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PREFACE

- Inresponse to a request from His Majcéty's Government of the Kingdom
‘of Nepal, the Government of Japan decided to conduct a basic design study on

the Extension and Reinforcement of the Power Transmission and Distribution
' ‘Systcm in the Kathmandu Valley and entrusted: the study to the. Japan
_ International Cooperauon Agency (JICA).

JICA sent to Nepal a study team headed by Mr, Toshlkazu Nagashlma
Director of Study Review and Coordmanon Division, Grant Aid Study and
Design Department, JICA and constituted by members of N:ppon Kocl Co., Lud.

from February 2 to March 7, 1992

"I_'he team held discussions with the officials concerned of His Majesty's of

the Kingdom of Government of Nepal, and conducted field surveys at the study

- area,  After the team returned to Japan, further studies were made. Then, the
" present report was prepared. |

1 hope that this report will contribute to the promotion of the Project and to
~ the enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned of His
Majestys Government of the ngdom of Nepal for their close cooperatlon

~ extended to the team.

J uly 1992

er’@/”‘“ﬁj

Kensuke Yanag1ya
President
J apan International Cooperation Agency







- Mr, Kensukc Yanaglya

“President:
Japan International Ceoperauon Agency
Tokyo, Jap'm

Letter of Transmittal

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

This study has been made by Nipﬁon Koei Co., Lid. dated from January
31 to July 15, 1992, in accordance with the Contract. Throughout the study,
we have taken into full consideration the present"situation in Nepal, and have
planned the most appropriate project in the _fram_éwork _bf Japan's grant aid.

We wish to take this opportunity to ‘express our sincere gratitude to the
officials concerned of JICA, the Ministry of Foreign Affairs, the Ministry of
International Trade and Indﬁsu'y; and the Nepalese Embassy in Tokyo. We
also wish to express our deep' grﬁﬁmde to the officials concemed of the Ministry
of Watcr Resomces of Nepal the Nepal Electricity Authority, JJICA Kathmandu
Ofﬁce, and the Japanese Embassy in Kathmandu for their close cooperation and
assistance dunng our study.

~ We hope that this report will be useful for the promotion of the Project.

Véry truly yours,

Téam Leader, Y. Miyagawa

Basic Design Study Team on

Extension and Reinforcement of
Power Transmission and Distribution

System in Kathmandu Valley

Nippon Koei Co., Lid.

Tokyo, Japan
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- SUMMARY

The Kingdom of Nepal isa landlocked country surrounded by Tibet on its north and by India
on its' east, west and south “The area of the country is approxtmately 147 200 km? and its
populauon is, accorclmg t0 the 1991 census about 18. 5 million. Statistics from the Nepa}
Electricity Authority (NEA) anid the 1991 census show an electrification ratio of 9.1% for the
entire nation and 68.5% for the area in the Kathmandu Valley. Demand rate for electricity will
grow rapidly, because the-electrification ratio is low compared with that of other developed
countrie‘s aod the potentiai for power demand is {«éry:t_ﬁgh. ' '

Elecmc power consumpnon in-the Kathmandu Valley is about half that of the entire country
and is deemed to increase. As a result of uevelopmem and reinforcement of the transmission
and dastnbutmn system under financial assistance from mternattonal orgamzattons and forelgn
governments such as the Govérnment’ of J apati (GOJ), power supply in the Valley has
lmproved remarkably The rehabthty and quahty ‘of the power supply have met the rapid
demand i mcrease in the area. However, some problems were observed recently such as over-

' loadmg, excesswe voltage drop oh the dtstrtbutton system deterioration. of power supply -
reliability, etc, the cause of which was supposed to be from a power demand beyond -
expectations, .

Upon a request of HIS Majestys Government of Nepal (HMGN) to GDJ The Japan
Internduonal Cooperatton Agency (JICA) conducted a master plan study on the remforcemem;
- and tmprovement ‘of the wansmission and t:hstrtbutton systems in the Valley in 1990. A
feas1b1hty study- was conducted subsequently in 1991 for the urgently required transmission
and dzstnbunon facilities 1denttﬁed in the master plan and as a result suggested that several
pro_]ects should be tmproved by the end of fiscal year 1995/ 1996.

On the basis of the study results, HMGN requested g,rartt aid from GO]J for extension and
remforcement of the power transmission and distribution systems in the Valley.

: In response to the officml request GOJ dec1ded to conduct a basw destgn study to examine the
viability of the Pro;ect and dlspatched to Nepal a bas1c deszgn study team for 35 days from
February . 2 to Ma.rch 7 1992 The team: surveyed the pro;ect area, collected relevant data and
information for rev1ew1ng the bdstc de31gn and dtscussed techmcal aspects of the Project such

‘as site condmons, survey of the sw:tchmg station, Toute of the underground and dlsmbut:on
: Tines, maintendnce plan by NEA problems of the dlsmbuuon systemm, etc., with the officials of
the Nepa! Electncuy Authortty (NEA) wh:ch is the executmg agency of the Pro;ect



It is judged from a result of the study'th'zit The completion of the Project is a great effective
countermeasure for the current issues of excessive voltage drop and sttem loss, maintaining

stable and reliable power supply, in the Kathmandu valley

As a result of active discussion and exaxmnatton with NEA ﬁeld survey and analysts in Japan, :
four items out of the requested seven items having high pnorlty were setected for the subject of.

the basic study and are shown in Tableal below..

Tabie—l Outlme of the Progect

Items Requested by HMGN - ' Scope in Basm |

| | _ Design Stud y
1.  Augmentation of three 11 kV switching stations. -~ -+ Selected
2. Construction of 11 kV undergronnd cable lines - Selected

_ between the Lainchaur substatton and
 the K2 switching station

3. Reinforcement and 1mpr0vcment of the " Selected
© 11 kV main feeders | Lol
4. Addition of 132/66 kV transformers -+ . Not selected
~ to the Siuchatar substation . e
5. Construction of the new K3 substation " Not sele_cted

Reinforcement and improvement of the 11 kV feeders “Not selected
including a low tension line o o '

7. Tools, instruments and vehicles for aperation Partially selected
__and maintenance of the distribution system B

The following points were modified from the original ;sche:me_:
(1) Scope of works

As atesult of discuss’iom'with NEA, items 4, 5, and 6 in Table-1 abeve 'étre eIimi'netted

from the scope of works as they are not urgentiy reqmred and are deeply related tothe -

remforcement project financed by the Intematmnal Development Assecnatlon (IDA)
(2) Locanon change of the Royal Palace sw1tch1ng station .

-Since the Royal Pdlace sw;tchmg station is an :mportant statton for stable power supplv '

to the downtown area, all acc1dents should be avo:ded especnally, in thts statton AR

Moreover, power supply outage., dunng replacement of delIlthS w1ll dlsturb events. m ;
the palace, as this is the only station to supply power to the palaee A switching statton .

was planned to be constructed near the existing station, aceqrdtng to the propos_al of o

- i -
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NEA and its detailed review. The new station, which will be constructed by NEA with
its own funds, is of great advantage as the outage of power supply to the palace will be
minimized during erection.

Replacement of transformer and low tension cubicle of the Royal Palace switching
station . '

Two transformers (1,000 kVA) and one complétc set of low tension cubicle in the
Royal Palace swnchmg station should be renewed, since these facilities are so overaged
that an accident in the facilities may affect the entire dlsmbutlon system in the
Katlimandu area.

?:I.nStall'at_iQn' of underground _cablé, between Lainchaur and K2

Double circuit underground cable is more advantageous than single circuit for the

: followmg three reasons: First, reliability of power supply to the downtown area will
.1mprovc significantly. Second, a' double circuit of 240 mm2, 3 cores, 2 cables is able to
‘be constructed with small additional cost, compared with a single circuit of 325 mm?2,
: smgIe core, 4 cables recommended in the feasibility study. Finally, to install one more

circuit in the future i in addltlon to thc ongmal single circuit is not only costly but also

N 'chfﬁcult to control trafﬁc whcn mstalhng the dddmonal cireuit,

G

Asd re'suit of the 'stUdy on the cable route, the cable route has been modified from the

‘original Kariti Path street route to Darbar Marga street route via the Royal Palace. This

minimizes the effect on the trafﬁc during instaliation of the underground cables and the

trees which line both sides of the street. - - -

Inéulated Cable -

. The lme conductor is'modified from the ongmal ACSR bare conductors to insulated

HAL wires in ordcr to prevem fdults from earth and/or short circuit.

