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PREFACE

In response to a request from His Majesty's Government of the Kingdom
of Nepal, the Government of Japan decided to conduct a basic design study on
Extension and Reinforcement of Power Transmission and Distribution Sysiem in
the Kathmandu Valley (Phase II) and entrusted the study to the Japan
International Cooperation Agency (JICA).

JICA sent to Nepal a study team headed by Mr. Hidetoshi Ishioka, First
Basic Design Study Division, Grant Aid Study and Design Department, JICA and
constituted by members of Nippon Koei Co., Ltd. from November 19 to
December 18, 1993,

The team held discussions with the officials concerned of the Government
of the Kingdom of Nepal, and conducted a field survey at the study area. After
the team returned to Japan, further studies were made. Then, a mission was sent
to Nepal in order to discuss a draft repoit, and as this result, the present rep'ort

was finalized.

1 hope that this report will contribute to the promotion of the project and fo

the enhancement of friendly relations between our two countries.

I wish to. éxpress my sincere appreciation to the officials concerned of His
Majesty's Government of the Kingdom of Nepal for their close cooperafion

extended to the teamns.

April, 1994

Kensnke Yanagiya
President
Japan International Cooperation Agency




April, 1994

Mr. Kensuke Yanagiya

President

Japan International Cooperation Agency
Tokyo, Japan

Letter of Transmittal

We are pleascd to submit to you the basic design study report on Extension
and Reinforcement of Power Transmission and Distribution System in the
Kathmandu Valley (Phase I1) in the Kingdom of Nepal.

This study was conducted by Nippon Koei Co., Ltd. under a contract to
JICA, during the period November 10, 1993 to April 20, 1994. In conducting
the study, we have examined the feasibility and rationale of the project with due
consideration to the present situation of Nepal and formulated the most
appropriate basic design for the project under Japan's grant aid scheme.

We wish to take this opportunity to express our sincere gratitude to the
officials concerned of JICA, the Ministry of Forcign Affairs, the Ministry of
International Trade and Industry, and the Nepalese Embassy in Tokyo.' We
would also like to express our deep gratitude to the officials concerned of the
Ministry of Water Resources of Nepal, the Nepal Electricity Authority, JICA
Kathmandu Office, and the Japanese Embassy in Kathmandu for their close
cooperation and assistance throughout our field survey.

.Finally, we hope that this report will contribute to further prorﬁotion of the
project.

Very truly yours,

VeI eN

Y. Sunagawa

Project Manager

Basic Design Study Team on

Extension and Reinforcement of

Power Transmission and Distribution
System in Kathmandu Valley (Phase II)
Nippon Koei Co., Ltd.

Tokyo, Japan
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SUMMARY

“The Killgdeln of Nepal is a landlocked cduntrv surrounded by Tibet to the north across the
- Himalayan Mountains and India to the east, west, and south. The area of the country is
) appxommately 147,200 km? and its populatxon is, according to the 1991 census, about
18.5 million. St'\tls‘ncs of the Nepal Electricity Authority (NEA) reveal the electrification
.mte of the whole country to be 9.1% against 68. ‘S% in the Kathmandu Valley where is the

obJectlve a_1ea of this Plo;ect.

- Four hydroelectric power stations as the Kuleh Khani No.1, Kuleh Khani No.2, Devigat
and Mm syancdl have been deveioped in the wunny under the financial assistance of the.
World Bank, Japan, India, Germany and others in 1980s. In addition, three pleects for
reinforcement and improvement of the powe1 trmmmssxon and distribution system in the
Kathmandu Valley were implemented under Japan's Grant Aid in the same decade. Asa
result of the 1mplementaf10n of the pro;ects power suppiy in the area has 1mproved
1ema1kab1y and become more rehable and stable. The powe: supp]y system in the valley,
howevea will f‘lCE seme problems like overloadmg, shortaﬂe of transformer cqpqclty,
,excesswe voltage drop on, the dlstnbutlon system, deterior ation of power supply 1ehab|l1ty,
ete., smce the power demand 18 growmg ata higher rate than was forecast in lhe.past.

-'Undel such cncumstances HIS Majestys Government of Nepal requested that the
" Government of ]’\pan conduct a- Maqtel “Plan Study and Fea31brhty Study on the
1 emfon(:ement and Improvement of the power transmission and distribution system inthe-
valley in 1990. The master plan study was conducted from October 1990 to M'nch 1991 by
the Japan Intematmnal Cooperatlon Agency (JICA) Further JICA p:oceeded to the
'Feamblhty Study from June 1991 to December 1991 to the facilities identified in the master _
~ planfor- the urgent 1ehab;]1tatton and extension. - The feasﬂ)lhty study tearn recommended the

© stage-wise pmject mlp!ementanon program of Phase—l and Phase It.

The Govemment of Nepal rcquested to the Govemment of Japan to extcnd the Japan's Grant
Aid for the pl()_]CCt The requested are given in Table-1 below

. On the baSls of these studies’ 1esults the Govemmen( of Nepal submltted a request for
o Japan s Gtant Aid for the PleBCt for extension and remforcement of the powe1 tmmmtssmn
and dlstubutmn systcm in the Kathmandu Va!ley

. In lesponse to the request the Govemmcat of Japan declded to conduct a Bamc Design
Study for the Project, and’J ICA d:spatched a Basic Dcswn Study Team to Nepal in J'mualy
1997 ' '



From the results of the Study, the Project was formulated in the phase wise implementation
and the components of the Project, Phase-1 and Phase-11 teqnested by the Govemmem of
Nepa] arc given in Table | below.

Table-1 _Project Components Requested by the Government of Ncod]

Componcnts o ‘ * Phase .

L. Augmentation'df 11kV cubicles at thé Royal Palace, Phase-1
O1d Patan, and Old Chabel switching stations

2. COHSUUCUOH of ll LV undergmund cablc laying Phﬁsé-_l

between the Lainchaur substation 'md K2 sw1tch1ng
station ‘

3. Reinforcement and improvement of the main 11 kV Phase-1
feeders '

4. Auvmcntation of a 132/66 k\/ nansformer at the Phase-Tl

Siuchatar substatlon
5. Construction of a new K3 'substati_on ' PR 'Phase—ﬂ_

6.  Extension and- 1emf01cement Of the 11 kV and low- - Phase-ll
tension distribution line ' '

7. Provision :oftools, instruments, 'an'd'v_ehiclés' for the _ ~ Phase-]1 & 11

operation and maintenance 'works

JICA on behalf of the Govemment of Japan d:spatched a Bas:c desmn Study team fm :

the Phase-1 pleeCt and the team formulated the Implementatlon program over two. '

years (Stage 1 and Stage-2). On the basis of the program, the Government of Japan
decided to extend the Grant Aid for the Phase-T project, and the Notes for the Grant
Aid to the project were exchangf’d between boih Govemments on July 16, 1993. The
phase-I project xs now 1n pzogress '

.'Succeedmgly, upon the rcquest from the Govemment of Nepal the Government of o
Japan decided to conduct the bas;c desngn study for the Phase- I pr0ject JICA
dispatched a Basic Design Study Team for the project to Nepﬂ! for 30 days from -
November 19 to December 18, 1993.

“ii-



Through the discussions with the NEA and the field investigation of the tcam, a part of
the original scheme was modified. The studied components of the whole project
including the Phase-1 and Phase-IT projects are'summarized in Table-2 below:

Table-2_Quiline of the Project

Components requested by ~ Components amended for implementation

the Government of Néptd . _ Phase-1 Phase-11 Total

1. Remforcement and improvement of 11 kV feedexs and low tension lines

t1kV Lines - _11_3.83 km 60 J5km  62.68 km*! 12343 km
400230V Lines  10656km- 39.20km  63.10km 10230 km
Transformers. 25925kVA - 80S0kVA 17,900 kVA 25950 kVA

*] :In(':lildil'i:g an additional request for the construction of a new feeder of Kingsway -

Cbmpmients requested 'byi the Government of Nepal ' Project Phase
2. Augmentationofa 132/66kY S Phase-11
transformer al the S:uchatar substanon '
3. Consnuct_lon of a K3 substation =~ -  defered
4. Pr'ocurémcnt of t_ools',l_iristmments and including an additional Phase-T & 1f
vehicles for the O/M works request for increasing
' ' the number of vehicles
_ e & tools
5. | Répléeement of the 11 kV s‘w.itchin'g'  additional request  Phase-I1
facilities at the Maharajcrunj switching -~ -~ ' :
statlon : _ _
6. .Proculemem of spaie parts _ additional request Phase-11
7. Construcuon of 11 kV underground : S 'Phase-_l: _
' cables between the Lamchaur subst'mon (in progress)
“and the K2 switching stalnon _ '
8. Replacement of the 11kV swrtchmg - _ | _ " Phase-1

';'famllues at Royal Palace, Old Patan, and ) S (in progicss)

Old Chabel switching stations -
Ju_d_ging'-f'ro;n the amount 'of w_mjk-_ for and construction period ‘Q'f the facilities, two -

construction periods areféédnmi(andé’d for the Project (Phase-1l), Stage-1 for cight
months and Stage-2 for eight and haif months.

-l -



Stage-1 (@  Replacement of the 11 Y switching facilities at thie
- Maharajgunj switching station
(b)  Reinforcement and improvement of the II KV feeders and-
low tension lines '
(o) Procmement of mamtenauce tools and vehrcles
(d) Procurement of spare parts '

Stzige—H (@) Augmentaﬁon ofa 132/66 kV tran_sfoﬂner at the Siuchatar
' substation o B
(B Reinforce’;nent and imp:l_‘ovemen:t of the remaining I_ll kv
feeder and low-tenSion:lines

It is estlmatecl ﬁom the power I'CCGld in 1992 that the maximum possxble output of the
existing generating facilities in the Nepal central power sysiem is 216 MW, The
present power demand in the system exceeds the maximum supply capfic:tty NEA
copes with the supply shortage by enforcement of the. scheduled reglon wise load

sheddmcr at the peak load time in the Kathmandu V'lliey '

The Government of Nepal has the development pfogi’zim of Kali Gandaki hydropower
project, Arun 11l hydropower project and others; Howevier, commiss_ioning'of all the
' projects is anticipated after 1999/2000. '

For more serious shoxtage of powe1 suppiy aftel 1996 NEA plans io install new
diesel-generator sets of GOMW in total and to lmport electricity from Indla dunno 1996 -
to 1998 However, the fundamental solut:on of the issue of power supply shortaoe-
will not-be solved until completlon of the Kali Gandaki hydxopower progcct

Undel such snuat]on reduction of the ptesent energy losses amountmo 2’%% of the
production is to give effects on solution of shoﬂage of the powe1 source.

The followmg improvements to the powel drstubutaon system are expected by
mlplementmg the Pro_]ect '

- Toi mue’tse power supply capamty and stablhze the opentwn of the system by

1eplaeement of the outdated facﬂltnes at the Maharajgum sthchmo station and
installing an additional transformer at the Siuchatar substation.

..-iV-



' - Toincrease power supply reliabi'lity with the separation of the service area by the

addition of new feeders.

- To reduce voltage drop and improve voltage regulation at the consumers’ end, and
“reduce energy losses by installing additional distribution transformers and

upgrading of conductor size.

- To reduce frequent trips of feeders by the adoption of insulated overhead cables and
underground cables. The cabling will also ensure the safety of inhabitants in the
densely populated'ar'eas';'and reduce ehergy piiferage.

- To develop the activities of the NEA's staff and engineers for the operation,
" maintenance, and erection works of the power system through the Project. .

Upon conclusron of the E/N on the plOJeCt between two Governments, a Japanese
' consultmg ﬁrm shall immediately conclude a contract with NEA for the Engineering
_Sewrces on preparatron of tendel documents, evaluation of tenders, assistance to
negotmtmn of NEA with'a successfui tender for -the contract and construction
supervision of the entxre works. While, NEA ‘as the executing agency of the project
will be 1csponsrble for negotratlon of contract wrth a Japanese consultant firm and
contractor, for obtaining all the necessary permission, negotiation with residents, and

all other woms necessary for the execution of the project.

-Althounh the: populatron in the Kathrmmdu Valley in 1991 was approxlmately 1.1
million, whrch was about 6% of the total populatron in Nepal, 47% of the total electric
.enercy was. consumed in this alea Therefore, the development of a distribution line in
the Kathmandu area wxll have a large effect on the whole country. Moreover, the
i completion of the Pxo;ect will srgmﬁcantly contribute to upgrading the livelihood of the
) rcsrdents in the Kathmandu Valley as well as developing tourism, industry, and the
-economic condltsons in the country, etc.. The experienced staff of NEA, developed
duung the prevrous three projects in the 1980s, will be a great help in making the

' PIOJGCI successful.

‘To secure the safety and proper operation of the power dlstrrbunon system, it is -
: recommended to make the frequent mspectron of the distribution lines and the

_ foiiowmg malnten_ance works periodically.



_Restontlon and mlnforcemem of the iniclined dlstubutlon line poleq with stay
wiires, f01 maintaining the specrﬁed clearance and tension of the conductors.

Adjustment of the sag of conducrors fm mamtammcr the spemf“ ied clearance an

tension of the Conductors

Adoptlon of the service wires of adequate size aoamst the consumers' powe!
demand f01 improvement of the voltage 1egulat20n at the consumers' end and

o reductlon of the ener: ay losses of the dlstnbutmn network.

EXL]USIOI’I of the illegal use of electricity ﬁom the low-tension lines, for reductlon :
‘of the enerﬂy Iosses of the distribution netwozk

Addpiioﬁ df the 'ldémiate'connectbrs fbr connection of the service wires, for

improvement of the voltage regulatlon at the c:onsumers end and Ieductlon of the
energy losses of the distribution network. '

Cutting and_tﬁliimin_g the trees dangerous to the distribution lines,

Repl'z:lcement of the damaged insulato_r_'s' fo_f lines conductors and st'ziy wires.

Restoration of the slackening stay wires.

The works mentioned above are an essential works of maintenance of the distribution

lines.

-vi-
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CHAPTER 1
INTRODUCTION

Electric power supply in the country was established in 1911 when the small Pharping
hydropower station commenced operation. Although the power supply system had been
expanded by construction of new power stations and power transmission and distribution
facilities, power supply in the country in the late 1970s to the early 1980s was in a very poor
condition. In order to improve the situation, hydropower development projects, such as
Devighat, Kulekhani .I, Kulekhani I1, and Marsyangdi were implemented under the financial
assistance of the International Development Agency (IDA) and foreign countries, such as
India, Japan, and Germany. Besides the hydropowef development, reinforcement of the
existing transmission and distribution system was also cenducted under three grant aid
projects of the Government of Japan in the 1980s. As a result of such development and
reinforcement, power Supply in the country has improved remarkably and become more
reliable and stable. The power supply system in the valley, however, will face some
problems soon, like overloading, shortage of transformer capacity, excessive voltage drop
on the distribution system, deterioration of power supply reliability, etc., since the system
demand is growing at a higher rate than forecast in the past.

Under such circumstances, His Majesty's Government of Nepal requested that the
Government of Japan conduct a Master Plan Study and Feasibility Study on the
reinforcement and improvement of the power transmission and distribution system in the
valley in 1990. The studies were conducted in two stages from September 1990 to March
1991 for the Master Plan Study, and from June 1991 to December 1991 for the Feasibility
Study on the urgently required transmission and distribution facilities identified in the Master
Plan, by the Japan International Cooperation Agency (JICA).

On the basis of the study results, the Government of Nepal requested Grant Aid from the
Government of Japan for extension and reinforcement of the power fransmission and

distribution system in the valley.

In response fo the official request of the Government of Nepal the Government of Japan
decided to conduct a Basic Design Study to examine the viability of the Project. JICA sent a
Basic Design Study Team in January 1992, to study and examine the following objectives of
the Project requested by the Government of Nepal: -

(1) Augmenation of switchgear equipment at the Royal Palace, Old Patan, and Old Chabel

switching stations.



(2) Construction of 11kV underground cables between the existing Lainchaur substation

and K2 switching station,
(3)  Rcinforcement and improvement of the 11kV main feeders in the Kathmandu Valley.
(4) Augmentation of a 132/66 kV transformer at the Siuchatar substation.
(5) Consiruction of a K3 substation in thé center of Kathmandu.
(6) Re.inforcement and improvement of the other 11kV feeders and low tension lines.
(7)  Supply of tools and vehicles for maintenance works.

From the results of the Study, the Project was formulated in the phase wise implementation
by order of priority. The Project Items: (1) Augmentation of a switching station, (2)
Construction of 1kY underground cables, (3) Reinforcement and Improvement of 11kV
main feeders, and supply of a part of item (7) Tools and vehicles, were implemented in 1993
and 1994 under the Grant Aid from the Government of Japan, as the Project, Phase-1.

