it is
considered that two units shall be completed in
1994,

The developﬁent "schedule résﬁlting in adequate load
resources balance and the least surplus power will be
as shoﬁﬁ in Figs, 2-7 and 2-8. As observed in these
figures, the maximum power demand prevails over the
maximum energy demand for scheduling the development

programme,

The marginal-shbbly capability at the completion of
unit No. 3 is estimated to be approximately 8.6%,



(b) 2nd stage development

The development schedule of the second Stége.scheme
which takes power export into consideration is as

deseribed below,

The time of stérting commercial operation of unit No,
4 which is to be the first unit for pdwer export 1is
set at December 1998 that falls on completion year of
unit No. 3, giving four years for necessary arrange-
ment for power ekport after commencemént of construc-—
tion of the first stage scheme and further four years
for construction of the second stage scheme up to
completion .of unit No. 4 installation. Thereafter
units No. 5 and No, 6 are to be installed continuously
at intervals of three months. The surplus power gene-
rated at the Arun 3 powér plant ir excess of the
domestic power demand is to be exported and the amount
of power that can be exported will be gradually dec-
reased with the growth of domestic power demand. As
shown in Fig. 2~7, the maximum -and firm.capacities
available for power export in F.Y¥. 2001/02 is esti-
mated at 201 MW and 153 MW, respectively, '

Based on the ahbove consideration, the scheduled on-

line dates will be as shown below;

{1st stage scheme)
Unit No, 1 June 1994
Unit No. 2 September 1994
Unit No. 3 becémber.1998

(2nd stagé'éphemé)

' Unit No. 4 December 1998
Unit No. 5 March 1999
Unit No. 6 June 1999
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(11)

- Trnasmission line and substation facilities

The development séhedule of transmission line and substa~

tion.facilities is as described in detail in Chapter &,
and the peneral development plan worked out in coopera-

tion with. the above-mentioned development schedule of

'genérating facilities are as shown below,

(a} lst stage

Schedule ! (Jun. 1994)

{Transmission line)

Arun 3 P/S - Dubi 8/5 :
220 kv (120 km, 2 cct, 132 kV provisional

operation)

Dubi $/S - Dhalkebar $/Y :
220 k¥ (146 km, 1 cct, 132 kV provisional

operation)

Dhalkebar S/Y - New Kathmandu S/S :
220 kv (120 km, 1 cct, 132 kv provisional

operation)

A few piemises are made for wmaking provision of trans-—

mission line cost to be charged to the Arun 3 project.

- IQZVkV transmission lines comnecting the New Kath-
._ﬁéqdu‘S/s_and existing substations in Kathmandu are
4ta?en into account, namely, ! cct to Balaju 8/S and

1 cct td Siuchatar S/S, however, the cost therefor

1s not included in the study.

- At present,-transmission line of 132 kv, 1 cct bet-
' ween'theAHEtéﬁda S/S and the Dubl S/$§ 1s being ope-
rated, however, it is”ﬁéééiéary to comstruct addi-
tional 1 cct line by the Lime when unit No.l of the
V_Arun 3 is put in service, however, the ‘cost for this

-upgrading is not included in this study, because the



(b)

upgrading should be a part of original transmission
line expansion program by NEA and thereby it should

not be charged to the Arun 3 project.
(Substation and switchyard)

Dubi 5/S : Expansion of 220 RV 5/8% equipment

(137 kV provisional operation)

Dhalkebar S/Y : Expansion of 220 kV equipment
{132 kV provisional operation)

New Kathmandu S$/S: New installation of 220 kV
{132 kV provisional operation)
and 132 kv equipment

Schedule 2 (Sep. 1998)

{Transmission line)
Operation voltage is stepped up to 220 kv,
(Substation and switchyard}

Dubi §/S Expanéion of 220 kV equipment

.

(transfofmer, etc.)
(220 kY operation)

Dhalkebar §/Y

e

(220 kV operation)

o

New Kathmandu $/8 ‘Fxpausion of 220 kV equipment

(transformer, etc,)
(220 kV operation)

2nd stage

Schedule 3 (Dec. 1998)

{Transmission 1line)

Dubl S/S - Dhalkebar S/Y : _
220 kV (146 km, 1 cct, 220 kV operation)



2.6

Dhalkebar S/Y - New Kathmandu §/§

220 kv {120 km, 1 cct, 220 kV operation)

Dubi §/8 - Importing Country

220 kV (2 cct, Incremental cost for power

export 1is quoted up to the

between two countries,)
(Substation and switchyard)

Dubi §/8 ¢ Expansion of 220 kV
(for 1 cct outgoing

for power export)

Dhalkebar 8/Y : Expansion of 220 kV
(for 1 cct incoming
outgoing)

New Kathmandu S/S : Expansion of 220 kV

(for 1 cct incoming

transformer)

Necessity of Implementation of Arun 3 Project

As observed in the -above studies, the load resources in both kW and

kWh will balance up to F.Y. 1992/93 in the case that the NEA's deve-.

lopment plan will be proceeded as scheduled. However,'

pated that the supply capability of the total system will fall short
of the required peak load and energy in F.Y. 1993/94, and it is con-
sidered necessary to put the Arun 3 project in operation at this

stage, namely, the development of this project should be proceeded

aiming the first operation of unit No, 1 in June 1994,

boarder

equipment

and 2 cct

equipment

and 1 cct

equipment

and one

it is antici-
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