. __Tripping frcqgcncy (_}_f -the circuit brcaker__s in th_e feeders in the Kathmandu Valley
“records 29 ;times per feeder per year in average, which hinders reliable power supply to
the Kathmandu Valley. The tripping of circuit breakers is mostly caused by short circuit
faults dueto linc-.to_-li_h_e touch or earth fault due to line-to-earth touch, us‘ually trees.

- However, recent env@rbnmental::protcction policy makes it difficult to get permission
:frgxn_'t_he.'cq_i_lgcrnf;d authority to trim such trees..Thc adoption of insulated wires is,

hence, not only a proper measure to reduce maintenance costs of trimming trees but
also a safe way to reduce the tripping frequency of circuit breakers.

- iii -



Judging from the amount of ‘works and construction period of the facilities, a'two stage
construction is recommended for the project in coxmderdtwn of the construcnon period for
seven and half months for the Stage-1 and elght momhs for the Stage-2 as ‘shown in Table-2

below.
- Table-2
Constraction _ o | - Facilities
Stage s ' '

Stage-1 ) Construction of the 11 kV underground cable lines between the Lainchaur
substation and the K2 switching station
b) 11 kV main feeders *!

~¢) Tools, instruments and vehicles for opcranon and mamtcnance of the
: : distribution system o _
Stage-2  a) Augmcntanon of three 11 kV sw1tchmg stations

o b) Remaining 1kV distribution feeders. . .

Remark: *] - in_cludes Sunda’rijai, Boudha-Jorpati, Thankot, Baneswar, N_agafkot lines and

a part of the lines in the cemral area

- If the PTO]BCt is 1mplcmcnted uncier grant ald from GOJ it 1s rccommcnded that Japan

undertake preparation of tender documents, evaluauon of tendcrs, procuremcnt of cqmpment 2

and materials, erection of delhtICS a_n_d cons_trucuon supervision of ;_he entire works, while
HMGN assist the project implementation politically and legislatively by getting all the
necessary permission, negotiating with residents, and all other works necessary to.,p_errform the
Project. g ' o

HMGN has med to supply electric power to as many peoplc as pcass1bie by developmg
distribution lines in the country. Developmg mdusmcs upgrading livelihood and the high
electrification ratio of 68.5% in the Valley are the results of such good effort from HMGN and
NEA. However, thc latest power demand is still at a very high level. -

“Although 'populauon of the Valley in 1991 was approximat'e‘ly’ l.l'mlllioni Which_'_wé_s about
6% of the iotal population in Nepal, 47% of clectric energy was consumed in this area.
Therefore, the extension and reinforcement of the distribution syrstem in the Kathmandu area
will have a- large effect on the country. Morcover the completton ‘of ‘the Project will.
mgmﬁcantly contubute to upgrading the livelihood of the résidents in the Kathmandu Vallcy as
well as developing the tourism mdustry, stabilizing the polmcal and economlc condmons in. the
country, etc. The expenenced staff of NEA, developed: durmg the prcvmus three transmission
and distribution line projects in the 19805 and its ﬁnancml capauty will be a grcat help in
maklng the PrOJect successful :

-V -
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CHAPTER 1
INTRODUCTION

The ngdom of Nepal is a land-locked country surrounded by Tibet on its north and by
India on its ecast, west and qouth The area of the counuy is about 147, 200 km2 and the
populdnon according to the 1991 census, is about 18,462 00'0 ‘The elecmﬁcatmn ratio of
the entire countiry, based on the 1991 census and the Nepal Elecmcny Authority (NEA) $
statistic data, is 9.1% and 68.5% in the Kathmandu Valley. Demand is expected to grow at
a higher rate in the future, since the electrification ratio is snll low and there is a Iarge
| potcnnal for power demand. '

Electric power supply in the Va}ley was established in 1911 _fro'm the Pharping small

hydropower station. Although the power supply system had been expanded by construction-
of new power stations and power transmission and distribution facilities, power supply in

the Valley in the late 1970s 1o the ea.rly 1980s was in a very poor condition. In order to

improve the situation, hyd:opower developmcnt projects such as Dcvzghat Kulekhani I
 Kulekhani II and Marsyangd1 were implemented under. the financial assistance of the

Intemanonal Dcvclopment Association (IDA) and foreign countries like India, Japan and

‘German. Besides the hydropower developments reinforcement of the transmission and
distribution system was also conducted under three grant aid projects from the Government -
of Japan (GOJ) in the 1980s. As a result of such development and reinforcement of the

system, power supply in the Val}cy has improved remarkably and become more reliable and
stable. This has met the rapld demand increase in the area. The power supply system in the

Valley, however will face some problems soon like over-loading, shortage of transformer
capa(:lty, excessive voltage drop on the distribution system, deterioration of power supply
) re_hablhty etc., since the system demand is growing at a higher rate than that forecasted in

the past. '

The G{)J conducted, upon a request of His 'Majesty's Government of Nepal (HMGN), a
‘Master Plan Study on the reinforcement and improvement of the transmission and
distribution system in the Valley in 1990 and a Feasibility Study for the urgently required
~ transmission and distribution facilities identified in the Master Plan.

On the basis of the study results, HMGN requested Grant Aid from GOJ for extension and
r_einforcemant_of the power transmi_ssion and distribution system in the Val!ey (the Project).

_ In responsc to the official rcquest, GOJ demded to conduct a Basm Design Study to examine
the wabﬂ:ty of the PI'O_[GCI The Japan Imernauonal Cooperation Agency (JICA) dispatched a

1-1



Basic Design Study Team to Nepal headed by Mr. T. Nagashima, JICA, for 35 days from
February 2 to March 7, 1992.. The team surveyed the project area, coliected relevant data .
and information for reviewing the Basic Design and discussed technical aspects of thc
Project with the officials of NEA which is the executing agency of the Project.

A list of the survey team members, survey schedule, concerned parties in the recipient
country and minutes of discussions are given in Appendjces I'—l, 1-2, 1-3,1-4and 1-5. o

The report mcludes conclusions and recommendations, a project evaluation, and an
implementation program based on the analysis of the results at the site investigation and

technical requirements of the Project.

S 1-2
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2.1

CHAPTER 2
BACKGROUND OF THE PROJE(,T

Background of the Project

2.1.1 Outline of Power Sector

(1)

Genéral

-----

' power plams but itis basmally a hydro dominant system. Total installed capacity of

power generating facﬂn_lcs was 293, 3IMW, of which 81% (2_38 2 MW) was

‘generated by hydropower. Solar power plants having a capacity of 130 kW (3 sites)
ate located in remote mountainous area. Most of the diesel power plants are not in

operatiori due to lack of spare parts, and only six pov{/e'r plants, including the Morang
multi-fuel power station which was completed in 1991, are prcsently operable

' (36 4 MW). .

In additicn o the above existing poWer :generati'ng facilities, small and mini-
hydropower plants'having installed capacity of 14.4 MW in total are under
construction. The detaﬂs of existing facﬂmes and facilities under construction are

gwen in Table 2.1.

In or_dc_r 10 d_elivcr,the\'power generated at those pdwer stations '_to. the demands,

power transmission and distﬁbuti_onrsystems are operated, as seen in Figure 2.1.

Th_é preSent- t;an.éfr;ission line voltages émployed in the country are 132 kV, 66 kV
and 33 kV, and 11 kV, 3.3 kV and 400-230V for the distribution system.

The 132 kV power transmission _éy_étcm has been extended to cover the major load

cent_crs_ove’rI,OOO'circﬁit'km in the country, with financial assistance of foreign

countries.

Historical records of generation, peak demand, sold energy and line losses in the
‘interconnected system over the last 10 years are summarized below.



Year Generation " Peak Demand SoldEnergy ©  Losses

“GWRy . W) (W) @WR (%)
1980/81 2354 595 1644 70 302
1981/82 L2752 751 1864 - 888 323
1982/83 347.0 837 2356 1144 321
1983/84 3824 968 2523 1300 340
1984/85 42038 045 2930 1278 304
1985/86 4885 1'1_3:: 3414 147.1 30.1
1986/87 710 1230 4026 1684 29.5
osiEe 628 1352 4652 1633, 260
1988/89 672.3 1495 . 4962 1761 262
1989/90 7718 1762 5415 w28 289
199091 9023 . 2040 6646 2377 263
Average Increase (%) |
80/81-85/86. 157 138 157 153
85/86-90/91 131 124 143 0.1

80/81-90/91 : 14.4 131 . 150 128

Note: (1) Generation includes imports from India
' 2) Sold energy includes exports to India.
3 Losses = (Gencrauon Sold EnergY)l(Generanon)

A demand forecast worked out in the master plan study for extension and remt'orccmcnt of
‘power transmission and distribution in the- Kathmandu Valley made by JICA in 1990 is the
only current area-wise demand forecast in the Kathmandu Valley available. The results of
the study are summarized below; -

Demand Forecast of K i

Amea  __1989/90 1995/96 .. 2000/01
GWh MW GWh MW GWh MW

Kathmandu Central 1182 39.8 1734 527 2489 698 .
KahmanduWesem 334 112 716 2L7. 1331 374
KahmanduEastem 418 - 141 878 267 . 1612 453

Lalitpur 420 41 T2 222 1194 434
Bhakmpur 147 49 304 92 557 156

Total 2501 841 4364 1325 7183 2115 .