Bésides, the Government of Nepal requested (o the Government of Japan for the Grant Aid
for implementation of the Project, Phase-I1 for the Items: (4) Augmentation of a 132/66 kV
transformer at the Siuchatar substation, (5) Construction of a K3 substation in the ce.nter. of
Kathmandu, (6) Reinforcement and improvement of the other 11kV feeders and low tension
lines, and (7) Supply of tools and vehicies for maintenance works.

In response to the official request, JICA dispatched a Basic Design Study Team to Nepal
headed by Mr. H. Ishioka, JICA for 30 days from November 19 to December 18, 1993.
The Team surveyed the Project area, collected relevant data and information for reviewing
the Basic Design, and discussed technical aspects of the Projec't with the officials of NEA,

the executing agency of the Project.

A list of the survey team members, survey schedule, parties concerned in the recipient
country, and minutes of discussions are given in Appendices 1-1, 1-2, 1-3, 1-4, and 1-5.

The Report includes conclusions and recommendations, a project evaluation, and an
implementation program based on the analysis of the results from the site investigation and
technical requirement of the Project, Phase-I1,
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CHAPTER 2
BACKGROUND TO THE PROJECT

2.1 Outline of Nepal

The Kingdom of Nepal is a landlocked country surrounded by Tibet to the north across the
Himalayan Mountains and India to the east, west, and south. The area of the country is
about 147,200 km?2.

Nepal is located between 26°22' and 30°27" north latitudes and between 80°04' and 80°12
east longitudes. The latitudes of Nepal are similar to those of the Okinawa islands of Japan.

Nepai lags 3 hours 15 minutes behind Japan.

The latest population census was p_erformed by the Central Bureau of Statistics from May to
July of 1991, and the total population was 18,462,081 (Growth rate: 2.08% p.a in the last
decade).

The Gross Domestic Product (GDP) of Nepal in 1991/92 was estimated to be 130.7 billion
Nepalese Rupees (NRs.) at the current price levels, which increased by .an annual growth
rate of about 4% during the years 1974/75 to 1991/92. In 1990/1991, per capita GDP was
estimated to be NRs, 5,704 at the current price Ievels and NRs. 6,933 in 1991/92.

The Gross National Product (GNP) in 1989/90 was NRs. 92.7 billion at the current price
levels and the figure for 1990/91 was estimated to be NRs. 107.4 biltion. Thus, it was
estimated that the country's GNP increased by 18.5% in 1990/91 compared to the previous
year 1989/90. The GDP grew at a rate of 7.2% per annum during the years 1974/75 to
1979/80 and this rate increased to 13.9% during the years 1979/80 to 1990/91.

Nepal is an agricultural country. The share of the agricultural sector was-about 53% of the
country's GDP in 1990/91 at the curtent price levels, and about 90% of the total population
was engaged in the sector. However, agricultuml production is still mainly dependent on
weather conditibns There is a great potential for increased agricultural production if the
dependence on the weather factor can be reduced through the better use of technology
suitable soil cond1t10ns which are acceptable to farmers, fertilization, and use of fertilizers.
The total amount of food gram production durmg the previous year was 5.9 miilion metric
tons while during 1990/91 the grain production was estimated to be 5.45 million metric tons

due to the adverse weather conditions.



Nepal is one of the most attractive countries for tourism in the world. It has beautiful natural
resources, such as snow peaks like Mt. Everest, green forests, lakes, and rivers. In addition
to the natural landscape, Nepal has historical monuments and a variety of ethnic religions
and cultures which are also important tourism resources. The number of tourist arrivals
amounted to 293,000 in 1991, approximately 60% for pleasure and 5% for business. The
total foreign exchange earning from the tourism sector amounted to about NRs. 2.9 billion

in 1991.

The total government expenditure in 1990/91 was NRs. 23.5 billion, an increase of 19.7%
over that of the previous year. The total revenue amounted to NRs. 9.1 billion which was
an increase 21.8% over the amount of the previous year. In 1979/80, the expenditure was
NRs. 3.5 billion and revenue was 2,7 billion expenditure increased 6.7 times and revenue
3.4 times. The expenditure exceeds the revenue every year, and the financial deficit
inevitably increased 18 times from NRs. 0.8 billion in 1979/80 to NRs. 14.4 billion in
1990/91. The greater part of the financial deficit was covered by foreign loans. The loan
amount had reached NRs. 5.7 billion in 1990/91.

2.2  Outline of the Power Sector
)] Energy Consumption in Nepal

The major sources of energy in Nepal are forests, organic matter, petroleum
products, hydroelectricity, and coal. Wind and solar power are also being used on a

small scale.

During 1989/90, energy consumption in Nepal was equivalent to 8.877 million
metric tons of coal, which increased to 9.148 million metric tons in 1990/91. Thus,
the energy consumption in 1990/91 showed an annual consumption increase of
3.06% over that of the previous year. The annual per capita energy consumption for
the country as a whole was estimated as equivalent to 505 kilograms of coal. 94.7%
of the total energy consumption was generated by traditional energy resources, like
fuelwood, agricultural residue, animal dung, and other biomass, and 5.3% was
supplied by the commeicial sector.

Although no oil, gas, and coal resources have been 'co:aﬁrmed,.Nepal is ‘one of the
richest countries in the world in respect to hydropower generation potentiai_. The
country has a hydropower potential of 83,000 MW of which only 238 MW.were
harnessed or 0.28% of the hydropower potential was htilized by the end of 1992.



@

Outline of NEA

The electricity industry in Nepal is managed by NEA, administratively organized

under the Ministry of Water Resources (MWR). NEA was established on August
15, 1985. NEA is responsible for the planning, construction, operation, and
maintenance of all generation, transmission, and distribution facilities in Nepal's
interconnected power system and principal isolated systems. The NEA's board
presently consists of 8 members, the Minister of Water Resources is the chairman
and the Managing Director of NEA is the member secretary. NEA has § directorates:
Finance and Administration, Planning, Engineering, Construction, Operation and
Maintenance, Rural Electrification, Arun-1II Hydroelectric Project, and Distribution

& Consumer Service.

The Distribution & Consumer Service Directorate (DCS) of NEA will be responsible
for executing the Project for extension and reinforcement of the power transmission
and distribution in the Kathmandu Valley.

Power Generating Facilities

The power generating facilities of NEA consist of hydro-, diesel, and solar power
plants, but it'is basically a hydro dominant system. The total installed capacity of the
power generating facilities in the country is 286.7 MW, of which 79.8%
(228.7 MW) is generated by hydropower plants as summarized below:

Type of Power Plant No. of Stations Installed Capacity
Major Hydropower 9-stations 228,650 kW (79.8%)
| S.mall.Hydropower 36-stations 10,513 kW (3.7%)
Diesel Power 9-stations 47,378 kW (16.5%)
'SOIar Power 3-stations 130kW (- %)
Total 57-stations - 286,671 kW

The solar powef plants have a capacity of 130 kW (3 sites) and are located in remote
mountainous areas. Most of the diesel power plants are not in operation due to the
lack of spare parts and outdated machines, only six power plants, including the
Morang multifuel power station which was completed in 1991, are presently
operating (36.4 MW),



In addition to the above existing power generating facilities, small and mini-
hydropower plants with an instatled capacity of 14.6 MW in total are under
construction. The details of the existing facilitics and facilities under construction are
given in Table 2.1, '

" Power Transmission Facilities

The present transmission line voltages employed in the country are 132 kV, 66 kV,
and 33 kV for the transmission lines, 11 kV and 3.3 kV for the high-tension lines,
and 400-230V for the low-tension lines of the distribution system.

With the completion of the Nepalgunj - Mahendranagar 132 kV transmission line
project in 1992, the transmission line from the eastern to the far western area of
Nepal was coniected to the Central Nepal Power System via 132 kV transmission
lines. The total length of the transmission lines and capacity of the substations are
summarized below:

Transmission Line Length Capacity of Substations

Voltage Length : Circuit Voltage Capacity
132kv 1,191 km single circuit 132/11 kV 285 MVA
66 kV 158km  double circuit 132/33 kv 145.0 MVA
66 kV 64km  single circuit : 132/66 kV 1028 MVA
BkV 1,196 km  single/double circuit 66/11 kV 1933 MVA
66/33 kV 12.5 MVA
132/33/11 kV 100 MVA

(3) Power Market
Power Supply and Demand

The historical records for generation, peak demand, sold energy, and line losses of
the interconnected system over the last 13 years are summarized below:



Power Supply and Demand of Nepal

Generation Peak Demand ~Sold Energy Losses

{GWh) MW) {GWh) (GWh) (%)
1980/81 2354 59.5 164.4 71.0 30.2
1981/82 275.2 75.1 186.4 88.8 323
1082/83 347.0 83.7 235.6 111.4 321
1983/84 382.4 96.8 2523 130.1 34.0
1984/85 420.8 104.5 293.0 127.8 30.4
1985/86 488.5 113.7 341.4 147.1 30.1
1986[8.? 571.0 123.0 402.6 168.4 29.5
1987/88 | 628.5 135.2 465.2 163.3 26.0
1988/89 672.3 149.5 496.2 176.1 26.2
1989/90 7718 176.2 547.5 2228 28.9
1990/91 902.3 204.0 664.6 2379 26.3
1991/92 081.1 216.0 737.4 2437 24.8
1992/93 963.3 214.0 733.8 229.5 22.8
Average Increase (%)
80/81 - 85/86 157 13.8 15.7 157
85/86 - 90/91 13.1 124 14.3 10.1

‘144 13.1 15.0 12.8

80/81 - 90/91

Note: (1)
2)
3}

Generation includes imports from oihf;r power systems
~ Sold energy includes exports to India
Losses = (Generation - Sold Energy)A{Generation)



Sold Enerey

The sold energy by consumer according to the tariff system is summarized below:

Sold Energy by Consumer

(GWh)
1087/88  1988/89  1989%/90 19%0/91 199192 Crowth (%)

Domestic 185.7 1933 2314 261.4 2752 10.5
Noncommercial 524 481 474 462 467 29
Commercial 254 308 337 36.7 452 157
Tndustrial 161.6 1752 1783 2069 2464 113
' Others 240 311 340 376 385 12.9
Export to India 16.1 176 233 806 854 700
Total 4652 4961  S480  669.4 © 7374 124

Electrification Ratio

The electrification rat.ios by area as of June 199! based on the 1991 census are as

follows:
Electrification Ratio by Area
| (Unit:_1000)
| Household Customer ~ Elect, Ratio
Nepal 3,345.1 304.9 9.1%
Eastern 8258 21.2 33%
Central 1,123.0 2113 | 18.8%
{Bagmati} 417.9 162.6 _ 38.9%
Western 691.8 421 0.2%
Mid-Western 417.2 10.2 - 24%
Far-Westemn 287.2 6.9 2.4%
Load Curve

The daily load curve of the interconnected system. on the second Wednesday of
January and August in the past three years is illustrated in Figure 2.2 together with
the generation by major power stations. As shown in the figure, there are two peak
times; the highest peak from 6:00 to 7:00 pm and a low peak around 8:00 am,
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(5)

A notable feature of power demand in Nepal is that the highest annual demand is
recorded in the winter when heating is required, and the summer peak demand is
about 70% to 80% of the winter peak demand. In the winter, the output of
hydropower stations, especially run-of-river type hydropower stations, decreases

because of the low discharge from rivers.

Demand Forecast

There are two power demand forecasts which were recently produced by foreign
consultants. One was produced by a French consultant under the Ten-Year
Transmission and Distribution Master Plan of IDA in 1989 and the other was
produced by JICA for the Master Plan Study on Extension and Reinforcement of the
Power Transmission and Distribution System in the Kathmandu Valley in 1990. An

outline of the demand forecasts are given below:

Power Demand Forecast

EDF Forecast HCA Forecast  Actual

GWh MW _GWh MW  GWh MW
1987/88 611 141 629 141
1988/89 656 150 | 672 150
1989/90 691 160 747 7 176
199001 739 169 798 182 006 204
1991792 811 186 881 200 981 216
1992/93 890 204 969 . 219 963 214
1995/96 1,176 260 1,319 293
2000/01 1910 436 2,134 462
2005/06 2,822 632 3207 681

Supply Forecast

Total possible output of the existing generating facilities in the country is 216 MW
against the total installed capacity of 287 MW.

As outlined in subsection 2.3, HMGN and NEA have develqpment programs of
several power schemes for increasing power generation of the country. Following is
the expected annual output in the country, taking account-of those new power

S0Urces.
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Year Project Possibie Output Total Quiput

(MW) MW)

1993/94 - 216.0 2160
1994/95  Renovation of Trisuii Hydroelectric Project 3.0 219.0
1995/96  New Jhimurk Hydroelectric Project 12.5 2315
Import from India 50.0 2815

1996/97 - New diesel power stations _ 30.0 3115
1997/98  New diesel power stations | 30.0 3415
1998/99 - - 341.5
1999/00 Kali Gandaki 'A' Hydroelectric Project 140.0 481.5
2000/01 Khimti Khola Hydroelectric Project 60.0 541.5
2001/02 - - 541.5
2002/03  Arun 1T Hydropower Project 201.0 7425
2003/04 - - 742.5
2004/05 - - 742.5

It is noted that the Modi Khola hydroelectric power project is also programmed to be
developed, but the commissioning year is unknown at the present.

(6)  Demand and Supply Balance

Following is the present and future power balance in the whole country obtained
from the demand forecast and supply balance discussed in the foregoing clauses.

HMGN and NEA program to develop various power schemes. However, as seen in.
the table, sug:h imbalance is forecasted not to solve till 1998/99 when the Kali
Gandaki power project would be commissioned. At the present, NEA is obliged to
enforce the scheduled load shedding in the Kathimandu Valley for the shortage of
power sources.



Forecasted New Project Possible Power Percentage

Demand (MW) Output Balance Shortage

{(MW) (MW) (MW) (%)
1993/94 24047 - : 216.0 -24.47 il
1994/95 264.74  3.0MW: Renovation of Trisuii 219.0 -45.74 21
1995/96 202.85  12.5MW: Jhimwk HEP

50.0MW: Import from India -11.35 4

1996/97 320.86  30.0MW: New diesel | 311.5 -9.36 3
1997798 351.54  30.0MW: New diesel 3415 -10.04 3
1998/99 385.15 - 3415 -43.65 13
1999/00 42196  140MW: Kali Gandaki-A HEP 481.5 59.54
2000/01 462.31 60.0MW: Khimti Khola HEP 541.5 76.19
2001/02 494 87 - 541.5 46.63
2002103 $36.15  201MW: Arun 11T HEP ' 742.5 206.35
2003/04 580.77 - 742.5 161.73
2004/05 620.00 ~ 742.5 113.50

Table-2.2 illustrates the above power balance.

Q)

Power System Operation

The mterconnected power system is controlled by the Load Dispatching Center
(LDC) in Kathmandu whlch was established in 1987 under the grant aid of Japan.

Conirol of the Power SUDD!Y

The hydropower stations which satisfy the most energy demand in the interconnected
power system are summarized in Table 2.1.. Among these hydropower stations,
only the Kulekhani power station has a substantial storage capacity and ail the others
are of the run-off-river type with only a pond capable of daily and/or hourly

regulation,

A detailed operation schedule for each power station has been established. The
power supply is controlled by LDC. To meet the variable energy demand, LDC
adjusts the outputs of the Kulekhani and Marsyangdi power stations, while other
power stations rup under maximum operation in proportion to the inflow of water

available to each station.



Control of the System V Itage -

The system voltage is managed to maintain the voltage of the 11 kV buses of the

substations and switching stations in the Kathmandu Valley within a range of
10.5 kV in peak times to 11.5 kV in off-peak times.

The system voltage is controlled by the manual operation of tap-changers on the main
transformers (132/66 kV and 66/11 kV) at each substation under the instruction of

LDC.

Switching Operation

The following are the principal operation rules for switching:

The switches on the 66 kV and 132 kV systems and on-off function of the

(@)
static capacitors and shunt reactors are operated under the instruction of LDC.

(b)  Switches for 11 kV or lower voltages are operated by the substation
operations.

(c) If load shedding is required or faults occur, the complete operation of the
switches is carried out under the instruction of LDC.

Repoiting

The following reports are periodically completed:

(a)

(b)

()

Supply data
A report is prepared daily by LDC and submitted to all the directors of NEA.
Maximum power

Maximum demand and the time on every feeder in each substation and
switching station are reported weekly to LDC by the respective stations.

Tripping

All gripping faults at substations and switching stations are reported to LDC
daily, and a summary is submitted monthly by the stations.
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2.3  Ouiline of the Related Development Scheﬁle

A new government was established after free elections among plural political parties. The
Eighth Five-Year Development Plan was started in 1992 under the new government, which
is mainly based on: (i) development of the stable economy, (ii) reduction of poverty, and

(ii1) equalization of regional differcnces.