2.1.2 Development Schemes

(1)

@

@

4)

In order to reinforce and improve the existing power system in the country, several
development schemes as underrnennoned are in progress or under planning at

' present
Generating Plants -

;For development of power generatmg projects, only the Jhimruk hydropower project

having an installed capacity of 12 MW and a few small hydropower plants are under

“construction. The time schedule for further development projects such as Arun-3

{402 MW), Kali Gandaki-A (9'0' MW), etc. has not been fixed yet. However,
recently there is a new proposal to reduce the installed capacity of the Arun-3 project
to 201 MW,

- _Sub-transmrssron and distribution_ lines in the Terai Plain

Under the Asian DeveIopment Bank (ADB)'s ﬁna’nce the Sixth and Seventh projeéts

.'_whxch are for extensron and reinforcement of the sub- t.ransmtsston (33 kV) and

distribution system are presently under way in the Terai Plam

' Power sector efficiency project (PSEP)

As a result of Pdwer Sector Review conducted with the assistance of consultants

' under the Thu‘d Techmcal Progect of IDA (Cr. 19()2 NEP), the Power Sector
_ Efﬁcxency Pro_tect (PSEP) was formulated to address power mhabthtauon investment

needs and NEA's institutional development as well as to support actions in energy

e con'servation -and assist in the implementation of the Marsyangdi Catchment
. Management Pilot Project (MCMPP).

One of mejorfcompc'mems of PSEP is the "HV Transmission/Substation

- Reinforcement Project in the Kathmandu Valley". The project consists of (i)
‘augmentation of transformer capacity, (i) construction of two 66/11 kV substations,

(iti).construction of transmission lines, and (iv) supply of equipment, spare parts,

and fools.

Loss_ redection_progr_am

-Annual system losses of the power system averaged around 30% of gross
| generatton Such hlgh system losses have been a critical factor affecting NEA's
_op-erauonal and ﬁnanmal performance “Technical and non-technical losses are caused

primarily by improperly and inadequately planned distribution systems such as
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overloadcd transformers, ovcrcxtendcd lines, - underratcd lines, poor service
~ connections, poor power factors, etc., while 1mproper bmmg, illegal connections-
and mcorrect metermg are the pnmary cduses of the non-techmcal losses.

Under such circumstances, IDA prov1ded ﬁnance for the System Loss Study in 1986
(Phase I) and for loss reduction i in the Kathmandu Valley (Phase II) in 1989. Phase
m program would continue Phase Il works in the Kathmandu Valley and extend the
successful elements to the rest of the country financed by thc remamdcr of the loan
from the Marsyangdi Hydroelecmc Power Pro_;ect

2.1.3 Necessity of the Project

¥n addition to some major hydropower plants like Dev1ghat Kulckham I, Kulekham II and
Marsyangdi have been constructed in the 1980s from financial assistance received from
India, Japan and IDA, the reinforcement of the power transmission and distribution system
in the Kathmandu Valley was also implemented under thxee Grant Aids froni GOJ, aiming at
sausfactory operatlon of the system in the year 1990. '

Through such system feinforcement and power dcvclopmcnt ‘power supply in the Valley
has improved remarkably and become more reliable and stable. However, this systcm will
face over-loading, excessive voltage drops and detenoratlon of rehabxhty soon, Vsmcc the
system demand is growing at a hlghcr rate than that forccasted in the past '

Tn fact, such issues as over- loadmg on transfonners, cxccsswe voltagc drop of sub-
transmission and distribution lines, remarkable decrease of supply rehabxhty, etc have

occurred in the system.

In order to examine the issues inhering in the Vélléy‘s p{)wer"System the Master Plan and
Feasibility Study on extension and reinforcement of power transmission and the distribution
system in the Valley were conducted by JICA in 1990 and 1991

The study recommended to 1mplcment (a) addition and replacement of 11 kV cub1cles, (b)
addition of new 11kV underground cable line, (c) reinforcement and’ 1mprovement of
11 kV main lines, {(d) addition of 132/66 KV transformcr (e) construction of a new 66 kV
substation, (f) reinforcement and 1mprovcmcm of 11 kV distribution lmes and low tension
lines, and (g) supply of maintenance materials and tools. '

The immediate benefit from the compietlon of the Pro_]ect will be stabie and rchablc powcr
supply which i is cxpected not only to 1mprove thc functlomng of thc capltal Kathmandu, but
also upgrade the standard of living i in the Kathmandu Vallcy and 1ncrease the producnon of



industry including cottage industries. Kathmandu is the center at the Nepalese Society
whether it be politics, administration, economics, finance or culture.

It is also expected to decrease the expenditure of HMGN by reducing electric energy loss
and to conserve forest resources by the effective use of electric energy.

2.1.4 Exécuting Ag_ency

The executing agcncy of the Project is Nepal Electricity Authonty (NEA) administratively
~ organized under the Ministry of Water Resources (MWR), . NEA is rcsponmble for the
planning, constraction, operation and,mamtenance of all generanon, transmission and
distribution facilities in Ncpai"s interconnected power system and principal isolated systems.
NEA's board presently consists of 10 members, the Minister of Water Resources is the
chairman. NEA has six (6) directorates, Finance and Personnel Administration, Planning,
Engmccnng, Construction, Operation/Maintenance and Distribution/Consumer Service, as
seen in Flgure 2.2. S

The Dismbution/Consumer Serv1cc Directorate (DCS) of NEA will have rcsponsxblhty for
_ cxccunnff the Pl'Q]CCt for extcnsmn and remforcement of power transmission and dlstnbuuon
inthe Kathmandu Valley L

In order to take the necessary measures for a smooth implementation of the Project, a
separate "Project Office” will be established under the directorate . '

2.2 O’utline_ of the Request '

In order. 10 minforée and im;irdve the deteriorating fransmission and distfibutioﬁ system in
the Kathmandu Vallcy, HMGN requested GOJ to 1mplcmcnt the followmg facxhucs '

(a) _ Augmentanon of three 11 ch sthchmg stanons _

(b) - Construction of 11.kV undcrground cable lines between thc Lainchaur

. substatxon and the K2 swuchmg station (1.9 km)

© Rcmforcement and improvement of 11 kV main feeders (about 45 km)

(d) -~ Addition of 132/66 kV transformers to the Siuchatar substation (3 X
. 12.6 MVAssingle phase transformers) :

(e) Construction of a new K3 substation (66/11 kV 2x18 MVA)

o - Remforcemem and 1mprovcmcnt of the 11 KV feeders including a low

. tension line (11 kV: 40km, LV: 150km)
- (g)  Tools, instruments and. vehicles for operation and mamtenance of the
- distribution system.
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It is, however, noted that after discussion betweeni NEA and the Study Team, items (a) (b), |
(c), and (g) were finally retained, as discussed in Chaptcr 5 hereinafter.

For executing the Pl‘OjeCt MEA intends to employ a consultant for the following works:

- Detailed design of the facilities

- Preparation of tender documents

- Evaluation of tenders |

- Checking and approval of contractor's d:a\mngs

- Factory mspectlon before shipment ~ '

- Assist NEA in managing nnplementauon of the Pro;ect
- Canstmcuon supervision - '
- - Other supervisory work for 1mplementmg the Project

2.3 - Qutline of The Project Area
2.3.1 Gener'al

Kathmandu is the capital of Nepal and the blggest city in the country. It has prospercd as the -
'centcr for pohm.s, admxmstrat:on economlcs ﬁnance, culture, etc. since the medlcval tlmes _
The area of the Kathmandu Valley is 899 km? and its population in 1991 was. about
1.1 mﬂhon which is 6% of total populanon in Nepal. The Valley is admxmstratlvely divided
into three areas, Kathmandu, Lahtpur and Rhaktapur, -

The urban areas of Kathmandu and Lalitpur districts are surrounded by an asphalt-paved
high- way c:dlled the "Ring Road". Inside the Ring Road, most of roads are rather narrow
but paved with’ aSphaIt Outside the Ring Roads, roads cxcept for trunk roads, are gravel '

Overseas telephone commumcatmn and facs1m11e services in Kathmandu hava dlrcct dlalmg
access. A water supply scrvme system in the town areas of Kathmandu, Lalitpur and
Bhaktapur has been in opsratlon since the Ranas dynasty and 1mprovements 1o the water
supply system have been complctcd successfully In rural areas, some hamlets have some
small scale water supply systems ' ' '

2.3.2 Pﬁwer Network in the Kathmandu Valley
(1) Power supply to the Kathmandu Valley

Power is supplied to the Kathrnandu Valley from the Marsyanodl and Kulekham
power stations through 132 kV transmission lines and from the Kulekham 1, Tnsuh,
Devighat, and Sunkosi power stations through 66 kV transmission lines. Power
delivered through 132 kV transmission lines is stepped down to 66 kV at the
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Siuchatar and Balaju substations, and from there delivered to distribution substations
in the town by 66 kV wransmission lines.