The development of power sources are formulated for the power sector in Jhimurk
hydroelectric power project (HEP) (12.5MW)}, Kali Gandaki A HEP (140MW), and Arun
Il HEP (ZOiMW) at the public sector. Besides, the Khimti Khola HEP (60MW) and Modi
Khola HEP (14MW) are planned for development at the private sector.

On the other hand, the plan intends construction of a total of 405 km of transmission line
and reinforcement of distribution facilities, reduction of power and energy losses,
improvement of load management, electrification of 1,200 viilages, and development of
mini-hydro sites (5 sites with 3,260kW of capacity in total).

In the Kathmandu Valley the following projects have been implemented or are currently
being implemented under the assistance of IDA:

() Power Sector Efficiency Project (PSEP)'

IDA conducted the Power Sector Review (PSR) in 1937, Acc_ording to the
" recommendations of the review, the following studies (Cr. 1902-NEP)} were

accomplished: -
(a) Long-Run Marginal Cost and Tariff Study

“(b) Update of the Least Cost Generation Ex'pangion Plan
(© Ten-Year Transmission énd Distrib'ution Master Plan
(d) Rurat Electrification Ten-Year Master Plan

) Feasibility Study for Upgrading and Refurbishing the 35MW Trisuli-Devigat
Complex

To 'res_c')lve issues raised by the above-mentioned studies and to find adequate
measures to cover the shortage of power before completion of the Arum 111 HEP, the
Power Sector Efficiency Project was formulated.



(2)

Loss Reduction Program

The major purpose of the PSEP is to develop the following plans formulated in the
PSR.

(a) Repair and improvement with the supply of spare parts and maintenance
facilities for Trisuli, Devigat, and other hydroelectric power stations and

diesel-engine power stations.

(b) Reinforcement and improvement of the transmission and distribution line
facilities in the Kathmandu Valley.

{c) Provision of technical assistance and consulting services for improvement of
system management, personnel training, and collection of electricity charges
of NEA,

{dy  Supply of neceésary equipment to the NEA's headquarters and training

center.
(e) Implementation of the Marsyangdi Catchment Management Pilot Project.
{f) Energy management of the major industries.

The total annual system energy loss from 1985/86 to 1989/90 reached 32% of the
gross generation. Such a high system loss has been a critical factor affecting the
NEA’s operational and financial performance. The technical and nontechnical losses
account for 50% cach of the total loss. The technical loss is mainly caused by the
overloading of transfo_i‘mers, overextended distribution lines, inadequate service drop
wires to customers, low load factor, and improper plan for the distribution network.
While, improper bil]ing, illegal connections, and incorrect metering are the primary
causes of the nontechnical loss.

Under such circumstances, IDA provided finance for the L.oss Reduction Program . -
(LRP), and conducted the Phase-1 study for loss reduction in the Kathmandu Valley
in 1986. The study recommended the stepwise implementatioh program for loss
reduction over a S-year period. Under the same assistance of IDA (Phase-2), the
first 2-year program for the LRP was implemented and completed at the beginning of
1992,

The Phase-3 program has been formu].ated to continue the same imp]einéntation of
the Phase-2 program and extend the program over the whole country. Although the
Phase-3 program was to be conducted within the framework of the PSEP, its
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2.4

(1

purpose was not agreed on in the negotiations held in Washington from April 29 to
May 3, 1991. Finally, the Phase-3 program is now implemented under the fund
balance of the Marsyangdi hydroelectric power project.

Outline of the Request
Baékgrohnd to the Request

Such major hydropower plans as Devigat, Kulekhani I, Kulekhani 1. and
Marsyangdi were constructed in the 1980s under the financial assistance received
from Germany, IDA, India, and Japan, and besides these developments, the
reinforcement of the power transmission and distribution system in the Kathmandu
Valley was also 'implemented under three Grant Aids from the government of Japan.
The reinforcement program of the transmission and d.istribution system resulted in
remarkable improvement of the system. The power demand in the valley is still
growing at a higher rate than the previous demand forecast, which will soen lead to a
shortage of transformer capacities as well as remarkable declination of the system
voltage regulation and stable power supply. In response to the official request of
HMGN, the government of Japan formulated, in 1990, the Master Plan for the
extension and reinforcement of the power transhission and distribution system in the
valley and conducted the Feasibility St.u_dy for the Project in 1991. In the studies, the
following project components were recommended to develop through two phase

implementation:

(a) Reinforcément of 11kV switching station,

(b) Augmentation of 1 1kV underground cable Iiﬁés,
{¢) = Reinforcement of 11kV trunk lines,

(d) Augmentation of a 66kV substation,

(e} Reinforcement of 132kV transformers, and

{f) Reinforcement of 11kV and low-tension lines.

On the basis of the recommendation, HMGN requested in December 1991 that GOJ
implement the components ranked as high priority in the studies. In response to the
official request, GOJ t'hro'ugh JICA conducted the Basic Design Study on the
exténsion and reinforcement of the facilities for Phase-1 formulated in the above-
mentioned study, and impiemeﬁtcd the Project in 1992 and 1993.
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(2)

(3)

4)

GOJ dispatched a study team to Nepal for 30 days from November 19 to December
18, 1993 for the basic design of the Project formulated as Phase-11. The Study Team
conducted an investigation of the present situation, survey of the sites of the
substation/switchyard/distribution line routes concerned, examination of NEA's
maintenance and management of facilities, study on issues of the system after
implementation of Phase-1, collection of necessary materials for planning Phase-11,
and held discussions with NEA.

Executing Agency

The executing agency of the Project is NEA. DCS of NEA is responsible for the
successful execution of the Project. For this purpose, a separate "Project Office”

~ will be established under the Directorate in order to carry out the necessary measures

for smooth implementation of the Project.

Administration of the Project

For executing the Projéct, NEA intends to employ a consultant for the following

works:

Detailed design of the facilities;
- Preparation of tender documents;
- Bvaluation of tenders;

- Checking and approval of the contractor's design, surveys, specifications, and

drawings;
- Factory inspection before shipment;
- Assisting NEA in managing the implementatioh of the iject;
- Construction supervision;
- Other supervisory work for implementing the Project;
- Commissioning test and preparation of various réports for the Project

Expected Benefit of the Project

(a) Population that will benefit divectly from the Project

A population of around 956,000 living in the Kathmandu, Lalitpur, and
Bhaktapur areas, which is equivalent to 5% of the National population, will
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(b)

(©)

(d)

directly benefit from the implementation of the Project, owing to the qualified
power supply and further electrification.

Population that will benefit indirectly from the Project

The reduction of energy losses in the valléy system, which consumes 46% of
the total energy in the country, will contribute to the NEA revenue earning
and power supply situation outside the valley. The effective utilization of
energy to be improved under the Project will cause a reduction in the
consumption of fuelwoods leading to conservation of the natural
environment. The indirect population which will benefit from the Project will

~be, in this respect, the total national population.

Area that will benefit from the Project

The anticipated area is about 900 km? covering Kathmandu, Lalitpur, and

Bhaktapur districts.

Economic and sacial effects of the Project

(a) Effective utilization of generated energy due to the qualified energ

and reduction of energy losses,

()  Acceleration of industrialization due to the reinforced and improved

networks,

(c) Satisfaction of customers' requirerent for a qualified energy supply

and increase of energy consumption,

(d)  Saving of fuelwoods and imported energy due to the utilization of
energy saved from the reduction of electric energy losses,

(e) Reduction of the NEA's O/M costs due to reinforced and renovated

facilities,

)] Improvement of the NEA's financial state due to the reduction of

energy losses and O/M costs, and

(g) Increase in the standard of living of people’s owing to the
improvement of the quality of supply.
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‘Table 2.1 Existing Generating Equipment

(As of end/1993)
Unit  Unit  Installed  Datein , ..
Power Plant Nos. Capacity  Capacity Service Region Remarks
kW) (kW)
A, Major Hydropower Plants

1) Existing Pl‘ams

1. Panauti -3 800 2,400 1963/64 Central
- 2. Trisali 7 3,000 21,000 1962/10 Central  Only 6-units operating
3. Sunkosi 3 3,350 10,050 1973 Central
4. Gandak 3 5,000 15,000 1979 Western
5. Kulekhani No.1 2 30000 60,000 1982 Central
6. Devighat 3 4,700 14,100 1984 Central  In tandem with Trisuli
7.  Kulekhani No.2 2 16,000 32,000 1986 Central *  In tandem with K1-1
8. Marsyangdi 3 23,000 69,000 - 1990 Westermn
9.  Andhi Khola 2 2,550 5,100 91/06/02  Westem
Total 28 228,650

2)  Under Construction

1. Jhimrok Pivthan 3 4,000 12,000 {1994) Western

B. Integrated Small Hydropower Flants
1) Existing Plants

1. Sundarijal 2 320 640 Central
2. Phewa (Pokhara) q 272 1,088 66769 Western
3. Seti - 3 500 . 1,500 - 1985 Western
4.  Butwal (Tinau) 3 - 1,024 1974 Western
5. Surkhet 1 345 345

- Total 13 4,597

C.  Isolated Small Hydropower Plants _
i) Existing 10,513 36 stations

2)  Under Construction : 4,725 7 stations

D.  Diesel Plants

1. Hetauda - 14,450 Central
2. Morang(B.nagar) 4 6,500 26,000 1991 Eastern
3. Others - 6,928 _
Total 4 47,378
E.  Solar Power Plants : 130 3 sites

Remark : Kulekhani No.l and No.2 share a common'hydraulic system and can only be operated in tandem
as a (30+16) = 46 MW unit. Similarly, unit outage at Trisuli requires reduction at Devighat,
Sources ;. NEA's information and 1992/93 Annual Repori



Table 2.2 Future Power Balance
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CHAPTER 3
OUTLINE OF THE PROJECT SITE

3.1 Location and Sociceconomic Situation of the Project Area

The project area, in the Kathimandu Valley extendeds slightly to the east from the center of
the country and lics at the north latitude 27°42' and east longitude 150°18', and is
surrounded by the Himalayan Mountains. Kathmandu, the capital of the country is situated
between the Bagmati and Bisnumati rivers in the valley. The valley covering 899 km? is
administratively divided into 3 areas, Kathmandu, Lalitpur, and Bhaktapur. Lalitpur and
Bhaktapur are situated to the south and east of Kathmandu town, respectively. The
‘population of the valley is approximately 1.1 million, about 6% of the total population of the
country according to the results of the national census in 1991.

Kathmandu is the biggest town in the country and has prospered as the center of politics,
administration, economy, finance, culture, etc. since the medieval times. The king's palace
is located in the center of the town, wherefrom radial roads extend. Kathmandu has an
international ﬁirport and regular air services connect Thailand, Singapore, Hong Kong,
" Bangladesh, India, and Germany. Commercial activity in Kathmandu is in the form of

shops, hotels, and lodges for tourists.

About 75% of the total population in the valley is engaged in the agricultural sector, and the
populations engaged in the industrial and commercial sectors in the area are 17.3% and
18.8%, respectively, of that in the whole country.

3.2 Natural Conditions

The climate of the country varies from region to region. However, the Kathmandu Vailey
situated at an altitude of 1,300 m has a very pleasant and moderate climate. The air
temperature in the valley varied between -3.5°C and 34°C over the last 11 years (1976 -
1986), and the mean annual air temperature was 17.4°C to 18.5°C during that period. The
minimum air temperature is usually recorded during January and the maximum during June,

The terriperatures recorded at the observatory station at Kathmandu airport from 1976 to
1986 and in 1992 are summarized below:



1976 - 1986 1992

Maximum air eMPEIAILE .......cveerrrrrerrereeiireesiiresnss 34.0°C 33.0°C
Minimum air teMperatire ..........oooeeviiiiineiiiiiiveeerrannnn. -3.5°C -2.0°C
Mean monthly air temperature highest............................ 24.4°C 24.0°C
' AVEIAZE ooeeververiiieneeannnriins 18.0°C 17.0°C

lowest ......oovviiininins 11.7°C 10.0°C

The humidity in the Vailey is not very high and relative humidity varies from about 40% in
April to about 85% in August. The records (1976 to 1986) of the station show that the
a#eragc annual rainfall is 1,420 mm and 80% to 90% of the rainfall is concentrated in the
period from May to September.

3..3 Social Environment

The urban areas of Kathmandu and Lalitpur districts are surrounded by an asphalt-paved
highway called the "Ring Road". Main roads in the urban areas are wide and asphalted, but
other roads are rather narrow and graveled. A trolley-bus system constructed under
assistance from China is used as the main traffic syétem in the town, besides buses and

taxies.

Overseas telephone communications and facsimile services in Kathmandu have direct dialing
access. The water supply system in the Kathmandu area has deteriorated and its function
has been lowered, but the system is now beirig rehabilitated and extended under the grant aid
of Japan, |

People in the valley enjoy one government television program and programs from India and
Hong Kong through a satellite station.

3.4 Power Sector in the Project Area
3.4.1 Power Supply System in Kathmandu Valley

Power is supplied to the Kathmandu Valley from the Marsyandi and Kulekhani power
stations through 132 kV transmission lines and from the Kulekhani I, Trisuli, Devigat, and
Sunkosi power stations through 66 kV transmission lines, The power delivered ihroilgh the
132 kV transmission lines is stepped down to 66 kV at the Suichatar -and Balaju
substations, and therefrom delivered to distribution substations in the town by 66 kV

transimission lines.



The following 6 distribution substations (66/11 kV) are operated in the Kathmandu area.
All the other substations other than the New Patan substation are located in Kathmandu

towrn.
{a) Balajiz substation. 2000 MVA 2x 10MVA)
(b) Lainchaur substation 20,0 MVA 2 x I0MVA)
() New Chabel substation 18.9 MVA (3 x63MVA) |
(d) Suichatar substation 36.0 MVA {(Zx 18 MVA)
(e) New Patan substation 36.0 MVA (2x 18 MVA)
O Baneswar substation 180 MVA (1 x 18 MVA)

The Lainchaur and Balaju substations are provided with the latest Gas Insulated Switchgear
(GIS), while the other substations have conventional outdoor switchgear. The Sunkosi
feeder from the New Patan substation has very old-fashioned switchgear.

3.4.2 Distribution Facilities

The power stepped-down to the distribution line voltage of 11 kV at the above-mentioned
substations is delivered to the end customers through the Ring Main system - switching
stations - 11 kV distribution lines - pole transformers - low-tension distribution lines.

(1)  Ring Main system

The Ring Main system has delivered reliable power to Kathmandu city center since
the 1960s. The system consists of 11 kV double circuits of Aluminium Conductor
Steel Reinforced (ACSR) 200 mm? lines and several switching stations. From these
switching stations in the system and distribution substations, 11 kV primary
distribution lines are extended for power supply to consumers on low-tension lines
through'11 kV/400-230V pole mounted transformers. The power supply system in
the Kathmandu Valley involving the Ring Main is illustrated in Figure 3.1, and
details of the 11 kV Ring Main lines are summarized in Table 3.1.

2) Switchihg stations

There are 9 switching stations in the Kathmandu Valley as shown in Figure 3.1. The
details of the 11 kV switchgear installed in the substations and switching stations are
given in Table 3.2.

3) 11 kV distribution lines

The existing distribution lines consist of overhead lines and underground cable lines.
Such various types of supports as wooden poles, steel tubes, concrete poles, or rails
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| _are used for supporting various kinds of conductors on the overhead lines. Most of
the underground cables have been used for over 15 years, and the old oil-filled paper
power cables are operated in a seriously deteriorated condition and should be
urgently replaced. The existing 11 kV lines extend on 58 feeders over 603 km in
total. The following table shows the region wise ling length, capacity of the pole-
mounted transformers and low-tension lines in the Kathmandu Valley as of 1992,

Distribution Facilities in the Valley

. KIM KM KM Lalitpur Bhaktapur  Total

Center © West East
{a) 11 kV Line
- Overhead (km) 41.8 158.8 128.7 139.7 100.2 569.2
- Underground (km) 14.4 3.6 6.9 64 2.5 33.8
Total (km) 562 1624 1356 1461 1027  603.0
(b) Transformers (11/0.4 - 0.23 kV)
- No. of units 453 324 225 306 184 1,492
- Capacity (MVA) 32.0 42.8 30.8 433 27.1 226.0
(¢} Low-tension Line
- Overhead (km) 272.0 4147 2788 5343 226.1  1,713.8
- Underground {(km} n.a. 42 24.1 2.0 - 200
Total (km) 272.0 4189 302.9 536.3 226.1 1,742.8

Source: NEA

The 1 kV disiribution lines are networked in radial form. Most of the lines are of
the 3-phase, 3-wire type. The distribution lines into high load-density areas are
connected with plural substations or switching stations. The Power is normally
supplied from a particular substation or switching station under the off-condition of
switches on the lines. Under non;supply conditions form one source, power is to be
supplied by another source due to the switch operation on the lines.