There are six (6) 66/11 kV distribution substations having a transformer capacity of
148.9 MVA in total. The Lainchaur and Balaju substations are provided with the
latest: Gas ""I'nsulated Switchgears (GIS), while the other substations have
'convcmmnal outdoor switchgears.- Thc Sunkosi feeder from New Patan substation -

has a very old- fdshloned sw1tchgear

Distribution Facﬂmes

The electmc powcr stcpped down t0 the dlsmbuuon hne voltaga of 11 kV at the
above-mentioned substations is supplied to the end customers through the Ring Main
switching: stations - 11 kV distribution lines - pole transformers - low-tension

distribution lines,

Ring Main System and Switchin ti

The so-called Ring Main has served reliable power to the Kathmandu city center area
since: the 1960s. The Ring Main system consists of 11 KV double circuits of _
Aluminium C(’)_ndu'c't'bf Steel Reinforced (ACSR) 200 sq.mm lines and several
switching stations. From those switching stations on the Ring Main and distribution
substations, 11 kV pnmary distribution lines are extended for power supply to

consumers on low voltage lmes through 11 kKV/400-230V pole-mounted

transformers "The power supply system in the Kathmandu Vallcy involving the
Ring Main and switching stations are illustrated in Figure 2.3, and details of the

'11 kV Ring Main lines as well as 11 kV switchgear installed in the substations and

switching station are summarized in Table 2.2 and 2.3.
1 kV Distribution Lines and Distribution Transformer

In order to supply electric power to the customers in the Kathmandu Valley, 11 kV

- distribution lines having 58 feeders and 590 km in total are extended.

Disﬂ‘ibution transformers (11 kV/400-230V) installed in the Valley as of 1991
totaled 1,481 units and 224 MVA in capacity. Unit capacity of the transformers

ranged from 5 kVA to 1,600 kVA and the majority are 250 kVA in urban areas,

100 kVA in city areas and 50 KVA in rural areas. - Principally, all the larger
n‘ans_fonncrs are three-phase type. Thc small;r size single-phase transformers are

used for light loads in remote areas.
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" Low-tension Distribution Network

The low-tension distribution network connected to the low-tension side of the
distribution transformers supplies eleciricity to low-tension consumers through a
4007230V, th'ree-phas'e, four-wire system. Low tension lines are radial feeder type
and most of them are overhead lines. In city areas, most of the. dlsmbutaon hnes are

commonly used for wirés for street hghung

ACSR conductors of var"ious sizes are used for the trunk lines. Insulated wires and
aerial cables are also applied on pole supporis and/or on the walls of buildings in
some areas of the city center which are densely populatcd and congested wnh houses

and bulldmgs w1th narrow roads

2.3.3 Power Demand in the Kathmandu Yalley

Number of customers and elecmc encrgy sold in 1990/91 by area and demand sector are

given below:
mers and Sold Energy in Kathmandu Val
Nepal _ I Kathma_hdﬁ . .
Kathmandu I._.alitpur Bhaktapur Total
Number_ofCustome;s' _ | ' | | o
. Residentil 304941 87972 30,603 20,572 139,147 (46%)
- Commercial & Non- 7,570 762 260 147 L0178 (16%)
Commercial ' : - _ S _
. Industrial 8324 1,586 52'1’ 408 2513 (30%)
- Others 1466 100 15 % B OB
Total 322301 90420 31408 21,141 142,969 (44%)
Sold Energy (MWh) :
- Residential 261399 121,495 27517 . 8,884 157,897 (60%)
- Commercial & Non- ~ 82870 44899 7,169 1,856 53925 ' (65%)
Commercial o o '
- Industrial 206881 31278 11882 4444 47604 (3%)
. Others 37611 12229 - 590 1,797 14613 (39%)
Total 588761 209 901' 47, 158 16981 274,030 (47%)
~ Remarks: 8; "Nepal“ cxc]udes exporttolncha o .. | C

Electrification ratios as of June 1991 were as below:

- Percent in ( ) shows ratio against "Nepal"
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. Houscheld Customer ER (%)
Nepal 3,345,052 304,941 9.1
Kathmandu Valley _ 203,1_4’2 139,147 68.5
a2  Kathmandu 129,083 87.972 68.2
by  Lalitpur 45,997 30,603 66.5
¢)  Bhaktapur 20,572 73.3

28,062
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KTM-BD-153E

Table 2.1 . - Existing Generating Equipment

E. Solar Power Plants

130

z - (As of end/1991)
Power Plant Unit Unit  Installed Available Datein Region Remarks
. Nos, Capacity Capacity ountput __ Services
' ' (kW) (kW) (kW)
_ A. Major Hydro Plants : - :
 a.l) Existing Planis. o : - :
1. Trisuli. .. 7 3,000 21,000 18,000 1962/70 Central  6-unit only operable
2. Sunkosi 3 - 3350 - 10,050 5800 1973 Central -
3. Gandak 3 5000 15000 - 9400 1979 Western
4. Kuilekhani No.1 2 30,0000 60,000 60,000 1982 Central :
5. Devighat 3 4,700 14,100 14,100 1984 - Central  Tandem with Trisuli
*'6. - Kulekhani No.2 2 16,000 32,000 - 32,000 - 1986 Central  Tandem with K1-1
7. Marsyangdi 3 23,000 69,000 63,000 1950 = Westem
8. - AndhiKhola- . 2 -2,550 5,100 5,000 91/06/02  Western
Total 23 226,250 207,300
a.2) Under Construction
1.  Jhmruk Pinthan 3 4,000 12,000 (1994) Western
B. Integrated Small Hydro Piants
b.1) Existing Plants . .
1. Panauli '3 800 2,400 63/64 Ceniral
2, Sundarijal 2 300 600 Ceniral
3. Phewa(Pokhara) 4 2712 1,088 - 66/69 Western
4, Seti 3 500 1,500 © 1985 Western
5. Buwwal(Tinau) 2 470 940 1974 °  Westem
: 1 345 345 :
Total 15 6,873
C. Isolated Small Hydro Plants
c.1) Existing 53 5416 31stations
¢.2) Under Construction 11 2,650 5 stations
D. Diesel Planis -
-1, Hetauda - 14,450 10,600 Central
2. Morang(B.nagar) 4 6,500 26,000 26,000 1991 Eastern
3. Others - 14,213 440
4 54,663 36440
3 siles

Remark ; Kﬁléklizmi No.1 and No.2 share a c_onﬁnon hydraulic system and can only operated in "tandem” as

(30+16)=46MW unit. similary, unit outage at Trisuli rervircs reduction at Devighat,

Sources: NEA's information and 1990/21 Annual Report



Existing 11kV Ring Main System

KTM-BD-151E Table 2.2
No. 11kV Line Circuit  Voltage Length = Conductor
(From) (To) (kV) . (km) Size.

1 Balaju Maharajgunj 8C 1 45 © 02sqgin
2 Balaju Old Chabel sC .11 9.0 1 02sq.in
3 Teku Thapathali DCUGE) i1 1.7 . 200sq. mm
4 Balaju Teku - DC 11 3.8 0.2sg.in’

-5 Teku Siuchatar DC 11 25 - 02sgin ¢
6 Teku * New Patan - DC 11 45 02sq.in’
7 New Patan K-2 DC 11 4.8  0.2sq. in-
8 K2 - Royal Palace-_ SC(UGC) - 11 10 240sq.mm
g K2 Lainchaur .~ - SCUGE) . 11 1.7 240sq. mm
10 Lainchaur © Royal Palace SC(UGC) 11 0.7 240sq.mm -
11 Maharajgunj Old Chabel ORI § 27  02sqin -
12 Old Chabel  New Chabel DC- 11 1.0 02sq.in
13 New Chabel Bhaktapur- DC 11 9.6 02sq.in
14 Bhaktapur  Thimi DC 11 3.2 - 02sg.in.
15 Thimi New Patan DC 11 79 02sq.in
16 Old Patan New Patan DC(Cable) 11 005 Olsgin

Sources :- NEA .
Remarks : -~ UGC = Under ground power cables

SC = Single circuit
DC = Double circuit
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CHAPTER 3
OUTLINE OF THE PROJEC'

3.1 Project Objectives

As afbrémcntioned, Kathmandu is the most important center of Nepal and if the power
supply system in the Kathmandu Valley is not addressed soon it will face problems such as
ovcr—loading, excessive voltage drop. on the distribution system, deterioration of power
supply reliability, etc., since the system demand is growing at a higher rate than that
forecasted in the past. The Project aims not only t0 support the polmcal and economical
actmty of the capital of Kathmandu, but also to contribute to betterment of living standards
and i mcrcasc the cmployment opportumtles in the industrial sector throngh stable and reliable
power supply. It will also improve the cost efﬁc1cncy by reducmg system losses and
operation and maintenance costs by reinforcement of the power transmission and dxstnbutlon
facilities which need countermeasures urgently.

3.2 ,Examinaﬁon_ of the Request
3.2.1 Necessity and A'pjp'ropri.ateness of the Project

Nécessity and appropn'ateiless' of the Projébt have béen cdnﬁfmed'through a series of
discussions with ofﬁcuals of HMGN and NEA, dctaﬂ site investigation and analysis in
Japan Thc ﬁndmg are as folIows ‘

(a) Slmll&l’ pro_|ects for remforcement of power transmission and dlstrxbutlon
facilities in the Valley are under way, (refer to Section 3.2.2), and cover the
upper and lower stream portions of power supply system. The Pro_]ect does
not overlap with these projects and directly meets the requirements of the
people in the Valley. - | '

(b) ~ Mostof the 1 1 kV trunk lines cover both the urban and rural areas, however,
customers in rural area are facing excessive voltage drops, while customers
in urban areas are facing frequent powér supply outage due to line faults in

" the rural areas. ‘An effective countermeasure is to separate the power supply
into urban and rural areas by adding another new line feeder, as planned in
the Project. ' o

- (¢) ~Inorderto reduce the frequency of circuit breaker tripping, which is the main
cause of short circuits and line-to-ground faults from the use of bare
conductors, insulated cables will be adopted for both 11 kV and low tension
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lines. Insulated cables are also effective in lengthening the life of circuit
breakers and minimizing the Inaintenance cost of clem'ing of right-of-way.

The Ring Main system was cstabhshcd in the 19603 and some equipment
installed at that time is now out of date. The rated capacity of circuit breakers
in city area is lower than the expected short circuit current in the system
which has increased because of the expansxon of the power supply sys{em in
Nepal. Some of the old 11 kV eqmpment is planned to be repiaced under the
Project to avoid further problems.

Défﬁégcd.equipment in the Royal Palace switching station will hinder power
' shpf)ly to the downtown area, since the switching station is a relay point for
the power supply. Therefore, 10 have a stablé ﬁower sup'ply it is very

Important to Improve the old cqmpment in the exlstmg switching station and :
to install new equlpmcnt for easy operatmn and maintenance. '

There is shortage of quahfxed reliable contractors for erection of the
distribution system are not available in Nepal Most of the routine extensions
and rehabilitation works on the distribution system are done by NEA staff
itself. Therefore, in order 1o compie:c the work in time a supply and erection -
contract shouid be consuiered for the 1mplementat10n of the PTOJect '

About 68% of total population (1 10 tho_usan.d) _ip _th(_t _Valley enjoys g:Iec’t_:('_icity
supply at present, including many government offices, ‘banks, foreign
agencies, hotels, etc. The Project will have a large effect on the political and

economical stability in the country.

3.2.2 Related Similar Projects

The following projects for the reinforcement énd upgrading of the existing power |
transmission and distribution system in the Kathmandu Valley are in progress w1th financial
assistance from international orgamzanons and ferelgn govemments

(1)  Power Sector Efﬁcxency Pro_lec,t (PSEP)

As explained in Sectlon 2. i 2 the. HV Transmlssmn/Substat:on Reinforcement -
Project in the Kathmandu Valle_y aims to augment the capacity of the power
transmission facilities in the Valley and consists of the following. '

(a)

Construction of a 132 kV transmission line for connecting the Marsyangdi -
Balaju line to the Siuchatar substation. o '
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(b) Upgrading the Teku switching station to a 66 k\’ substation and construction
of a related 66 kV transmission line.

(¢}  Augmentation of transformers at the Baneswar and Lainchaur substations.

_(d-)-_. Constructlon of a new 66kV substauon in Bhaktapur area and a
transmission line (132 kV desrgn) between the new substation and
Buthanilkanth and i mcommg line from the Sunkosi-Patan line.

Commencement of the above pro_;ect has been delayed due to the issue of elecmcrty
tariff i increase recommended by IDA. The tender for supply and erection of the

_ pro_]ect, however, is in progress. The HMGN has apphed a new electricity tariff

with about a 60% increase in rate since November 1991,

Though procurenrent of poWer transmission line materials and substation equipment
and erection under PSEP will be done in parallel with the implementation of the
Project, the construction schedule of the Project will not be disturbed by PSEP,
except for‘conneCting 11 kV distribution lines to the new Bhaktapur substation,
which will be done by NEA after completion of the Bhaktapur substation, no work
sites for the Project will overlaped with PSEP.

Re_sto_ranon of 66 kV and 11 k_V swrtchmg equrpment in the Lainchaur substation.

All swnchmg equipment of. 66 kV and 11 kV at the Lalnchaur substation burnt
down i 1n July 1990 by fire in a 11kV cubicle. The restorauon of the switching
equrpment is in progress under the finance from KfW, as part of additional works
for the Marsyangdi Hydroelectric Project. It is anticipated to be completed by the
end of May this year.

11 kV cubicles for connecting the cables between the Lainchaur substation and the
K2 switching station to be constructed under the Project are installed under the
restoration works. There is no problem for the implementation of the Project.

Additional stringing of second circuit conductors on the 66 kV double circuit towers

This work is planned to be done with fmance from NEA The necessary conductors

have already been procured. Besides tenders for procurement of the insulators and
hardware materials, and erection work are scheduled to begm in a short time.

The necessary 66KV swuchmg equlpment at both the Sluchatar and Patan substauon

 is included in the PSEP.
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This plan has no direct relationship' with the Project, but‘ will contribute to the
improvement of unreliable power supply to the Patan, Raneswar and Baktapur area.

(4)  Loss Reduction Project (LRP)

Phase 11 of LRP isin progrcss and Phase T1I wﬂi connnue w1th reallocanon of the
“remaining loan for the Mar syangdx Hydmclecmc Power Pro;cct The Phasc III of

LRP includes improving the connections of low tension distribution lgnes and service

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

out of the Kathmandu Valley. This plan will riot disturb the Project, since LRP

covers the lower stream portions of the powcr dlsmbutlon system whlch will be
A 1mproved under the iject : : ' : =

3.2.3 Components of the Project

The components of the Project requested by the HMGN for the extension of the grant aid
from the'GOJ and selected in the Basic Design Study are as follows: .

Components requested by HMGN ~~ Components selected in the
| Basic Design Study

1. chlacement of i1 KV cublbles at- the Royal | - Selected
Palace, Old Patan and Old Chabel - IR

2. --11 KV underground cable laying between the - Selected.
Lainchaur substation and the K2 switching :
station - _

3. Rciﬁfofcément and improvement of main 11 ~ = Selected B
KV feeders . I

4, Additional 132/66 KV transformer at the  Not selected

Siuchatar substation ‘

Constructlon of a new K3 substauon - Notselected
Extensxon and rcmforccmenz of a IIKV and o ) |
low tcnsmn chstnbuuon hne o o _"No'tisééléctécii. o

7. Mamtenance tools o ~ Partially selected




The Project componahts requested by HMGN are selected on the basis of the feasibility
study enforced by JICA in 1991,

The results of discussions and examinations with NEA on the basic design study are shown
in attached Appendix "Minutes of Meeting". Four project components mentioned above
havc a high prlomy in the feamblhty study mport and are selected for this basic design study.

The reinforcement and 1mprovement works of the selected facﬂmcs are appropriate
countermeasures, explained below, for maintaining stable and reliable power supply in the
Valley and preventing excessive voltage drop and increase of system losses. However, the
remaining three items are recommended to be implemented in the future, since reinforcement
of those facilities is needed to'imprbyed the problems which will occur around 1995/96.