The city center where overhead lines are not located due to the extremely narrow
spac'e is supplied with power by underground cables. The switching-over of the
power supply of the underground cable system is generally performed by the bus
arrangement on supports for pole mounted transformers, but oil switches were also
partially introduced in the underground cable system for this purpose.

The average feeder length in the urban areas is several kilometers, while that in the

suburbs reaches dozens of kilometers,



)

)

3.5

Distribution transformers

The distribution transformers (11 k7400 - 230V) installed in the valley as of 1993
numbered 1,492 units with a 226 MVA capacity. The unit capacity of the
transformers ranges from 5 kVA to 1,000 RVA, and the majority are 250 kVA in the
urban areas, 100 kVA in the city areas, and 50 kVA in the rural areas. All the larger
transformers arc of the three-phase type, but some transformers installed in the
remote rural areas are of the small capacity single-phase type for supply of the

lighting load only.

The primary side of distribution transformers is generally protected by switches with
fuses. The power is delivered form pole-mounted transformers to low-tension lines
through distribution circuit breakers, while such delivery in some areas is conducted
without any breakers. The Bhaktapur area is a center of tourism for many‘ historical
temples and buildings, but the natural environment is maintained by the installation
of distribution transformers enclosed in the ground-cubicles and underground cables.

Low-tension distribution network

The low-tension distribution network lfrom the distribution transformers supplics
power to low-tension customers through a 400/230V, three-phase, four-wire system
of overhead lines in the radial network. In urban areas, most of the distribution lines

have wires for street lighting on the same supports.

ACSR conductors of various sizes are used for trunk lines. Insulated wires and
aerial bundled cables also use supports and/or are attached to the walls of buildings
in some areas of the city center that are densely populated and congested with houses

and buildings along narrow roads.

Power Demand in the Kathmandu Valley

The number of customers and electric energy sold in 1991/92 by area and demand sector are

given below:



Customers and Sold Enerey in the Kathmandy Valley

Nepal : .- Kathmandu
Kathmandu Lalitpur Bhaktapur Total

Number of Customers

- Restdential 369,931 96,913 . 33,713 23,273 153,899 (42%)
- Commecial & Non- 8,023 1,198 263 166 1,627 (20%)

Commercial _ S

- Industrial 9,935 1,895 620 467 2,982 (30%)
- Others 1,637 188 17 23 218 (13%)
Total 389,526 100,184 34,613 23,929 158,726 (41%)
Sold Energy (MWh)

- Residential . 259,833 115,094 25,671 9,123 149,888 (58%)

- Commecial & Non- 94701 52,249 7,244 1,780 61,273 (65%)
Commercial ’

- Industnal 273,752 41,401 13,576 5,569 60,546 (22%)

- Others 81,099_ 10,437 625 1,720 12,782 (16%)
Total 709,385 219,181 47,116 18,192 284,489 (40%)

Remarks: (1) "Nepal” excludes export to India
' (2) Percent in ( ) shows the ratio against "Nepal”

3.6 Power Demand Forecaét

A demand forecast worked out in the master plan study for the extension and reinforcement
of the power transmission and distribution in the Kathmandu Valley by JICA in 1990 is the
only current demand forecast availabie for the area. The results are as follows:

Demand Forecast of the Kathmandu Valley

1989/90 1995/96 2000/01
_Area GWh MW GWh MW GWh MW
Kathmandu Central 118.2 398 1734 5277 2489 69.8
Kathmandu Western 334 112 716 217 1331 374
Kathmandu Eastern 41.8 i4.] 87.8 26.7  161.2 45.3
Lalitpur 42,0 141 732 222 1194 434
Bhaktapur 14.7 49 304 9.2 667 156

Total 250.1 84.1 4364 1325 7183 2115
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Operation and Maintenance of the Power Facilities in Valley
Generating/transmission line/substation facilities

The O/M burean of NEA has 4 divisions: generation, system operation, transmission

network, and engineering.

The transmission network division has a further 3 regional offices: Bagmati, eastern,
and western regional offices. Each office is responsible for O/M of the transmission

lines and substations in the respective regions.
Distribution facilities

The distribution facilities and services bureau in the Kathmandu Valley are managed
by Kathmandu and Lalitpur/Bhaktapur/Kavre divisions. Each division controls the
following branch offices:

(a) Kathmandu division office

i) Kathmandu_ eastern branch office
(i)  Kathmandu central branch office
(i)  Kathmandu western branch office
(iv)  Rasuwa/Nuwakot branch office

(b) Lalitpur and Bhaktapur/Kavre division office

6 Lalitpur branch office

(i) Bhaktapur branch office

(iii)  Kavre branch office

(iv)  Sindhw/Dolakha branch office

Upon completion of construction, the distribution facilities are transferred to the
regional offices and maintained by the branch offices and/or units. The branch
offices used to manage large scale maintenance and rehabilitation and the installation
of service drop wires to customers. The construction of small-scale distribution lines
and maintenance of the distribution facilities in the area are managed by each branch
office. The units used to be responsible for only metering and the collection of

revenuc.






Table 3.1 ° Existing 11 kV Ring Main System

11kV Line Circuit Voltage Length  Conductor
No. (From) (To) (kv) (km) Size

1 Balaja Maharajgunj SC 11 4.5 0.2sq.in

2 Balaju 0Old Chabel SC 11 9.0 0.2 5q. in

3  Teku Thapathali  DC (UGC) 11 1.7 200 sq. mm

4  Balaju Teku bC 11 38 0.2 sq. in

5 Teku Siuchatar DC 11 2.5 0.2 sq. in

6 Teku N. Patan DC 11 4.5 0.2 sq. in

7  New Patan K-2 DC 11 4.8 0.2sq.1n

8 K-2 R. Palace SC (UGC) i1 1.0 240 sg. mm

9 K-2 Lainchaur SC (UGC) i1 17 240 sq. mm
10 Lainchaur R. Palace SC (UGG 11 0.7 240 sq. mm
11 Mahargjgunj Old Chabel SC 11 2.7 . 0.2 5q.in
12 Old Chabel  N. Chabel DC 11 1.0 0.2sq.in
13 N, Chabel Bhaktapur DC 11 9.6 0.2 sq. in
14  Bhakiapur Thimi DC 11 3.2 0.2sq.in
15 Thimi New Patan DC 11 7.9 0.2sq. in
16 Old Patan N. Patan DC (Cable) 11 005 0.1 sq. in

Source :NEA .
Remarks : UGC = Underground power cables

SC = Single circuit
DC = Double circuit
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CHAPTER 4
OUTLINE OF THE PROJECT

Project Objectives

- Kathmandu is the capital of the country and almost 46% of the total generated energy in the

country was sold in the Kathmandu Valley. Thus, most of the demand and electricity in the
country are concentrated in the valley. The power demand in the valley is growing at a
higher rate than was forecast in the past, therefore, the power supply system will face
problems, such as over-ioading, excessive voltage drop and high energy losses on the

distribution system, deterioration of power supply reliability, etc.

The Project has the following short-, medium-, and long-term objectives:

(N Short-ternm: objectives

(2)

(@)

(b}
(©)

(d)

* Increase of the system capacity to meet the current demands and growing

demands in the valley power system.
Replacemenf of the deteriorated facilities to increase power supply.

Improvement of the voltage regulation of 11 kV feeders and low-tension

lines to supply standard quality energy to customers.

Reduction of the current encrgy losses for saving valuable indigenous energy
and effective utilization of the existing power facilities.

Medium and long-term objectives

(a)

(b)

(c)

(d)

Maintaining of the power supply reliability of the facilities implemented under
the Project without further reinforcement in the near future.

Provision of sufficient capacity for the new facilities purchased ander the

Project for the growing demands.

Keeping the feeders and lines augmented with adequate facilities, under the

Project, to lower energy losses.

Excellent maintenance works of the system facilities by the NEA's staff

trained under the Project.



‘The Project aims not only to support the economic activities of Kathmandu, but also to
contribute to the betterment of living standards and the increase in employment opportunitics
in the industrial sector through stable and reliable power supply. It will also improve cost
efficiency by reducing system losses and O/M costs by reinforcement of the power
transmission and distribution facilities which need urgent countermeasures.

4.2 Examination of the Request
4.2.1 Necessity and Appropriateness of the Project

The following current issues pointed out in the Master Plan Study in 1992 were re-examined
and confirmed by the Basic Design Study Team.,

{(a) Urgent rehabilitation of the existing power facilities, in particular, generating

facilities in order to meet the growing demand.

(b) Construction of generating facilities together with transmission lines and
substation facilities in order to meet the growing demand.

(©) Improvement of the electrification ratio in the rural region.
(d)  Reduction of the energy losses of the distribution networks.
(e) Improirement of the power supply reliability.

Improvement and reinforc'ement of some of the issues of items (a), (b), and (c¢) are under
planning and/or implementation under the assistance of IDA and ADB (refer to Subsection
4.2.2).

While, the JICA Project aims m'ainly to cover the issues of the above items (d) and (e).

The necessity and appropriateness of the Project have been examined and confirmed in this
study stage by the team in détail through a series of discussions with officials of the
Government of Nepal and NEA, detailed site investigation, and analysis in Japan, The
findings are as follows: ' '

(a) Most of the 11 kV feeders cover commbnly both the urban and rural areas.
However, consumers in rural areas are facing excessive voltage drops due to
long lines. Those in urban areas are facing frequent power supply outages
due to line faults caused in the rural areas. An effective countermeasure is to
separate the power supply into urban and rural areas by ad.ding another new
line feeder, as planned in the Project.

4-2



(b)

(¢}

(d)

Construction of exclusive-use feeders to the rural consumers will improve the
excessive voltage drops at the consumers’ end in the rural areas because of
less load current of the urban consumers. While, other exclusive feeders to
the urban consumers will reduce supply outages due to lessened line faults

caused by the rural areas.

Thus, additions of new feeders are recommended for improvement of voltage

drops and supply outages.

In order to reduce the fredueﬂcy of circuit breaker tripping, which is the main
cause of short circuits and ]ine-to—g’mund faults when using bare conductors,
insutated cables will be adopted for both the 11 kV and low-tension lines
under the Project. Short circuit faults are caused by mutual contact of bare
conductors, while line-to-ground faults are mostly caused by tree contact to
the bare conductors. Accordingly, application of insulated cables to overhead
lines will ensure remarkable reduction of short circuits and line-to-ground
faults of the lines compai‘ing with bare conductors.

Applications of insulated cables are, thus, an effective measure to improve
the present supply rcliability. Insulated cables are also effective in
lengthening the life of circuit breakers and minimizing the maintenance cost

of clearing a right-of-way.

At the end of 1993, the main transformer at the Si'uchatar substation was
loading about 78% of the rated capacity under the condition of load shedding
in the peak power demand time. If the transformer operates under the normal
supply condition, it is supposed to overload. Besides, from the power flow
analysis on the power system in the Kathmandu Valley,_ the estimated load on
the transformer will exceed the rated transformer capacity in 1995/96.

In order to avoid the overloading of the transformer, an additional
transformer is necessary to be installed for proper operation of electrical

equipment in the substation,

The power demand of the service area of the Maharajgunj 11 kV switching
station has been rapidly growing in recent years. However, the facilities at
the switchihg station ‘have never béen renovated or expanded since its
commissioning in 1969. The existing facilities have been superannuated

- beyond their service lives. At present, genuine spare patts for repair of the

facilities are not available because the facilities consist of old models.
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Unless improvement would be done, the function of the substation will
shortly be suspended, and also stable supply of power to the customers will

not be continued.

The facilities in the switching station should therefore be replaced with new
facilities for proper operation of the station, and additional feeders should be
provided in order to meet the growing demand and produce stable operation

of the system.

Reliable contractors for erection of the power transmission and disiribution
system are not easily found in Nepal, and most daily extension and
rchabilitation works on the system are carried out by NEA. Therefore, it is
recommended that both the supply -and erection of the facilities to be
implemented under the Project would be carried out by a Japanese

Contractor.

About 68% of the total population, 1.1 million, in the Kathmandu Valley
enjoys electricity supply, including many government offices, banks, foreigxi_
agencies, hotels, etc. Itis expectéd that a greater percentage of the population
will enjoy electricity supply if the Project is executed. Implementation of the
Project will have a great effect on the economic stability in the whole country.

4.2.2 Related Similar Projects

The following projects for the reinforcement and upgrading of the existing power
transmission and distribution system in the Kathmandu Valley are in progress with financial

assistance from international organizations and foreign governments:

(M

Power Sector Efficiency Project (PSEP)

The project aims to increase the NEA's effective power supply capacity by
improving the technical and operational efficiency, upgrading the existing generation

capacity, and improving the system load factor. The project is composed of several

compornents, some of the major ones are described below:

(&)

Rehabilitation of the Trisuli - Devighat Hydropower Stations

The project aims essentially to refurbish the civil and electromechanical
aspects of the Trisuli hydropower station, established 26 years ago, and
Devighat hydropower stations, established 11 years ago, with current
capacities of 18 MW and 14.1 MW, respectively, '
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(b)

- {c)

By increasing the spiliway height by 12m, adding one aqueduct on the Trisuli
river, and enhancing the capacity of the channel, the project aims to raise the
channel discharge from the present 31 m3 to 45 m? to facilitate the
generation of an additional 95.3 GWH of energy to aid the current energy
deficit in the power system. In addition, the life of the generating facilities is

expected to increase by another 30 years.
Kathmandu Valley High Voltage Reinforcement Project

The Kathmandu Valley High Voltage Reinforcement Project, under the IDA
credit was estimated to cost NRs. 768.6 million and aims to reinforce the
132 kV and 66 kV systems in the valley. The following works are involved

in this project;
- Reinforcement of ten existing substations.

- Construction of a 132 kV transmission line for connecting the
Marsyangdi-Balaju line to the Siuchatar substation.

- Upgrading the capacity of the Teku switching station to 66 kV, 36 MVA
and construction of a related 66 kV transmission line.

- Augmentation of transformers at the Baneswar and Lainchaur

substations.

- . Construction of a 66 kV, 20 MVA substation in the Bhaktapur area and
a transmission line (132 kV design) between the substation and
Bulhanilkanth and the incoming line from the Sunkosi - Patan line.

The supplyand erection contracts for this project were completed with an
Tndian contractor for the transmission line works and a Chinese contractor for

the substation works in November 1993,

* The Duhabi - Bhantabari 132 kV Transmission like project

This project aims to ease the current energy crisis by importing power from
india under the Nepal - India power exchange agreement. Undertaken with
loan assistance from IDA and baving an estimated cost of NRs. 86.43
million, the completion of the project is scheduled by the end of 1994/95.



(2)

(3)
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(3)

Restoration of 66 kV and 11 kV switching equipment at the Lainchaur substation.

All 66 kV and 11kV switching equipment at the Lainchaur substation was
destroyed by a fire in an 11 kV cubicle in July 1990, The restoration of the
switching equipment was implemented under KfW financing and completed in May
1993,

Additional stringing of the second circuit conductors on the existing 66 kV double
circuit transmission line between the Siuchatar and Patan substations.

This work aimed to improve the unseliable power supply to the Patan, Baneswar,
and Baktapur areas and was completed in July 1993 with NEA financing. The
necessary 66 kV switching equipment at both substations is included in the PSEP.

Loss Reduction Project (LRP)

Phase I of LRP is in progress and Phase III will begin with reallocation of the
remaining loan for the Marsyangdi Hydroelectric Power Project. Phase I11 of LRP
includes improving the connections of the low-tension distribution lines and service

wires for the consumers and replacement of improper energy meters in a part of and

outside the Kathmandu Valley.
Computerized Billing Project -

The computerized billing project is being undertaken with a USS$ 1.761 million loan
from ADB. The project seeks to computerize the billing and accounting system in
the 28 different branches of NEA in a phase wise manner.

4.2.3 Components of the Project

The components of the Project, Phase-I and Phase-I1 requested by the Government of Napat

and the phase wise execution of the project components are summarized below:



Components requested by the Government of Nepal

Components of the Project,
Phase-T & 11

Augmentation of 11 kV cubicles at the Royal Palace,
Old Patan, and Old Chabel

Construction 11 kV underground cable laying between
the Lainchaur substation and K2 switching station

Reinforcement and improvement of the main 11 kV

feeders

Augmentation of a 132/66 kV transformer at the

Siuchatar substation
Construction of a K3 substation

Extension and reinforcement of the 11 kV and low-
tension distribution line

Procurement of tools, instruments, and vehicles for the
O/M works

Phase-I

Phase-1

Phase-1

Phase-11

Phase-11

Phase-Il

Phase-II

The components requested by The Government of Napel were examined on the basis of the
Feasibility Study carried out by JICA in 1991.