{1}  Replacemeént of 11 KV cubicles

The rated brealgiﬁg capacity of the 11 kV cubicles at the Royal Palace, Old Patan and
oud Cha.bel_- switching stations is lower than the computed short-circuit current of the
present system. These cubicles will be replaced with new ones having amplé
breakmg capacity agamst the estlmdted short-circuit current, in order to avoid
recurrence of accidents such as the death of operators and fire caused by the bursting
of the circuit breaker from the fauit current of a short-circuit on the system at the

Lamchaur substatmn

The replacement of cubicles will contribute greatly to reliable power supply to the
Kathmandu Valley.

(2) . Laymg undcrgmund cables between the Lamchaur substation and the K2 swnchmg
station

~ Power demand in the most populated.ccjntml area of Kathmandu is delivered from the
K2 'Switching station of which clectric power is supplied through 11kV
underground cables lines from the Lainchaur substation and 11 kV double circuit
overhead lines from the New Patan substation.

The power supply in the center of Kathmandu is unreliable due to the deterioration of

the existing underground cables which were constructed in the early 1960s. In case

~* some trouble occurs on the cable line, the power demand in'the central area will be

' supphed from the New Patan substanon ‘Under this condition, load sheddmg will be

"necessary to ‘avoid overloadmg the main transformcrs in the New Patan substation
and 11kV overhead lines in this area.
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Replacement of the underground cable lines between the Lainchaur substation and
the K2 switching station will improve and maintain stable and reliable power supply

to the center of Kathmandu.
(3) - Extension and reinforcement of major feeders .

Urgent extension and reinforcement of ‘t_he following 11 kV feeder lines were

requested:
(@) Boudha - Jorpati feeder Separation of supply area :ir_l'r'ura'l and city
' areas with an addidonal new feeder
(b) Sundarijar feeder | Upgrading of ex-istihg_ .eondqctors ~and
modification.of a part of the line route
(c) Godawari-1 &-2 feederé Separdtmn of the supply area with "an
I add1t10nal new feeder and change of supply
_ ‘station - R
(d) Thankot feédcr _. ' Addmon of anothcr line for the hlgh demand
' dens:ty area and upgradmg of existing
conductors : :
(e) Kiritpur feeder Adjustment the shaire. of demand from the
_ existing substation
§))] l Pherping feeder Separation of demand for feetoryi and domestic
_ . ~ consumers with an additional new feeder
(© Aifport feeder | -‘Upgfrading of existing conductars
(h) Baneswar feeder Upgrading of existing conductors
(I)  Nagarkot feeder - Sepa.ranon of the supply area and upgrachng of

exlsnng conductors

() System improvement in Extensmn ‘of branch lmes and mstallauon of
downtown _ ~ additional transformers

The above ‘mentioned feeders are havmg senous probicms w:th excesswe voltage
drop, ﬁequent wripping of circuit breakers and power [oss due to, usagc of under size
conductors, compared with the actual demand, These problems are dc:scnbed in the
study report. The decision to enforce the remforcement and lmprovemcnt of these
feeders is urgently xequxred



&)

(5

(6)

)

Additional 132/66 XV wansformer at the Siuchatar substation

As a result of system analysis, the estimated load on the éxis;ing 132/66 kV,
37.8 MVA transformer at the Siuchatar substation will exceed the rated ransformer
capa’city in the yeaf 1995/96. In order to improve overload of the transformer, an
additional transformer with same capacity is to be installed.

A 132 kV transmission line for connecting the Marsyangdi - Baraju line to the
_Szuchatar substation and upgradmg the Teku swm;hmg station to a 66 kV substation

*and construction of a related 66 kV transmission line, for the reinforcement of the

power supply and separauon of the load on the Siuchatar substation, to be
constructed under PSEP are an essential part for effective utilization of the additional
transformer. Therefore, this comporient is eliminated from the Project.

~ Construction of a new K3 substation

To meet the growing demand in the center of Kathmandu Valley and to improve
excessive voltage drop of 11 kV buses at the K2, Royal Palace and Lainchaul
stations, a new K3 substation is to be constructed at the center of Kathmandu along
the Tukucha river. Power to the K3 substatxon will be supplied from the Siuchatar
substation through a 66 kV double circuit line being tapped off from a new 66 kV
doubie circuit line 1o be constructed under thc PSEP between the Siuchatar and Teku

substation,

Completion of the new 66 kV transmission line to be constructed under PSEP is a
necessity for implementation of this component. Therefore, this component is
eliminated from the Project. -

Extension and reinforcement of 11 kV and low tension distribution line

Thxs component which are not urgently required and deeply rclated to PSEP is

" eliminated from the Project.

‘Maintenance tools

For proper operation and maintenance of the system, supply of tools, vehicles, VHF
radic and measuring cqllipment.to NEA were recommended in the feasibility study.

The equipment and a part of the tools and vehicles are supplied under the Project.
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3.2.4 Contents of Requested Major Facilities

For 1mp1emenmuon of the Pl‘O_]CCt the major eqmpmcnt 1equested by HMGN and 1ts
necessity are summarized below: :

Requested major facilities . Nedessity

1. - Royal Palace, Old Chabel and Old. Rated bxeakmg capacs.ty of cu’cuu breaker is
Patan swuchmg swnons lower than computed short-cirCuit carrent, 1t is
neccssary ‘to replace : these .cubicles for

maintaining ! stabie and rchable power supply

2. Replacemem of undcrground cable These cables ‘were constructed more than 20
between the Lainchaur substation and  years ago and troubles. on - the’ cables have
the X2 switching station frequently occurred due to the rcmarkable

deterioration of the cables.

Replacemem of cables will. greatly.improve the
present unrehable power supply ¢ cendman.

3. 11kV major feeders : -Serious issues hke the. excessive power loss and
voltage drop on some feeders have occurred due
lo the shorlage: in capacity of distribution-
facilities in size of conductors and number of
feeders. It is necessary to extend and reinforce
these feeders for, mammmmg stable’ and rehable :

- : o power supply.
4,  Maintenance tools and vehicles  These tools and vehlcles are used for effecuve

exccution of maintenance and operation of the
distribution facilities

The requested facilities were carefully examined from the technical and economical points of
view, some parts of the original plans in the feasibility study report have been modified as

below:
(1) The replacement of__low tension cubicle in the Royal Palace switching station

The existing low tension cubicles in the Royal Palace swi_t(':_hing': station_are out of
date like the 11 kV cubicles. Trouble on the low tension cubicles may affect the
entire power distribution system in Kathmandu, and replacement of the low tension

cubzcles is an advisable measure

(2)  The replacement of thc 1,000 KVA I 000/400 A transfonncrs at the Royai Paiace

_ swnchmg station

The existing transformers are also becoming obsolete. The replacement of
transformers is an advisable measure, for the same reasons mentioned above.
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4

®)

" Modification of line conductors from ACSR to insulated HAL wires

The tnppmg frequency of thc circuit breakcr of thc feeders, mcludmg the ring main
lines and transformer circuits in the Kathmandu Valley, was recorded 29 times per
feeder per year. The deteri 10ranon of reliable power supply was caused by these
frequent trippings.

The tripping of circuit breakers is usually caused by a short circuit fault in conductors

and the earth fault, due to the touch of a tree to a line.

At-prescnt, bare conductors are mainly used as the line conductor of the existing
11 kV and low distribution lines in the Kathmandu Valley. Felling and trimming of
trees along the distribution lines are necessary to remove the risk of earth faults.
However, it is becoming difficult to get permission from the concerned authorities
for felling and trimming trees in recent years because of concern about protection of

the environme,nt.

‘The adoption of the insulated wire is a proper measure to prevent of earth and short-

circuit faults, it w1ll not only decrease the mppmg frequency of the circuit breakers
but also reduce the maintenance cost for felhng and trimming trees.

In_stalllation of a doublc’:?ciréuit'imderground cable line between the Lainchaur

substation and the K2 switching station

A double circuit underground cable line will be installed between the Lainchaur
substation and the KZ_"SWitching station, instead of the originally planned single

 circuit, for the following reasons.