The details of the components of the Project, Phase-1, which have been implemented in 1993
and 1994 are shown in the attached Appendix 2-1.

The following are the components of the Project, Phase-1I requested by The Government of

Napel:

1. Augmentation of a 132/66 kV transformer at the Sinchatar substation
2.  Construction of a K3 substation

3. Extension and reinforcement of 11 kV feeders and low-tension lines
4.  Procurement of tools and vehicleé

The results of the discussions and examination with NEA on the Basic Design Study for the
Project, Phase-II are shown in the attached Appendix "Minutes of Meeting”. The above 4
project co:hponents mentioned above have a high priority in the Feasibility Study report and
are examined in the Phase-IT Basic Dasign Study as follows:
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(2)

(3}

Aungmentation of a 132/66 kV transformer at the Siuchatar substation

As a result of the system analysis, the estimated load on the existing 132/66 kV,
37.8 MVA transformer at the Siuchatar substation will exceed the rated transformer
capacity in 1995/96.

In 1993, the load on this transformer was laden with 78% of the rated capacity under
load shedding conditions at the peak load time. It will exceed the rated transformer
capacity under normal supply conditions. In order to rectify the over-loading of the
transformer, an additional transformer with the same capacity and ratings is

supposed to be installed.
Construction of a K3 substation

To meet the growing demand in the center of the Kathmandu valley and to reduce the
excessive voltage drop of 11 kV buses at the K2, Royal Palace, and Lainchaur
stations, a K3 substation is to be constructed at the center of Kathmandu along the
Tukucha river. Power for the K3 substation will be supplied from the Siuchatar
substation through a 66 kV double circuit line which will be tapped from a new
66 kV double circuit line to be constructed under PSEP between the Siuchatar and
Teku substations. '

In the Feasibility Study, construction of a K3 substation was recommended to meet
the growing power demand in the center of the Kathmandu Valley. However, the
power demand in the Kathmandu Valley has been resirained due to the shortage of
power supply capacity in the country. Besides, the implementation of p'ower
development plans, such as the Kali Gandaki "A" and Arun-1II Hydroelectric
Projects has bé_cn delayed. Through discussions for the Phase-IT Basic Design
Study, the Nepalese side and Japanese side have agreed to defer the construction of a
K3 substation from the Project, Phase-IL,

Extension and reinforcement of 11 kV and low-tension distribution lines

Urgent extension and reinforcement of the following 11 kV feeder lines and low

tension lines were requested:
(a) Center of Kathmandu town
(b) Extension of Dharmasthali feeder

(c) Baralgau - Gokarneswar feeder



4)

(d)  Connection of the Nayabazar and Budhanilakantha feeder to the ring road
(€ Renovation of the Nagarkot - Bramhakhel feeder

H Rerouting of the Thimi feeder

(g)  Other feeders in the Kathmandu Central branch

) Other feeders in the Kathmandu East branch

i) Other feeders in the Kathmandu West branch

G) Other feeders in the Kathmandu Lalitpur branch

&) Other feeders in the Kathmandu Bhaktapur branch

)] Reinforcement and improvement of low-tension lines in each branch.

The works of Item (f), Rerouting of the Thimi feeder, have been carried out by

NEA. Therefore, this work is eliminated from the Project.
Procurement of tools and vehicles

For proper O/M of the power system in the Kathmandu valley, procurement of tools,
vehicles, VHF radio equipment, and measuring equipment for NEA was

recommended in the Feasibility Study.

The VHF and measuring equlpment and some of the tools and vehicles were
procured under the Project, Phase<1. The rest of the tools and vehicles will be

procured under this Project.

4.2.4 Contents of the Requested Major Facilitics’

For the implementation of the Project, Phase-I1, the major equipment requested by The
Government of Napel and its necessity are summarized below:

(H

Augme:ntation of a 132/66 kV transformer at the Siuchatar substation

In order to rectify the ovcrloadmg of the transformer, an additional transformer with
the same capacity is to be installed and operated in parallel with the existing

transformer.,



(2)

(3)

Extension and reinforcement of 11 kV feeders and low-tension distribution lines

Serious issues, like the excessive power loss and voltage drop on the feeders have
occurred duc to the shortage of capacity of the distribution facilities in relation to the
size of the conductors and number of feeders. It is necessary to extend and reinforce
such feeders for maintaining a stable and reliable power supply.

Procurement of tools and vehicles

The tools and vehicles are used for the effective execution of O/M of the power

facilities.

In addition to the original plzms mentioned above, the following requests were made by NEA

through discussion and study for the Project, Phase-IL

(4)

&)

Replacement of the 11 kV switching facilitics at the Maharajgunj switching station

The Maharajgunj switching station, established in 1969 and located in the northemn
part of Kathmandu, serves electricity to the residentials areas, shopping streets,
public hospitals, governmental offices, industries, embassies, and a resort area in the
northernmost part of Kathmandu. The power for the water-purifying plant to be
constructed under Japan's Grant Aid will also be supplied by this station.

The switching facilities of the two 11 kV feeder cubicles and two ring main cireuit
cubicles for receiving the power from the Balaju substation are installed in this

station. Nevertheless the service area and power demand of this station have sharply

expanded in recent years and the switching facilities have never been subjected to
renoVation_ and expansion since they were established. The facilities have been
superannuéted over their life. Besides, the spare parts for maintenance and repair of
these facilities are difficult to obtain because these old type facilities are no longer
manufactured. '

The replacement and installation of the additional cubicles will greatly contribute to
reliable power supply to the area and stable power operation in the Kathmandu
Valley. ‘ '

Construction of new Kingsway feeder

Power demand in the Maharajgunj area was supplied by two (2) feeders, the
Baluwater (i1 kV overhead line) and Kingsway (11 kV underground) feeders,
from the Maharajgunj switching station. This area involves embassics, hospitals,
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hotels, residences, comm&:rciai center, govemmehtal o_ffices, and public facilities,
and is an important zone for daily life of people in Kathmandu city. Demand density
in this area is so high as 1,000 to 4,000 kVA/km2, An underground cable of the
Kingsway feeder had a grounded fault very recently, but the cable is impossible to be
restored because of superannuation of more than 20 years old. On the other hand,
the switching facilities of more than 20 years old for the feeder at the Maharajgunj
switching station remain not repaired due to unavailable spare parts.

Under the situation, the area is supplied power by only the Baluwater feéder_ for the
switching station. The feeder is now loaded with 4,950 kVA against its distribution
capacity, and operated at its critical capacity without allowance for increasing
demand. Since only one feeder is operated and its supply area is wide, supply
outages by line faults or line maintenance are once to cover all the consumers in the

area.

To increase distribution capacity and enhancement of supply reliability to the area,
construction of a new Kingsway feeder was proposed by NEA in related to the
additional reinforcement and extension of the Maharajgunj switching station.

The purpose of the new Kingsway feeder is to bear a portion of load on the present
Baluwater feeder. With the additional feeder, the Kingsway feeder is to bear
2,100 kVA of the present total demand in this area and 2,850 kVA to the exisfing
Baluwater feeder. Those loads are respectively eduiva!ent to 38% and 52% of the
distribution capacity of 5,500 kVA, and accordingly both feeders have sufficient
allowance for the future demand increase. Besides the reduction of load sharing of
the feeder, area covered by a feeder is to be lessened for improvement of supply

refiabitity.
Judging from those merits, the additional proposal is considered to be appropriate for
the Project.

Additional tools for mainienance

NEA additionally proposed tensioners, tension meters, and light frucks for the
distribution line maintenance wotks. The Teain had examined NEA's explanation on
the reasons for the necessity of those items and the present conditions of the same

~with NEA's stock.

The Team judged that the present stocks of those items have been superannuated for
the further use, and those items should be replaced with new goods for the proper
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maintenance. Accordingly, the Team recommends to provide the items under the

Project.
Procurement of spare parts

Some feeders have been 0pen'afed without protection facilities for the system, such as
lightning arresters for distribution transformers and 11 kV line facilitics, dropout
switches for distribution transformers, molded case circuit breakers for low-tension
lines, and sectionalizing switches for [1 kV lines due to the lack of spare parts for

repair and replacement of the damaged facilities.

In order to ensure the safe operation of the system and reliable power supply, sparc

parts for these facilities will be procured.

The components of the whole Project are summarized in Table-2 below, as an end
result of the Study.

Table-2 Qutline of the Project

Components fequestéd by The  Phase-1 Phase-I1 Total of Phase

Government of Napel T& 11
1. Reinforcement and improvement of 11kV feeders and low-tension lines
11 kV Lines 113.83 km 60.75 km 62.68 km*! 123.43 km
400-230 V Lines 106.36 km 3920 km 63.10 km 102.30 km
Transformers 25,925 kVA 8.050kVA 17,900 kVA 25,950 kVA.
*] Including an additional requeét for the construction of a new feeder of Kingsway
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Components requested by The Government of Napel Project Phase

2. Augmentation of a 132/66 kV Phase-II
transformer at the Siuchatar substation
3. Construction of a K3 substation defered
4, Procurement of tools, instruments, and including an additional Phase-1 .& 1l
vehicles for the O/M works request for increasing
the number of vehicles
& tools
5. Replacement of the 11 kV switching additional request Phase-11
facilities at the Maharajgunj switching
station
6.  Procurement of spare parts additional request Phase-II
7. Construction of 11 kV underground Phase-1

cables between the Lainchaur substation
and the K2 switching station

8. Augmentation of Royal Palace, Old Patan, Phase-]
and Old Chabel 11 kV switching stations

4.2.5 Necessity of Technical Assistance

As previously stated, the network reinforcement projects were implemented under Japan's
Grant Aid in the 1980s. The core members of the technical staff of NEA for O/M of the
distribution system were trained by the engineers of the contractor through on-the-job

training under these projects.

Under this Project, the NEA staff training for O/M will be conducted by the engineers of the
contractor through on-the-job training as explained in Subsection 4.1.4. Therefore, ¢xpérts
will not need to be engaged for technical assistance.

4.2.6 Basic Consideration on Assistance for the Project

As mentioned in the preceding _sectiohs; the effect, viability, and capability for
implementation of the Project have been confirmed. Likewise, the appropriateness of the
implementation of the Project under Japan's Grant Aid has been confirmed, since the effect
of the Project accords with the scheme of Japan's Grant Aid.
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The basic design will be conducted by considering the outline of the Project and the
assumption of Japan's Grant Aid. However, pait of the project components requested by
The Government of Napel should be modified as aforementioned,

4.3  Outline of the Project
4.3.1 Organization for Maintaining the Distribution Facilities

O/M of the distribution system in the country is managed under the responsibility of DCS of
NEA. The distribution facilities to be extended and reinforced under the Project, therefore,
are maintained by both the Kathmandu and Lalitpur / Bhaktapur divisional offices and their
branch offices in the valley under the control of the Bagmati regional office of DCS.,

The number of staff in these divisional and branch offices as of November 1993 is given
below, and the staff list of DCS is given in Table 4.1:

Offices Technical Administrative Total
1) Kathmandu Area
a) Divisional office g8 -7 15
b) KTM castern branch office 68 58 126
¢} KTM central branch office 199 181 380
d) KTM western branch office 138 101 239
2) Lalitpur-Bhaktapur Area
a)} Divisional office 4 14 i8
b) Lalitpur branch office 182 136 318
c) Bhaktapur branch office 124 . 99 223

Note: Kavre/Smdhu/Do[‘ll\ha branch offices, outside Kathmandu are also under
the management the of Lalitpur-Bhaktapur divisional office. But the
Rasuwa/Nuwakot branch offices are directly under the Kathmandu
divisional office.

4.3.2 Location and Conditions of the Project

The locations of the switching stations, substations and distribution lines in each plan are
shown in Figure 4.1.

(1) Replacement of the cubicles of 11 kV switching stations

The ex1st1ng Maharajgunj switching station is located in the northern pqlt of
Kathmandu, at the crossing point of the ring road and the Kingsway rmd passmg '
through the center of Kathmandu. ' ‘
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(3)

The station covers a wide space and there is easy access from the ring road. The
cubicles for replacement and those to be added will be installed in the existing
building under the Project. The space in the existing bunilding for installation of the

- new cubicles will be insufficient and it is to be expanded by NEA.
Augmentation of a 132/66 kV transformer at the Siuchatar substation

The existing Siuchatar substation is located in the western part of Kathmandu,

outside the ring road.

The substation covers a sufficient site for the project works and there is easy access
from the ring road. The additional transformer and related switchgear equipment will
be installed in the existing outdoor transformer bay and switchgear bay. The control
facilities will be installed in the existing control room in the substation building.

Extension and reinforcement of 11 kV feeders and low-tension lines

The 11 kV feeders and low-tension lines selected for the Project, except the lines in
the city center, extend from the 11 kV ring main lines to the suburbs of Kathmandu.

The land along the route of the lines is undulating plaiﬁ.

4.3.3 Outline of the Facilities

From the results of the basic design survey, some modifications to the contents of the
Project were requested by The Government of ‘Napel and were explained in Subsections
4.2.3 and 4.2.4. An outline of cach component of the Project which meets the scheme of

Japan'é Grant Aid is given below:

(D

Replacement of 11 kV cubicles

The major facilities for'replacemé:nt of the 11 kV cubicles at the Maharajgunj

switching station are summarized below:

(@  11kV Ring Main Feedor Cubicle 4 circuits
(b) | 11 kV Feeder Cubicle 8 circﬁits
() 1t kV Bus Coupler Cubicle 1 circuit
(d) St. Transformer Cubicle i circuif
{e) DC Cubicle _ 1 circuit
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(2) Augnientation of a 132/66 kV transformer at the Siuchatar substation
The major facilities for the addition of a 132/66 kV transformer at the Siuchatar
substation are sununarized below:
(a) Single phase transformer, 132/66 kV, 12.6 MVA 3 units
(b) - 132 kV transformer bay equipment 1 lot
(©) 66 kV transformer bay equipment 1ot
(d) Control equipment 1 lot
(3) 11 kV feeders and low-tension lines
The line length and major materials for each feeder to be reinforced are summarized
below:
Feeders 11 kV Feeder Low-tension Line Transformer
O/H Line U/G Line O/H Line U/G Line Nos. {(kVA)
(@) Center of Kathinandu town - 1.36 - 2.40 3 600
{b) Extension of the Dhamasthali 1.60 1.20 1.00 - 2 300
feeder : .
() Baralgau-Gokameswsar l‘ef_ader 1.23 - 2.50 - 5 500
@ Connection of the Nayabazar 2.36 0.33 2.00 - 4 400
and Budhanilakantha feeder
() Renovation of the Nagarkot 2.07 - 1.00 - 2 200
-Bramhakhel feeder
(ft Kathinandu Central branch 4.81 3.36 4.00 2.40 H 2,200
(g) Kathmandu eastermn branch 13.41 3.81 26.00 - 51 3,000
(h) Kathmandu western branch 1.71 - 10.00 - 20 2,500
(i) Lalitpur branch 4.67 1.29 6.00 1.60 i3 2,000
() Bhaktapur branch 6.77 1.70. 1.00 3.20 6 1,200
Total 38.63 24.05 53.50 9.60 117 17,900

The materials and equipment required for the implementation of the above mentioned

11 kV feeders and low-tension lines are summarized below:

11 kV insulated conductors

11 kV aerial cable

[1 kV underground cdbles
400 V insulated conductors
400 V underground cables

Poles for the 11 kV distribution lines

4-16

114 km
3 km
24 km
453 km
[0 km
955 nos.



Poles for the low-tension lines 1,368 nos.
Distribution transformers 117 units (17,900 kVA)

4) Procurement of maintenance tools and vehicles

(a) Tools:

(a-1) Hydraulic compressor for conductor joints 2 sets
(a2)  Snatch block : 100 mm dia. 15 nos.
(a-3) Wire tensioner : 1.5 ton 5 nos.
{(a-4) Wire tensioner : 5 ton 2 nos.
(a-5) Tension meter : | ton 5 sets
(a-6) Tension meter : 5 ton I set
(a-7)  Aluminum puiley : 300 mm dia. 50 pes
(a-8)  Aluminum pufley : 120 mm dia. 50 pcs

(b Vehicles:

(b-1) 4 WD working truck with an insulated elevator bucket 3 nos.
(b-2) 3 ton pick-up truck 3 nos.
{(b-3) Light maintenance vehicle 3 nos.

-(5) Procurement of spare parts

1) Sectionalizing switches 15 nos.
2) Drop out fuse switches for the primary circuit of the transformers 375 nos.
3) Lighming arresters _ 375 nos.
4) Molded case circuit breakers for the distribution boxes 625 nés.

4.4 Scope of Work

This Project is to be implemented through close cooperation between the Government of
Japan and The Government of Napel within the framework of Japan's Grant Aid.. It is
reasonable for the Governments of the two counties to share the Project between them as

follows:
(1) The work to be done by the Government of Japan

(a)  Facilities
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(2)

- To procure and ercct the facilities for replacement of the 11 kV cubicles at
the Maharajgunj switching station described in Subsection 4.3.3.(1).

- To procure and erect the facilities for addition of a 132/66 kV transformer
at the Siuchatar substation described in Subsection 4.3.3.(2).

- To procure and erect the facilities for extension and reinforcement of 11
kV feeders and low-tension lines described in Subsection 4.3.3.(3).

(b} Equipment
- To procure the maintenance to.ols described in Subsection 4.3.3.(4).
- To procure the vehicles described in Subsection 4.3.3.(4).
- To procure the spare pﬁrts described in Subsection 4.3.3.(5).
{c) Others related to the above work
- To transport the facilities and equipment from Japan to Nepal.

- To transport the imported facilities, equipment, and materials from the port
of disembarkation to the project site.

The work to be done by The Government of Napel
(@) Site structure

- To secure the right of way for the overhead and underground distribution

lines

- To clear level land and reclaim the site of the Maharajgunj switching
station and Siuchatar substation

To construct an access road to the sites of the distribution lines, switching
station and substation

{)) Infrastructure

- To provide the facilities for city water distribution to the site
(c) Preparatory work

- Toexpand the building for the 11 kV swilching station at Maharajgunj.
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(D)

To construct a multi-circuit switching house.,

Procedural work and expenses borne by the Nepalese side

L

To request Indian authority for smooth clearance of the equipment and
materials at the disembarkation port and for inland transportation in India.

To obtain necessary permits for import into Nepal and bear the license fee

for such permits.

To get permission from the other authorities concerned for the construction

work.
Banking arrangement expenses.

To bear all the expenses other than those to be borne by the Grant
necessary for construction of the facilities as well as for the transportation

and installation of the equipment.

To exempt Japanese nationals from custom duties, internal taxes, and
other fiscal levies which may be imposed in the recipient country with
respect to the supply of the products and services under the contract.

To accord Japanese nationals, whose services may be required in
connection with the supply of the products and services under the contract,
such facilities as may be nccessary for their entry into the recipient country
and stay therein for the performance of their work.

To construct service wire connection to the consumers.

To coordinate with the inhabitants of the project areas on matters which

may arisc during the implementation of the Project.

To carry out necessary power shutdown according to the construction

schedule.

To maintain and usc properly and effectively the facilities constructed and

equipment provided under the Grant.
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Expenscs to be borne by The Government of Napel

- Expansion and construction cost of the building at NRs.3,000,000
Maharajgunj switching station and Mint multi-circuit

switching house

- Banking arrangement fee 0.1% of the amount
set forth in the E/N

It will also be necessary to include the fees that cover the import duties, tax for the
various subjects, and all other expenses for the implementation of the Project.

It is desirable that The Government of Napel provides enough budget for the Project
and conducts the works on schedule so that the entire Project will be implemented
smoothly, and the facilities to be constructed under the Projéct will be utilized
effectively. '
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CHAPTER 5
BASIC DESIGN

5.1 Basic Concepts for Design

The basic c'oncepts for the design of the power transmission/distribution system are; i) to
ensure high reliability and safety, ii) to apply' similar design to the existing facilities for casy
O/M, iii) to build the system with flexibility for future expansion, and iv) to consider the
technical level of NEA. The design will be formulated under the following criteria:

5.1.1 Natural Conditions for Design

The natural conditions, such as ambient temperature, wind velocity, humidity, rainfatl,
carthquakes, and thunderstorm activity in the project area are very important factors for the
design of the facilities. The bas_ic design criteria were worked out from historical climatic
records for the eleven years from 1976 to 1986 and for 1992, and the present design
standard of NEA.

§.1.2 Special Site Conditions for Erection

The site erection works for the project facilities will be carried out in accordance with the
standards and/or practice of NEA. However, it was noted that in Nepal the finishing works,
including the paving and asphalting of public roads and footpaths which are excavated and
‘back-filled for the construction of the project facilities, shall be performed by the Road
Department at the prevailing cost which will be borne by the contractor.

The prevailing costs of the finishing works of the roads and footpaths are as follows, but are
subject to change at the time of construction of the Project:

Costs of the Finishing Workg

Kind of pavement NRs/m?

Asphalt paved road 522.94
Concrete paved road 500.00
Stone laid road ' - 168.44
Brick laid footpath 500.00

Note: effective to the end of June 1994



The contractor is requested to submit its construction plan with necessary illustrations and
drawings, deposit money for the finishing works, and get permission for the erections from
the Road Department prior to the commencement of the erection works.

5.1.3 Procurement of Local Materials and Equipment

All equipment and materials to be provided under the Project will be imported from Japan.
However, raw materials, such as cement, aggregate, timber, brick, steel bars, etc. will be

procured in Nepal.
5.1.4 Operation and Maintenance Capability of NEA

Through the past three Japanese grant aid projects implemented in the 1980s and the Project,
Phase-1 in 1993 for the reinforcement and improvement of the power distribution system,
the capability of NEA for O/M of the systert has been proven, The training for management
techniques of opcration was conducted under the LRP.

For standardization of the line works, the draft of the safety regulation and construction
engineering standards for the distribution line works at 400 V and 11 kV lines was
completed by DCS of NEA in 1993, and are expected to be come effective in the near future,
Besides, a computer and digitizer program for drawing up plans of the distribution lines has
been provided to conduct easy and effective planning, operation, and maintenance of the

power distribution system.

The management orientation training, seminar, and workshop for high and middle-level
managers of NEA was arranged by the Human Resource Department in 1993, A similar
skill orientation program was conducted for the supervisory level administrative and account
staff. These programmes were conducted with the affiliation of the Nepal Administrative
Staff Coliége and financing from the World Bank. The NEA Training Center contributed its .
regular training programmes for the technical staff of NEA in meter reading, generation,
distribution, and computer applications.

The transfer of technical knowledge to the core technical staff of NEA for O/M of the power
distribution system was conducted by on-the-job training through the site erection works of
the Project, Phase-I and their technical knowledge has been much improved. Moreover,
their activities will be more developed through the site erection works of the Project, Phase-
I1.

5.1.5 Facilities for the Project

The facilities of the distribution lines, switching stations, and substations to be provided
under the Project will be designed and chosen by avoiding the adoption of high technology
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and taking into account the gasy O/M of the system, compatibility with the existing facilities,
and present technical level of NEA. Besides, the maximum safety of the workers engaged in
O/M and inhabitants shall be ensured.

5.1.6 Construction Schedule

The Project will be implemented in two stages as shown in Table 5.1, in accordance with the
total work volume of the Project, the necessary period for the manufacturing of the

equipment and materials, transportation via India, and erection.

In this Study, the necessary period for the manufacturing of each component is estimated

below:

(1) Distribution line facilities

- Manufacturing of supports and fittings 2 to 4 months
—  Manufacturing of conductors, cables and fittings 2 to 4 months
—  Manufacturing of transformers and switches 3 to 5 months

(2)  Substation and switching station facilities

~  Manufacturing of outdoor switchgear equipment 3 to 5 months

—  Manufacturing of indoor control panels and cubicles 2 to 4 months

—  Manufacturing of 132/66 kV transformers 6 months

—  Manufacturing of 11 kV feeder cubicles 3 to 5 months
3 Transportation_ from Japan to the site via India 2 months

5.2 Design Conditions
5,2.1 Climatic Conditions

There are two seasons i.e. the dry scason (Oétober to April) and rainy season (May to

September).

The maximum air temperature and minimuim air temperature recorded in the Kathmandu area
were 32.3°C and -3.5°C, respectively. For safety, the same conditions that were applied fo
the Project, Phase-I in the Kathmandu Valley Distribution Network will be applied to the
design of the Project. They are listed briefly as follows:

— * Minimum ambient temperature | ' -5°C
~  Maximum ambient temperature E 40°C
—  Average ambient temperature 20°C



- Mean annual rainfail 1,420 mm

~  Relative humidity - Max. 85%
- Min, 40%
—  Altitude 1,300 m

The maximum wind velocity applied to the Project is 25 m/s, since the highest wind velocity
recorded at Kathmandu Tnternational Airport was 52 knots (equivalent to 26.75 m/s) and
25 m/s was applied to the past 3 projects and the Project, Phase-I without any trouble.

5.2.2 Design Criteria
(1) Design wind pressures on structures

The wind pressures worked out from the abovementioned wind velocity were
applied to the projected area of each structure as follows:

(a) Conductors and wiies . 35 kg/m?
h) Lattice structures : 130 kg/m?
“{c) Tubular structures (poles, etc) : 31 kg/m?
(d)  Insulators and hardware : 55 kg/m?

(e) Equipment (transformers, etc.) : 100 kg/m?
(2)  Sag compntation

The sags of overhead conductors will be computed on the basis of the following
assumpftions.

(a) Maximum conductor temperature is 60°C taking into account temperature rise

due to current fiow.

()] Minimum conductor temperature is 0°C. Although the minimum ambient
temperature is minus 5°C, the likelihood of such a case, that is, maximum
wind velocity at minimum air temperature, is very rare.

(c) Every Day Stress (EDS) is calculated under the ambient temperature of 20°C
in still air.

(d) Minimum factor of safety of conductor stress at maximum wind pressure and
0°C is 2.5 and for EDS 4 against the ultimate tensile strength of conductors.

(e) The maximum sag of conductors is calculated under the conditions of
maximum conductor temperature in still air,



(3)

€Y

Minimum factors of safety

(a)

(b)

- {c)

(d)

Structures, tubular poles, and other kinds of supports under maximum

working loads against their ultimate strength. ... 2.5

Conductors under the maximum working tension against their ultimate tensile
strength Lo P S 2.5

Insulator sets under the maximum loading condition against their mechanical
breaking STenglh.........ooverii 2.5

Foundations of structures and supports under the simultaneous maximum
loads against the ultimate ground beating capacity and uplift resistance.. 2.5

Required minimum clearances of distribution lines

The following minimum clearances from conductors will be applied:

(a)

()

()
(d)
e
(0
(®)

(h)
(i)
@
(k)

Lowest point of conductors above ground

132kV Line 66kVLine 11kVLine L/TLine

Road crossing - - 6m 6m
Along the road - - 5m 5m
General train 7Tm 6m Sm 4m

Space between 11 kV insulated conductor and L.T

insulated CONAUCLOL v vieine e eer vt s et b e rraeeeas 0.6m
Phase space of 11 KV insulated conductors ..........cooeevrniinnnn 0.5m
Vertical space of 11 kV insulated CONAUCLOTS ..vvvvevrereeeereennenenns 0.6 m
LT phase space of insulat_éd CONAUCECES +v v eveerreieeereiin e ian e 0.2 m
Space between 11 KV bare conductor and LT bare conductor .......... 1.0m
Space between 11 kV bare conductor and LT insulated

COMAU OO . titiiteeeereraeeierre et e e n s s ae b st s 0.8 m
Phase space of 11KV bare conductors......ceeiniicinnnnnnn, 0.8 m
Vertical space of 11 kV bare conductors.................. RS 1.0m
Phase space of 1 LRV CabIES oot e 0.4 m
Phase space of LT bare conductors ..........ocovvvuniieiinin . 03m
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(5) Electrical requirement

In the design of the system and facilities to be formed under the Project, the
following requirements will be taken into account;

(a) System connection:

- 132 kV : 3-phase, 3-wire, way-connected, neutral point of
transformer is solidly grounded.

- 66kV : 3-phase, 3-wire, way-connected system with effectively
grounded neutral.

- 11kV : 3-phase, 3-wire, way-connected system with effectively
grounded neutral.

- 400/230V :  3-phase, 4-wire, way-connected systeni with effectively
grounded neutral.

- 110V D.C. : Midpoint will be grounded throngh on earth fault detector.
(b) System freqﬁency:
Rated frequency shall be 50 Hz.

(c) System parameter:

132kVv 66kV  11kV

- Norminal system voliage (kV) 132 66 11
- Maximum system voltage  (kV) 145 72 12
- Lighting impulse withstand voltage, 650 350 75
1.2 x 50 micro-sec (kV peak)
- Power frequency withstand voltage 550 300 90
(kV rrm.s.)
- Nominal 3-phase symmetrical 25 25 25

interrupting capacity (kA r.n.s.)

(6) Standards applied

The materials and equipment will be designed, manufactured, and tested in
accordance with the requirements of the JIS, JEC, IEC, BS, or other international

standards.
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5.3 Basic Design

%.3.1 Extension and Reinforcement Plan

The extension and reinforcement plan of the Maharajgunj 11 kV switching station, Siuchatar
substation, and distribution lines under the Project, Phase-11 are as follows:

(N

2)

11 kV switching stations

The existing cubicles at the Maharajgunj switching station will be replaced and new

cubicles will be added.

The existing cubicles for the two ring main line circuits and twa feeder circuits are to
be replaced with new cubicles: one station service transformer cubicle, one bus
coupler cubicle, one battery and charger cubicle, eight 11 kV feeder cubicles
including one spare cubicle, and four ring main cubicles. All these cubicles will be

instalied in the existing switching station.
Extenston of the station building will be executed by NEA.

The connection diagrasn, cubicle layout plan, and routes of the feeder cables are

given in Figures 5.1, 5.2, and 5.3.
Augmeniation of transformers at the Siuchatar substation

Three single phase transformers, 12.6 MVA, 132/66 kV with related facilities, such
as 132 kV and 66 kV switchgear equipment and control facilities, will be installed at
the existing Siuchatar substation. The additional transformers will have the same

capacity and will be operated in parallel with the existing transformer.

The existing spare, single'phase transformer, will be placed as the commion spare for

the existing and pewly installed transformers,
The transformer augmentation plan is as follows:
(a) Three single phase transformers,

"~ three bushing current transformers on the primary side,
- three bushing current transformers on the secondary side, and
- one current transformer on the neutral terminal of the secondary circuit,

will be installed on the concrete foundation in the bay adjoining the existing

transformer bay.



(3)

{(b) A 132 kV switchgear bay equipped with,

one circuit breaker,

one disconnecting switch,
three current transformers, and
three lightning arresters,

will be installed in the existing outdoor 132 kV switchgear bay.

(© A 66KV switchgear bay equipped with,

one circuit breaker,

two disconnecting switches,

one single phase potential device, and
three lightning arresters,

will be installed in the existing outdoor 66 kV switchgear bay.

(d) Control and protection relay boards equipped with one lot of meters, control
switches, lamps, and protection relays for the transformer will be installed in
the existing control room. The control equipment will be provided with
transducers for sending signals to the load dispatchjng center in the same way

as the existing transformer circuit.

The concrete foundation and steel support works. of the outdoor switchgear
equipment, bus bar conductors, and grounding system will be inciuded in the

Project, Phase-11.

The single line connection diagram and outdoor switchyard layout plan are given in
- Figures 5.4, 5.5, and 5.6.

11 kV distribution lines

The following measures will be principally carried out for the reinforcement and

improvement plans of 11 kV and low-tension lines:

—  Feeders will be reinforced by such measures as upgrading their existing
conductor size, diversion of load flow to other feeders, addition of new feeders,
replacement of the existing distribution transformers, or addition of distribution

transformers,

~ In order to reduce the frequent trips of feeders, particular points of specific
feeders will be altered from the existing bare overhead conductors to insulated
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conductors or underground cables. The insulated conductors will also ensure
the safety of inhabitants in the densely populated areas and reduce energy

pilferage.

—  In the congested arcas or narrow streets, the support of the one-shoulder
conductor arrangement type or aetial bundle cable will be employed for saving
necessary insulation distance to houses or other objects.

—  New feeders or lines will be constructed with additional transformers to meet the
growing demands of the newly developed industries or developing areas under
the city plan for improvement of the present unreliable power supply.

Based on these principles, concrete plans for reinforcement and improvement of the
feeder and low-tension lines will be established.

(a) Center of Kathmandu town _

The central part of the town is densely crowded with buildings and houses
not only along main roads but also in the interior areas. The branch roads
from the main roads into the interior areas are so narrow that they are not
accessible to vehicles and the 11 kV overhead lines are not aligned. A
number of low voltage lines extend over long distances along mazes in the
areas, with cables being hung on the walls of buildings and houses,
accordingly. Such long low voltage lines without distribution transformers
serve customers with power that experiences excessive voltage drops, such
as 170V to 180 V against the rated voltage of 230 V and also cause
frequent failures of the power supply. =

It seems that town reconstruction to improve such crowded areas is
impossible under the present situation, therefore, the way to supply reliable
and stable power to the customers in the congested areas is to extend the
11 kV system by underground cables from the existing 11 kV network.
The overhead lines to be added in the narrow spaces should be of the aerial

' -éable type. The underground cable lines plan is shown in Figure 5.7.

it is noted that the works to be carried out in such crowded areas are not easy
because of the necessity of traffic interruption, excavation of narrow mazes in
the densely populated areas, etc. Close cooperation and smooth
communication with the local inhabitants are always required.