The reliability of the power supply of double circuit construction is much higher than
that of a single circuit one. Additional cost due w0 adoption of double circuit
construction is ﬁinimiied by adoption of 240 sq. mm, 3-cores, 2-cables instead of
325 sq. mm, l-core, 4-cables recommended in the fea_sibili_ty study and the work
volume for cable laying is similar. Further, it is clear that to install cne more circuit
in the future in addition to the original single circuit is not only costly but also

difficult to control traffic.-

Modification of the undcrground éa_blc route

The existing underground cable line between thé'Lainchaur substation and the K2

switching station is double circuit construction and has been laid in the same route.
Only one-circuit is connected to the Royal Palace switching station.
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In the feasibility study, replacement of the cable for- direct connection of the
Lainchaur substation and the K2 switching station was mcommended However, the
cable route v1a the Royal Palacc swnchmg station was also studied durmg field
survey, in accordance with the strong request of NEA and, finally, it was judged as
more effective to form the cable line system through the Royal Palace switching
station for the followm g reasons: :

) The difference. in the distance for the direct connéction route and the route via
the Royal Palace switching station is very small. ‘The construction cost for
cach line is also almost the same. By connecting a new cable to the Royal
Palace swuchmg station, the rchablhty of the power suppiy to the Royal
Palace is greatly 1mpr0ved

If the direct connection opnon is taken, power supply to the Royal Palace is
serviced by the existing overaged cable. ‘It means that the probdbﬂny of a
fault occurring is very high, '

()  The aligiment of the cable has been pla'nn'ed taking into account ’t"he trees
hnmg on both suies of the road outside of the Royal Palace, in thls case, the
cable is 1aid in the center of road. Adversely, such construction method
causes another problem, i.e. difficulty of erection work excavauon, cable
laying and connection, dek ﬁlimg, etc., whlie under heavy trafﬁc in

daytime.

In order to avoid such djfficultic.s', the route of cable, to be connected to the
Royal Palace switching station, will be moved to inside the Royal Palace.

(6)  Laying of communication cable

The exlstmg 11 KV ring main lines have pliot wires for line protecnon However,
the cxlstmg underground commumcation cabie between the Lamchaur substauon and
the K2 sw;tchmg station 1s not workmg properly

In order to ensure the operation and maimenance of the line connecting power supply
to the center of Kathmandu, a communication cable will be faid together with the
underground power cable between the Lainchaur substanon and the K2 swuchmg
stanon via the Rayal Palace swztchmg station B T '

3.2.5 Necessity of _’I’echnical' ASSistanc'e

~ As previously stated, the network reinforcement projects were implemented under three
grant aids from GOIJ in the 1980s. The core of the technical staff of NEA for the
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maintenance and operation of the distribution system was trained by the engineers of the
contractor through on the job training under the three projects.

Under the project, NEA staff training for operation and maintenance will be conducted by
the engineers of the contractor through on the job training as explained in Section 4.,1.4.
Therefore, they will not need to engage specialists for technical assistance.

3.2.6 Basic Consideration on Assistance for the Project

As mentioned in the prece'ding sccti@ns, the effect, actuality and capability for
implementation of the Project are confirmed. Likewise, an appropriateness of the
implementation of the Pchct under grant aid from GOJ has been confmcd since the éffect
of the Project accords with the system of the grant aid.

The basic design will be made considering the'o'utline of the Project and on the assumption
of a grant from GOJ., However, part of the project componems requested by HMGN sheuid
be modified as aforemennoned

3.3 Out!ine of the Project
3.3.1 .Or‘ganization for M.aintaining Distribution Facilities

Operatiﬁn'aﬁd maintenance 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 Kathmandu and Lalitpur » Bhaktapur
divisional offices and their branch offices in the leley under the control of the Bagmati
regmnal ofﬁce of DCS

The number of staff in these divisional and branch offices as of January 1991 is given
below, and the staff Iist of DCS is given in Table 3.1 attached hereto.
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Ofﬁces. Technical -~ Administrative Total-

1) Kathmandu Arca
a) Regional office : T 7 14
b) KTM East branch office 67 58 125
¢) KTM Central branch office 197 19 376
d) KTM West branch office 137 100 237

2) Lalitpur-Bhaktapur Area _ ' _
a) Regional 4 SR T A 18
b) Lalitpur branch o’_fﬁce 183 B 320

" ¢) Bhaktapur branch bfﬁce 124 98 222

Note: Kaure branch office oumdc Kathmandu is also under the management of

Lalitpur-Bhaktapur divisional office. But Rasuwa/Nuwakot and
Sindhu/Dolakha branch offices are directly under Bagmati regional office.

3.3.2 Location and Conditions of the Project

The locations of switching stations and distribution lines in each plan are shown in Fig. 3.1.

(1) .

Replacement of cubicles of 11 kV switchiﬁg stations

Old Patan switching station

“The Old Patan switching station is in the Lalitpur di_vision énd !t)catéd on the south’
side of the Patan city and inside the ring 'road. -

The New Patan and Sunk051 substanons and the dlesel powcr statlon are located in

' the same area. The exlst:ng facilities of the Old Patan sthchmg S[d’[lon are in the
. diesel power station bmldmg The existing cubicles of the Old Patan swztchmg

station will be replaced with new cubicles under the Project. Taking into account the
difficulty in construction of the facilities and the overaging building, the new cubicles
will be installed in the 11 kV cubicle room of the Sunkosi substation which is not
used at present. To unify the operanon and maintenance of the existing substation
equipment and the newly installed 11 kV cubicles in the Sunkosi substatmn a
remote control panel for operation of the sw1tchmg station will be installed in ‘the

control room of the New Patan substation. -

Royal Palace switching' station

The existing Royal Pa}ace swnchmg stanon is in the Royal’ Palace which is located i in -

the center of Kathmandu.



)

(3

The new cubicles will be installed in the building to be constructed by NEA on the
edge of the west side in the Royal Patace.

' OId Chabel switching station

‘The Old Chabel switching station belongs to the Kathmandu East division and is

located on the east side of Kathmandu city and inside the ring road.

The access road from the ring road to the switching station is narrow and may
obstruct heavy-duty trucks.

Underground cable laying between the Lainchaur substation and the K2 switching

. station

~ The underground cable will be laid from the Lainchaur substation, which is located

in the northeast of the Kathmandu city, to the K2 switching station, thmugh the
switching station newly installed in the Royal Palace and along a north-south main

“road passing through the center of Kathmandu in front of the Royal Palace. The main -

road has an acceptable width of 18m , light traffic and wide footpaths on both sides.
Extension and reinforcement of major 11kV feeders

The major 11 KV feeders selected for the Project, except the lines in the city center,
are extended from the ring main to the suburbs of Kathmandu. The land in the route

of the lines is undulating plain.

3.3.3 Outline of the Facilities

From the result of the basic design survey, some modifications on the contents of the Project
were requested by HMGN and were explained in Section 3.2.3 and 3.2.4. An outline of
each component in the Project which meets the system of assistance of GOJ is given below:

(1)

Replacement of 11 kV cubicles

The major facilities for replacement of 11 KV cubicles at three switching stations are

~ summarized below:



Old Patn Royal Palace Old Chabel " total
Switching Switching Switching
Station Station Siation
11 KV Feeder Cubicle 12 . 4 12 28
11 KV Bus Coupler Cubicle o ; 1 2
TR. Primary Circuit Cubicle .7 : - 2 - 2
St, Transformer Cub.ic.le _ | i . 1 2
DC Cubicle - v 1 1 3
Remote Control Cubicle i - - 1
TR. Secondary Circuit Cubicle - 2 - 2
D - G Cubicle . L B : 1
Transformer 100KVA - . 2 . 2
- 2

Low tension Panel : s - ‘ 2

(2)  Underground cable _laying between the Laiﬁchau_r substation and the K2 switching

. station
" Route - : Lainchur substation - Royal _Palaéc switching station
- K2 switching station
Route length i 2.2km
No. of circuit : 2 circuits
Cable ' : 11 kV cross linked polyethyiené’ insulated, vinyl sheathed
steel armored cable, 240 sq.mm x 3 cores
Others w :  Communication cable, 0.6 mm x 6 P

(3} 11 kV main feeders

The line length and its countermeasures for each feeder to be reinforced are

summarized below:
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Feeder Length : | Counleriicasure

‘ (Km) _ .
(3 Boudha - Jorpaui feeder 4.0 Construction of another feeder and upgrading of
: : : cxisting conductors
() - Sundarijal feeder 9.2 Construction of a part of the line and upgrading of
: . the exisling conduclors
© Godawari-1& -2 3.6  Construction of line and separation of supply area
@ Tankol fecder 8.5 Construction of another feeder and upgrading of
existing conductors
(e)_ Kixiipur feeder - 1.5 Linking of feeders by construction of one new line
() - Pharping fecder 32 Additional construction of one line on existing line
(g) Airport feeder _ 23 Upgrading of existing conductors and replacement of
part of supports
© () - Baneswar feeder 2.3 Upgrading of existing conductors and replacement of
: ' part of sepporns '
(i) Nagarkot feeder : 43 Upgrading of cxisﬁng conductors, replacement of
_ poles, division of supply area
(i) Bayasifeeder 461 Upgradihg of existing conductors, construction of
: line and scparation of supply area :
() '_Kémmandu cenler 4.4 Construction of transformers and their related lines
' Total. 479
Materials and equipment required for implementation of the above-mentioned 11 kV
main feeders are summarized below: '
11 kV insulated conductors : 175km
" Low tension insulated conductors : 159 km
Distribution transformers + - 71 units (7,150 kVA)
- Poles for 11 kV distribution lines . 878 nos
Poles for low tension distribution lines ;415 nos
11 kV CV cables : 6.7km
(4)  Maintenance tools, measuring apparatus and equipment

@) ngin'tenance 100ls | 1ot

(b)  4'WD working truck with elevator bucket  : 2 nos
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Three ton truck o T 2008

Light maintenance fruck :  2nos
(©)  VHFradioequipment | o tiot
(d)  Measuring equipment: : llot
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CHAPTER 4
BASIC DESIGN

4.1 Basic Consideration for Design

The basnc considerations for the desxgn of the distribution system are i) to ensure hxgh
rchablhty and safety, if) to apply similar design with the existing facilities for easy operation
~ and maintenance, and iii) to build the system with flcmblhty for future expansion.