{b)

- ()

(d)

Extension of the Dha_rmasthali feeder

The existing Balaju Industry District (B ID)' feeder is supplying power from
the Balaju substation to not only BID but also to public consuiners therein,
The existing feeder should be upgraded with ACSR Dog for increasing the
current capacity. Another new feeder will be required in this area before the
District further expands on an industrial scale, However, upgrading and
reinforcement of the feeder over 1 km will be implemented by NEA in
cooperation and by negotiation with the District, since all electrical facilities
on the premises are operated, maintained, and managed by the District which
is fully responsible for them,

On the other hand, in order to increase the reliability of the power supply to
BID, public consumers will be completely disconnected from the BID feeder
so that the existing BID feeder will function exclusively for the industrial
district. For this purpose, the interconnection to the Dharmasthali feeder will
be ‘disconnected from the BID feeder, and a new extension of the
Dharmasthali feeder will be conip]eted to connect with a branch line of the
Swayambhu feeder, to supply power to the public consumers around BID.

Baralgau-Gokarneswar feeder

New industries have developed along the road between Baralgan and
Gokarneswar. The extension of lines from the existing branch lines to the
industrialized area is difficult due to the topographic conditions.

The Division Office has ‘proposed a new line from Baralgan town to

Gokar_heswar (3 km), branching the newly reinforced Boudha-Jorpati line

* planned along the road. The proposal seems reasonable.

The poles for the plan will be of the one-shoulder conductor arrangement
type for the safety of the line and the public in the narrow spaces.

Connection of the Nayabazar and Budhanilakantha feeders on the ring road

Areas on both sides of the ring road around Maharajgunj are being developed
as residential and industrial zones. Power demand is rapidly growing due to
the development.

The Nayabazar feeder from the Lainchaur substation and the Budhanilakantha
feeder from the Maharajgunj switching station run around the areas.
However, both feeders are not inferconnecied at present. The plan is to link
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(e)

(f)

both lines to increase the supply reliability and prevent excessive voltage drop
anticipated to occur in the near future in the areas.

Renovation of the Nagarkot-Bramhakhel feeder

A section, between Cangunariyan and Bramhakhel villages, of the Nagarkot
feeder is at present unused because of such incomplete facilities as a one
phase conductor. After completion of the new Bhaktapur substation under
the PSEP of IDA, it is anticipated that the Négarkot feeder will also supply
power from the substation towards Boudha-Jorpati. Accordingly, the section
will be restored under the Project with a single circuit of ACSR Dog on new

supports over 2 km.

Reinforcement and improvement of the other 11 kV feeders and low-tension
lines under each DCS branch office.

The other 11 kV feeders and low-tension lines proposed by each DCS
branch office will be reinforced and improved under the Project.

The materials and equipment required for the Project works of the distribution line
are listed in Table 5.2. '

Maintenance tools and equipment

The following tools and vehicles will be procured under the Project, Phase-1I1, for

proper O/M:

{a) Tools

(a-1) Hydraulic compressor for conductor joints 2 sets
{a-2) * Snaich block, 100 mm dia. 15 sets
(a-3) Wire tensioner, 1.5 ton . 5 nos.
(a-4) Wire tensioner, 5 ton 2 nos.
(a-5) Tension meter, I ton : 5 nos.
(a-6) Tension meter, 5 ton : 1 -no.
(a-7)  Aluminum pulley, 300 mm dia. 50 pes.
(a-8)  Alurtinum pulley, 120 mm dia.- 50 pes.
b) Vehicles

(b~1) 4 WD hoist truck with an insulated working bucket _ 3 nos.
{b-2) 3 ton pick-up truck _ 3 nos.



(%)

5.3.2

(1)

(b-3) Light maintenance vehicle . _ 3 nos.
Procurement of spare parts

For replacement and repair of the existing damaged line facilities, the following spare
parts will be procured under the Project:

(a) Sectionalizing switches, _

{b) Drop out fuse switches for the primary circuit of the transformers,
(©) Lightning arresters, and

¢d) Molded case circuit breakers for the distribution boxes

Pfojcct Facilities
11 kV switching station

The new cubicles for the incoming lines, ring main circuits, feeder circuits, bus bar
couplers, station service transformers, and batteries and battery chargers will be of
the se]f—sﬁpporting indoor, metal enclosed type. Each 11kV cubicle will be
equipped with the devices shown below: |

Ring Main Line Outgoing Feeder  Bus Coupler

13 Copper bus . 1 1 1

2} Circuit breaker 12 kV, 25 kA 1,200 A 800 A 1200 A

3} Disconnecting switch 12 kV, 600 A - - 2

4) Current transformer single phase 3 x 1200/600 - 300/5 3 x 600 - 300/5 3 x 1200/5

5) Over current relays 3 3 3

6) Over current ground relay ' 1 i -

7} Reclosing relays _ - 1 -

8) Ammeter with selector switch ! o -

9 Wait meter P 1 -
10) Watt hour meter 2 1 -
11) Var meter 1 H -
12) Power factor meter : 1 1 -
I3) Feeder cables - i lot 1 lot '

In addition to the above, the following devices will be provided on each bus bar and
mounted in each cubicle;

- Three lightning arresters _
- Three single phase potential transformers
- One under voltage relay
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One voltmeter with selector switch
One frequency meter

The station service transformer cubicle will be equipped with the following devices:

One draw-out type disconnecting fuse switch, 11 kV, 20 VAF, 6 AT
Three single phase potential transforiers

Ten molded circuit breakers

One station service transformer, 3-P 75kVA, 11 kV/400-230 V
Three current transformers, 100/5 A '

Three over current relays

One under voltage relay

One ammeter with selector switch

One voltmeter with selector switch

One lot of control switches

The batteries and battery chargers:

One battery of 50 ampere-hours

Onge battery charger

Two DC ammeters with selector switch

One DC voltmeter with selector switch

One 3-pole molded circuit breaker 600 V, 100 AF
Eight 2-pole molded circuit breakers 600 V, 100 AF -
One lot of control switches, lamps, and other necessary instruments and

devices

Major equipment in the cubicles

An outline of the equipment to be mounted in the new cubicles is given below.

The 11 kV main bus will be rated at 2,000A of continuous current and 25 kA/one

second of withstand current.

The circuit breaker will be of the indoor, draw-out vacuum type rated at 12 kV,
1200A for the ring main line circuits and 800A for the outgoing feeder lines, and

25 kA of interrupting current.

The station service transformer in the 11 kV cubicle together with the disconnecting

power fuse switch on its primary side will be of the three phase, 11 kV/400-230V,
75 kVA, dry epoxy-resin molded, self-cooled type, as it has maintenance free
operation and needs a high reliability against faults.
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The 11 kV current transformers and potential transformers will be of the molded

type.

AC power is to be supplied from the station service transformer. The station service
transformer cubicles will be equipped with 600V molded case circuit breakers on the
front panel.

Batteries for the DC power source will be of the high grade, Nickel-Cadmium
alkaline enclosed seal, 110 volt, 50 ampere-hours type and contained in a cubicle
with the battery charger of thyristor design for continuous use.

The control switches, meters, fault indicators, and protection relays, etc. will be
mounted on the front panel of the cubicles.

Augmentation of a transformer at the Siuchatar substation

As a result of system analysis, the estimated load on.the existing 132/66 kV,
37.8 MVA transformer at the Siuchatar substation will exceed the rated transformer
capacity in 1995/1996. In order to reciify the overloading of the transformer, an
additional transformer with the same capacity is to be installed and operated in

| parallel with the existing one.

The features of the transformer augmentation plan are as follows:
(a) Three single phase transformers, 12.6 MVA, 132/66 kV, equipped with

Three bushing current transformers on the primary side, 200/5A, 40 VA
Three bushing current transformers on the secondary side, 400/5A, 40 VA,
and o

~ One current transformer on the neutral terminal of the secondary circuit,

100/5A, 40 VA
) 132KV transformer bay equipped with:

One circuit breaker, 145 kV, 800A, 25 kA

One diséonnecting switch, 145 kV, SOOA, 25kA

Three single phase current transformers, 200/5A, 40 VA and
Three lightning artesters, 120 kV, 10 kA

(c) 66 kV transformer bay equipped with

One circuit breaker, 72 kV, 600A, 20 KA
Two disconnecting switches, 72 kV, 600A
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One single phase potential device, “3—% kV/110V, and

Three lightning arresters, 75 kV, 10 kA

(d)  Control and protection relay board equipped with
One lot of meters, control switches, lamps, and necessary accessories, and
One lot of protection relays for the transformer

Facilities

The following outline the main equipment to be installed at the Siuchatar substation:

(a)

(b)

'(C)

Transformer

The new transformer at the Siuchatar substation will be of the outdoor smgic
phase, 12.6 MVA, oil immersed, force-air coolcd 132/66 kV type, with on-
load-tap-changers (132kV, 10%). The transformer will be operative at
8.667 MV A output without operation of the cooling fans.

The connection of the windings is star-star with delta connected tertiary
stabilizer windings. Busing current transformers will be provided on the
primary and secondary sides and neutral of the secondary side.

132 kV switchgear equipment

The circuit breaker will be of the outdoor, SF6 gas filled type rated at
145 kV, 800A, and 25 kA of interrupting current. 1t will be provided with a
control mechanism capable of both remote electrical and local manual

operation, and will be driven by compressed oil.

The disconnecting switch will be of the threc-pole, single throw gang-
operated, remote controlled, mechanically hand operated, horizontal center

break rotating insulator type.

Three sets of single phase current transformers, of the outdoor, oil filled, and
hermetically sealed type will be provided for measurement.

The lightning arresters will be of the outdoor, explosion-proof, gapless, and
heavy duty type designed for a rated discharge current of 10KkA.

66 kV switchgear equipment
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The circuit breaker will be of the outdoor SF6 gas filled type rated at 72 kV,
600A, and 20 kA of interrupting current. Tt will be provided with a control
mechanism capable of both remote electrical and local manual operation, and
will be driven by compressed oil.

The disconnecting switch will be of the three-pole, single throw gang-
operated, remote controlied, mechanically hand operated, horizontal break
type rated at 72 kV, 600A.

One single phase voltage transformer rated at %_-63— kV/110V, 200 VA, of the

outdoor, oil filled, and hermetically sealed type will be installed.

The lightning arresters will be of the outdoor, explosion-proof, gapless, and
heavy duty type designed for a rated discharge current of 10 kA,

Control boards

The control boards will be of a construction similar to the existing boards of
the indoor duplex panel type, equipped with control switches, meters, fault
indicators, etc. on the front panels and protection relays on the rear panels.

(3)  Distribution line facilitics

{a)

Supports

The supports for the 11 kV and low-tension lines will be of the jointable
steel tubular type and 11.2 m and 9 m long, taking into account the common
use of the pole assembling materials and future expansion of the distribution
system. The poles will be set with a sole plate, an under brace of steel made
to inciease the strength, and guy wires with steel anchors of the driven type,
which will also be used wherever bonductor tension is unbalanced, at dead
ends and angle points. The general layout of the suppons is given in Figures
5.8 to 5.14. |

The supports for the distribution lines are classified as follows:

(1) Supports for the 11 kV one circuit line of triangular formation

Type 100A-1 Single pole to be applied at a straight line section and light
' angle point of up to 5 degrees, provided with pin type
insulators.



Type 100B-1

Type 100C-1

Type 100D-1

Type 100Br-1

Single pole to be applied at an angle point of up to 15
degrees, provided with pin type insulators and a guy wire

assembly.

Single pole to be applied at an angle point of more than 15
degrees, provided with tension insulator sets and clamps
on double cross arms, pin type insulators for jumper

wires, and a guy wire assembly.

Single pole to be applied at line dead ends, provided with
tension insulator sets on double cross arms and a guy wire

assembly.

Single pole to be applied at line branch points, provided
with pin type insulators on single cross arms, tension
insulator sets with clamps on double cross arms, jumper

wires, and a guy wire assemnbly.

(i)  Supports for the 11 kV one circuit line of shoulder formation

Type 100A-E

Type 100BC-E

Single pole to be applied at a Strﬁight line section and light
angle point of up to 5 degrees, provided with pin type

insulators.

Single pole to be applied at a straight line section and light
angle point of up to 5 degrees, provided with pin type
insulators.

(iii)  Supports for the 11 kV two circuit lines

Type 100A-2

Type 100BCO-2

Single pole to be applied ata straight line section and light
angle point of up to 5 degrees, provided with pin type
insulators.

Single pole to be applied at an angle pbint of more than 5
degrees, provided with ténsion insulator sefs on double
cross arms, pin type insulators for jumper wires, and two

guy wire assemblies.



(b)

(iv)  Supports for the low-tension lines

Type 95A-L

Type 95B-L

Type 95C-L

Type 95D-L

Single pole to be applied at a straight line section and light
angle point of up to 5 degrees, provided with spool type
insulators,

Single pole to be applied at an angle point of up to 15
degrees, provided with spool type insulators and a guy
wire assembly.

Single pole to be applied at an angle point of more than 60

“degrees, provided with spool type insulators and tension

clamps, and guy wire assemblies.

Single pole to be applied at line dead ends, provided with
spool type insulators and tension clamps, and a guy wire
assembly.

(v)  Supports for the transformers and line switches

Type 1008-1

Type 100T-1

Single pole to be applied for loading a line switch with
three lightning arresters on two cross arms fixed to the pole
type 100A-1, and a guy wire asserbly.

Double poles to be applied for loading a_' distribution
transformer with three cutout switches and three lightning
arresters on the primary side and a distribution switch box
on the secondary side, and two guy wire assemblies.

Conductors and cables

The tripping frequency of the circuit breakers on the distribution lines due to _

short-circuit faults from line to line contact and earth faults from tree to line

contact is very high. To reduce the frequent trips of feeders, insulation
covered HAL conductors (OC) will be used for the 11 kV overhead line and
600 V fully insulated wire (OW) for the low-tension line.

In the densely populated and residencial areas, underground cable and/or

aerial bundle cables for the 11 kV and low-tension lines will be considered

for the Project.
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(d)

(©

)

(g)

()

Insulators

The pin and disk type insulators of porcelain and glazed brown specificd in
the JIS standard are to be used for supporting the 11 kV line conductors and
spool insulators for the low-tension line conductors. The conductors will be

fixed to the insulators by preformed grips.
Arms

The conductors of the 11 kV lines will be arranged in triangular formation on
the top of the poles and will have a box type cross arm of 1.2 m long which
will be fixed to the poles with a through bolt and arm ties. For the low-
tension lines, the conductors will be arranged in vertical formation on the
spool insulators and supported with secondary distribution racks. The
secondary distribution racks will be fixed to the poles with steel bands.

Distribution transformers

The distribution transformers will be of the outdoor, thrée-phase, oil
immersed type with a voltage ratio of 11 kV/400-230V. The ratings of the
distribution transformers will be classified into two different capacities of
100 kVA and 200 kVA.

Fuse cut-out switches

For protection of the transformers from overloading, fuse cut-out switches
will be installed on the primary side of the transformers. The cut-out
switches will be of the 14.4 kV, 10A, drop out type. The cartridge fuses for
the cut-out switches will be 25A and 12A for each transforimer capacity.

Lightning arresters

The lightning arrester will be of the 14 kV, 5 kA non-linear or gapless type

- and will be mounted on the end of the lines, primary side of the distribution

transformers, secondary side of the line switches, and at the intersection of
the underground cables and overhead lines.

Iine switches

The line switches will be 11 kV, 200A for the branch lines, 400A for the
main line and of the three pole, manual_ly gang operated, pole mounted, air
break switch type. The line switches will be installed at the branch points of
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the main lines and on the long distance lines, to isolate the trouble line and
section and/or a section of the line for maintenance works,

Distribution switch boxes

Most of the existing low-tension feeders are directly connected to the
distribution transformers without distribution switch boxes. Such connection
causes unsafe O/M works of the lines and transformers. In order to increase
the supply reliability and safe operation/ maintenance of the System; '

distribution switch boxes will be instalied at the secondary side of the

distribufion transformers. The switch boxes will be of the molded case
circuit breaker type (MCCB) with a specified trip current enclosed by a
galvanized metal box.

Grounding

The lightning arresters, cases of the line switches, transformer tanks,
secondary neutrals, and other metal parts required for safe operation will be
grounded by a grounding rod. A copper coated stecl rod will be used for
grounding. '

5.4 Construction Plan

5.4.1 Construction Works

To maintain high 1'é1iability of the system operation, the follo_Wing essential points have been

taken into account for the construction of the facilities to be provided under the Project:

i)

1)

The distribution lines will be constructed and rehabilitated with insulated
conductors/wires and/or aerial bundle cables for both the 11kV and low-
tension distribution lines. The erection method of these conductors/wires/
cables is much different from that for the bare conductors used on the
existing lines. NEA has less experience in the erection of these conductors/
wires/cables. '

The underground cables for the works of the distribution lines, switcliing

* stations, and substations are to be laid by the optimuln means to meet the

specifics of the cable.

Shorter power shutdowns and safety measures are demanded for the
replacement works of the 11 kV cubicles at the- Maharajgunj switching



station and additional 132/66 kV transformer works at the Siuchatar

substation.

In addition to the above, reliable local contractors for the construction of the power
transmission/distribution system are not easily in Nepal and the daily maintenahce,_rcpair,
and construction works are carried out by NEA. Therefore, all the construction works for
the facilities under the Project will be executed exclusively by the local contractors under the
guidance of the Japanese Contractor, except peculiar works, such as the commissioning test,
joining of cable, termination of the cable head, installation of the 132/66 kV transformer and
switchgear equipment, and other key works for the system which will be carried out by the

Japanese specialists.

NEA is capable of implementing the Project, but does not possess sufficient numbers of
engineers for planning, designing, and supervising the wide range of activities. These
works will be undertaken by the Japanese Consultant.

The works to be undertaken by the Consultant, Contractor, and NEA are mentioned below:
(1)  Works to be undertaken by the Consultant
{a) Home works

- To prepare the detail design of the switching stations, substations, and

distribution lines.

- To prepare the tender documents for procurement and erection of the

materials and equipment.

- To approve and comment on the design, specifications, and drawings
provided by the Contractor(s).

- To attend the pre-shipment inspections and tests for the materials and

equipment at the manufacturers’ factories.
- To report and explain to JICA.
(b) Site works
- To prepare the w_ork';ng drawings of the facilities under the Project
- To adjust and check the construction schedule.

- To assist NEA in construction supervision,



(2)

(3)

- To approve the schedule of the commissioning tests submitied by the
Contractor(s).

To attend the commissioning tests.

1

To prepare the monthly reports on the constraction,

.

To prepare the completion report of the Project,
Works to be undertaken by the Contractor

The works to be undertaken by the Contractor include the designing, mah'ufacturing,
testing, painting, packing, transportation, and erection of the materials and
equipment to be supplied under the Project.

As discussed with NEA, arrangement of the:necessary permission of the concerned
authorities for execution of the Project and dismantling and reconnecting of service
wires to the consumers will be undertaken by NEA.,

As explained in Subsection 5.1.2, for getting the permission of the Road
Department, the Contracior is required to submit applications with work plans and to

paya deposit for the finishing work on excavated roads prior to the commencement

of excavation and restoration of public roads as required under the Project.
Works to be undertaken by the NEA

- To request Indian authority for smooth clearance of the equipment and materials
at the disembarkation port and for inland transportation in India.

- To obtain necessary permits for imports into Nepal and to bear the license fee.

- To get the permission of the other authorities concerned for the construction
works, when needed.

- To coordinate with the inhabitants in the Project area on matters that may arise
during the implementation of the Project.

- To dismantle and reconnect service wires to the consumers.

- To make the necessary arrangements for power shutdown according to the
construction schedule,

- To provide a stockyard for imported materials and equipment.
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To bear all the expenses other than those to be borne by the Grant, nec'cssmy for
construction of the facilities as well as for the transportation and installation of

the equipment.

5.4.2 Conditions for the Site Construction Works

The matters to be attended to for the site construction works are described below:

(a)

(b)

(c)

(d)

Since acquisition of private and arable lands for the Project is difficult, new
lines will be constructed along the roads or on the existing lines routes.

Power shall be shutdown during the execution of the works for the
distribution lines, replacement of cubicles at the switching stations, and
augmentation of a 132/66 kV transformer at the Siuchatar substation. The
power supply shall be resumed toward evening and special attention shall be
paid to the work schedule and pre-information to the customers for the

shutdown.

For construction of the underground cables, prior appiicatiohs will be
required to get the necessary permission from the Road Department. The
finishing works, including paving and asphalting of roads, will be carried out
by the Road Department itself at the expense of the Contractor.

For tree felling and trimming for the distribution line works, including
exploration of the line route, prior applications for permission of the

" authorities concerned are required.

5.4.3 Construction Supervision Plan

NEA normally forms an individual project team for execution of the projects to be
implemented under the financial assistance of foreign countdes. The DCS of NEA which
assisted in the Master Plan, Basic Design Study of the Project, and execution of the Project,
Phase-I will establish a project office for execution of this Project. ' |

The project office will administer the design and construction supervision of the Project
under the assistance of the Consultant. The works to be carried out by NEA, such as the
dismantling and reconnecting of the service wires, dismantling work of the existing lines,
and storage of the dismantled materials and equipment will also be managed by the project
office. Besides, the project office will be responsible for the execution of the works
mentioned in Subsection 5.4.1 (3) Works 1o be undertaken by NEA.



5.4.4 Procurement Plan of the Materials and Equipment

The supply and erection of the materials and equipment for the Project will be executed by
the Japanese Contractor(s).

All the materials and equipment will be transported from Japan to Kathmandu by the

following route:
Japan - transport by sea - India (Calcutta) - transport by land - Nepal (Kathmandu)

The customs procedures for the materials and equipment will be conducted at Bilgunj near
the border of Nepal and India.

5.4.5 Implementaiion Schedule

The Project will be implemented in two stages and the components for each stage are given

below:
Stage-I Project
(a) Replacement of the 11 kV cubicles at the Maharajgunj switching station

) Extension and reinforcement of the 11 kV feeders and low tension lines

(b-1) 11 kV overhead lines 18.7 km
(b-2) 11kV underground cable lines 10.8 krﬁ
(b-3) Low-iension overhead lines 30.0 km
(b-4) Low-tension underground Iine.s | - km

() Procurement of maintenance tools and vehicles

(d) Procurement of spare parts

Stage-II Project

(a) Augmentation of 132/66 kV transformer at the Siuchatar substation

(b)  Extension and reinforcement of the 11 kV feeders and low tension lines
(b-1) 11 kV overhead lines ' 19.4 km |

(b-2) 11 kV underground cable lines 12.5 km



(b-3) Low-tension overhead lines 23,5 km

(b:—4) Low-tension underground lines . 9.6 km

' Facilities in each stage are selected in order of the priority in the system which is ranked on the
basis of 'urgency of neccessity in consideration of superannuation of facilities or incapability of

facilities to meet the growing power demand.

The following are the grounds for implementation of the facilities:

Stage-1 Project

(1)  The power requirement in the Maharajgunj arca has rapidly grown beyond the forecast.
The area is supplied with power through 2 x 11 kV feeders from the Maharajgunj
~switching station. To meet the growing demand in the area, expand the supply area, and
reduce the voltage drop and energy loss in the central division, the number of feeders at

the station should be increased from the present 2 to 8. Expansion of the supply area
contributes to maintaining stable power supply in other areas in the division. |

For this pui'pose, 8 new 11 kV cubicles will be installed at the Maharajgunj switching
station, including 6 cubicles for new feeders and 2 cubicles for replacement of the

existing old and incapable cubicles.

)] 8 of 11 kV feeders, over about 4 km, will be used in relation to reinforcement of the
upgraded Maharajgunj switching station. |

7 of 11 kV lines, over about 14 km, will act as mainly trunk lines in the weﬁern and
eastern divisions to supply new housing and heavy demand areas to ur gently i improve
voltage regulation and upgrade the distribution capacity of the existing lines.

3 A total of 11.5 km of low-tension lines will be used for extension to new customers and
to upgrade the existing lines for the growing demand in relation to the above-mentioned
11 kV lines.

(4  The maintenance tools, vehicles, and spare parts w:ll be used for the quick and efficient
restoration of equipment at the stations and distribution lines. T hose previously supplied
under the Japan's grant aid projects have deteriorated and are ronning short. These are
the most important items for O/M of the power system.
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Stage-11 Project

(H

(2)

" To meet the growing demand in the valley, anugmentation of the Siuchatar substation is

required by the addition of 3 units of 132/66kV, 12.6 MVA transformers and related
equipment. The substation is now receiving power from the Kulekhani No.2
hydropower station, and is programmed to be connected with the Marsyandi
hydropower station. The 132 kV transmission facilities from the Marsyandi power
station are to be provided under the PSEP.

Augmentation of the substation under this Project mentioned above will be implemented
after the repair of the major roads from India and bridges on the roads which were
seriously damaged by storms and flooding in July 1993, in similar time as completion of
the 132 kV transmission line facilities. |

The 11 kV feeders and their related'low-tensioh tines to be extended and reinforced in
this stage are sublines tapped from the trunk feeders.



Table 5.1  Implementation Schedule

1 2 3 4 5 6 7 8 9 10 11 12

FIRST STAT}E
|
1.1) Detailed Design

(Design} -

' BE= (Confirmation at Site)

(Tender) | - (3.5 Months in Total)

1 | (Tender Evaluation & Contract Signing)

1.2) Procurement and Erectlon
(Desx%n & AFproval of Drellwmgs)
1 (Manufacturing)

I
(Transortatlon) E RN
- (Preparation Wolrks)

R (Route Survey)
(Erectlon of D/L) RN L T

(Erect;on of 11 kV Cubicles)  EEEnNaaE (8.0 Months in Total)

SECOND S’IFAGE

[
2.1) Detail Design

{Design)

Il {(Confirmation at Site)

C—"1 )Tender) (3.0 Months in Total)

T (Ten(}er Evaluation & Contract S gnihg)

2.2) Procurement and Erectlon

: (De{mgn &I Approval of Drawmigs)

{ : i | (Manufacturmg)

(Tral’lSPOIIdtIOI?) AR R s R T T
(Preparatlor: Works)

(Ifoute Siurvey) _
(Erectlon of D/L) RSN

I I ;
I(Erc;,ction c|>f Addi'tional Transformer) NIRRT

Bl (8.5 Months in 'Il‘ofal)




Table 5.2 Major Materials and Equipment to be Provided (1/2)

(First Stage)
Description Unit Quantity
A)  Distribution Facilitics
a) Steel Poles for 11 kV Lines
a-l) FCCCT Triangolar Configuration Sets 341
a-2) 1CCCT Triangular Configuration for Transformers Scls 60
a-d) 1CCCT Triangular Configuration for Sectionalizers Sets 0
a4} 1CCCT Vertical Configuration Sets 0
a-5) 2CCCT Horizontal Configuration Sets 0
2-6) Aerial Cable Configurations Sels 70
b}  Siccl Poles for Low-Tension Line Sets 720
<) 11 kV HAL Insulated Wires
() 200 mm? n 0
c-2) 100 mm? m 45,840
d 600 V AL Insulated Wires
d-n 95 sq.nm m 134,250
d-2) 55 sq.mm m 44,750
d-3) 30 sq.mm m 44,750
c) 11 kV Aerial Cable
e-1) 11 kV CVT-88 3x100 sq.mm (Cu) m 2,920
9] 11 kV Power Cable
1y 11 kV CVT 3x240 sq.mm (Cu) m 9,890
2} 11 kV CVTAZV 3x240 sq.mm (Cu) m ¢
1-3) 11 kV CVTAZV 3x240 sq:mm (Al) m 0
[4) 11 kV CVTAZV 3x200 sqg.mm (Al} m 1,680
{-5) 11 kV CVTAZV 3x100 sq.mm (Al) m 0
2) 600 V Power Cable
g-1} 600 V CVQTAZV 200 sq.mni (Al m 0
g2) 600V CVQTAZV 60 sg.mm {Al} m 0
h) Distribution Transformers with Cut-out Switch
h-1) 100 kVA {pole mounted type) Sets 29
- h2) - 200 kVA (pole mounted type) Sets 31
i) 11 kV Sectionalizers Sets 28
k) 600 V Scrvice Drop Wires ' .
- DV 4C x 38 mm? km 2.0
2y DV 2Cx 25 mm? km 7.7
i3 DV 2C x 6 mm? km 18.7
B} 11 kV Swilching Station Facilities '
a) Marajpunj Switching Station
a-1) 1} kV Ring Main Circuit Circuits 4
a-2) 11 kV Feeder Circnit Circuits 8
a-3) 11 kV Bus Coupler Panel 1
a-4) . Station Service Low Tension Panel Panel l
a-5) Batiery and Charger Set l
b) Bancswar Substation . :
b-1) 11 kV Feeder Circuit Circuits 4
Cy  Maintenance Tools and Vehicles
a) Maintenance Tools
a-1) Hydraulic compressor for conductor joints Sets 2
a-2} Snatch block: 100 mm dia. : Nos. 15
a-3) Wire tensioner: 1.5 fon Nos. 5
a4) Wire tensioner; 5 ton Nos. 2
a-5) Tension meter:” 1 ton Sels 5
a-6) Tension meter: 5 ton Set 1
a-7) Alumioum pulley: 300 mnt dia, Pcs. 30
a-8) Aluminum puiley: 120 mm dia. _Pcs. 50
b) Vehicles )
b-1) 4 WD working truck with on insulated elevator bucket _ Nos. 3
b-2} 3 ton pick up truck Nos. 3
b-3} Light maintenance vehicle Nos. ‘3
D)  Spare Parts
d-1) Sectionalizing Switches ' Nos. 15
d-2) Drop Out Fuse Switches on the primary circuit of transformers Nos. . 375
d-3) Lightning Arresters ' Nos. 375
Nos. 625

d-4) Molded Case Circuit Breakers for the distribution boxes



Table 5.2 Major Materials and Equipment to be Provided (2/2)

(second Stage)

Description Unit Quantity
A)  Distribution Facilitics
a) Steel Polesfor 11 kV Lines
a-1) 1CCCT Triangular Configuration Sets 429
a-2) 1CCCT Triangular Configuration for Transformers Sets 47
a-3) 1CCCT Triangular Configuration for Scciionalizers Sets 10
a-4) LCCCT Vestical Configuration Sets 3
a-5) 2CCCT Horizontal Configuration Sets 0
4-6) Aerial Cable Configuration Sets 0
b)  Steel Poles for Low-Tension Lines Sels 648
<) 11 kv HAL Insulated Wires
c-1) 200 sq.mm m 0
c-2) 100 sq.mm m 68,280
@ 600 V AL Insulated Wires
d-1) 95 squnm m 137,280
d-2) 55 sq.mm m 45,760
d-3) 30 sg.mm m 45,760
€) 11 KV Aerial Cable _
e-1) . 1l kV CVT-SS 3x100 sq.mm (Cu} m 0
)] 11 kV Power Cable
1) H kV CVT 3x240 sg.mm (Cu) m 0
-2) 11 kV CVTAZV 3x240 sg.mm (Cu) m 1,540
{-3) 11 kV CVTAZYV 3x240 sq.mm (Al) m 3,880
{4) 11 XV CVTAZV 32200 sq.mm (AD) m 1,550
£3) 11 kV CVTAZV 3x100 sq.nm (Al) m 5.510
2) 600 V Power Cable
2-1} 600 V CVQTAZYV 200 sq.mm (Al) m 4,800
g2-2) 600 V. CYQTAZYV 60 sq.mm (Al) m 4,800
hy  Distribution Transformers with Cut-out Switch
h-1) 100 kVA (pole mounted type) Sets 26
h-2) 200 kVA (pole mounted type) Sets 20
h-3) - 200 KVA (cubicle lype) Sets 11
i) 11 kV Sectionalizers Sets 16
i Multi-circuit switches Sets 3
B} 11 kV Switching Station Facilities
a) Thapathali Switching Station
a-1) 11 kV Feeder Circuit Circuil i
C)  Substalion Facilities :
a) Single phase transformers, 12.6 MV A 132/66 kV Units 3
b) 132 kV (ransformer bay equipment
b-1) Circuit breaker, 145 kV, 800A, 25 kA Set t
b-2) Disconnecting switch, 145 kV, 800 A Set 1
b-3) Single phase cumrent transformers, 200/5 A Sets 3
B4)  Lightning amresters, 120 kV, 10 kA Sets 3
c) 66 kV transformer bay equipment
c-1) Circuit breaker, 72 kV, 600A, 20 kA Set 1
¢-2) - Disconnecting switch, 72 kV, 600 A Sets 2
3} Single phase potenial transformers, 66/3kV/110V Set 1
c4) Lightning arresters, 75 kV, 10 kA Sets 3
Control facilities Lot 1
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