4.1.1 Natural Conditions for Design

The natural condmons llkc ambicnt tcmperamre wind velocity, earthquake, and thunder
storm in the pro_lect area are very 1mportant factors for the des1gn of the dlsmbunon facilities.
The basm dcs1gn criteria were worked out from hxstoncal chmanc records for the eleven (11)
years from 1976 to 1986 and the present demgn standard of NEA

4.1.2 Special Site Conditions for Evection

Site é_rcction works for the Project facilities will be carried out in accordance with the
standard and/or practice of NEA. However, it is noted'in Nepal that the finishing works
including paving and asphalting of public roads and footpaths which are excavated and back-
filled for the construction of the project fac:htxes shall be performed by the Road Departmcnt
at prevazlmg cost to be bone by the contrac:tor

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

'Costs of Finishing Works

Kind of pavement : - NRs/sg.m
Asphalt paving road 522.94
Concrete paving road 500.00

. .Stone laying road - 168.44
. Brick laying footpath e 500.00



The contractor is requested to submit its construcrxon plan with necessary illustrations and
drawings, deposit money for the fimshmg works, and get permission for erection f1om the
Road Department prior to the commencement of the erection works.

4.1.3 Procurement of Local Materials and Equipment

All equipment and materials to be pmvxded undcr the PTO]BCE wlll be 1mported from Japan
However, raw matcnals such as cement, aggrcgate;. tlmbcr bnck steel bars, ete. w1il be

procured in Ncpal

4.1.4 Operation and Maintenance Capahility_of NEA

. Through the past three grant aid projects for the rcmforcemcnt and improvement of
the power dlsmbunon systcm mplemcntcd in the 19308 the capabxhty of NEA for
operation and maintenance of the system has bcen provcd Thc training on
management techruquc of the load and voltage on the system is being conducted
under the Loss Reduction Prcjcct. Trouble with dis'tn'b"u'ticn transformers and other
equipment dug to over loading and an uncertain load management' of the system is

expccted to be unprovcd

* The training of linesmen belongmg to the rcgmnaljmstnct/]ocal ofﬁces of NEA will
be conducted by the Japanese contractor during site erection as follows: .

(a)

(b

The works of dlsconnectmg and rcconncctmg of the serwce wires to the

consumers, which are necessary for construction of new and renewal of
distribution lines, are to be carried out by NEA. The practical use of the
working teams of NEA is effective to execute thc overall pro_]ect works and t0

mxmmlzc the power stoppage for erection, |

Under the Loss Reduction Project, insulated wires are partially used for low |
fension lines in the Kathmandu Valley; and NEA's linesmen were trained for
erection of the insulated wires.- The insulated wires will also'be used as line
conductors for almost all of the 11 kV and low 'tcnsicn distribution lines
under the Project. Tools and matcnals for the crecﬂon of msulatcd wires will
be procurcd under the Project and ample quantities ‘will be supphed taking
into account not only the erccnon but also the proper operation and
maintenance of the dlstnbunon system after compietmn The transfer of
technical knowledge to the technical staff of NEA is made on- thc-_}ob-irammg
basis through site erection works which are executed at the same time in all
areas under the control of thc district and 1ocal offices of NEA in the
Kathmandu Valley. ' o



(C)  The core technical staff of NEA for operation and maintenance of the power
distribution system in the Kathmandu Valley.has been trained under the past three
grant aids projects and their technical knowledge will be further improved through
on-the-job-training during the Project. -

-4.1.5 Faciiities for the Project

The facilities to be pr0v1ded under the Project, w:ll be designed and chosen avmdmg the
adopnon of high technology and takmg into account of the easy operanon and maintenance
of the system, and the present technical level of NEA. Besxdes, the maximum safety of the
workers engaged in the operation and maintenance and inhabitants shall be ensured.

4.1.6 Construction Schedule

The Project will be implemented in two siages as shown in Table 4.1, not only because of
the total work volume of the Project but also the necessary period for manufacturing of

equipment and materials, transportation via India and erection.

In this study, the necessary peribd for each compbnc_nt is estimated as below:

- Manufacturing of poles, fittings, cables, conductors, etc. 4 10 6 months
—  Manufacturing of switching equipment and transformers 8 to 10 months
—~  Transportation from Japan to the site wia India 2 months

4.2 Design Conditions
4.2.1 Climatic Conditions

The maximum air tcmperature and minimum air tcmperature recorded in the Kathmandu area
were 32.3°C'and -3. 5°C, respecuvely For safety, the same conditions that were applied for
the past_ three reinforcement projects in the Kathmandu Valley Distribution Network will be
applied for the design of the Project, ‘briefly as follows:

- Minimum ambient temperature~ : -5°C
Maximum ambient temperature. - 40°C
Average ambient temperature o 2°C



The maximum wind velocity applied to the Pro_lect is25 mfs, since the
recorded in the Kathmandu International An‘po

highest wind velocity
rt was 52 knots (equivalent 26. 75 my/s) and

25 m/s has been applicd for the past three pro;ects wuhout any trouble.

4,2.2 Design Criteria

)]

(2)

3)

Design wind pressures on structures

| The wmd pressures worked out from the above mentmned wind vclocny are applied

to the projected area of each structure as follows:

(a)
®
{c)
d

(&)

Conductors and wires : 35 kg/m?
Lattice structures : 130 kg/m?
Tubular structures (pole, etc.) 31 l_cg/rh2
Tnsulators and hardware . 55kg/m?

Equipmeﬂt (transformer, etc.) : 100 kg/m?

Sag computation calculation

Sags of overhead conductors will be 'c.on.lpu.ted on the basis of the fpll'o"Wihg

assumptions.

()  Maximum conductor temperature is 60°C taking into account temperature rise
due to current flow.,

{b) Minimum conductor temperature is 0°C although ambxcm minimum
temperature is minus 5°C, the likelihood of such case, that is maximum wmd
velocity at minimum air tcmpcraturc, is very rare. .

(c) EDS (Every Day Stress) is calculated under ambient temperatore of 20°C in

still air. '

{d) Minimurn factor of safety of conductor siress at max1mum wmd prcssure at
0°C is 2.5 and for EDS 4 agamst the ultimate tensile strength of conductors

(¢)  The maximum sag of conductor:s' is calculated under the conditions of

maximum conductor tcmpe'ratu_re' in still air.

Minimum factors of safety

(@)

Strucmres, tubular poles, othcr “mds of supports under maximum workma
loads against their ultimate strength.......... e era s e an e 2.5



4)

(b)  Conductors under the maximum working tensions against their uliimate
tensile strengths ... . 2.5

(¢)"  Insulator sets under the maximum loading condition against their mechanical
breaking Strengihs. ..o 2.5

(d)  Foundations of structures and support under the simultancous maximum
loads against ultimate ground bearing capacity and uplift resistance....... 2.5

Required minimum clearances

‘The folloWihg ininiino?n 'cléaranc_cs_ from conductors will be applied:

(a) Lowest point of conductors above ground

11KV Line L/T Line

road crossin g ' 6m 6m
.along road _ Sm Sm .
general train . 5m 4m

(b} Space between 11 kV msulated conductor and LT

_ ANSUIALE CONAUCTOT «eeveeeveees v seeeeneseensanens re e .0.6m
(c}_ " Phase space of 11kV msulated conductors e e rinaeteraeaiannraen 3.5m
(@)  Vertical space of 11 kV insulated cONQUCIONS .......vvvvsorrvnnonrssnnenn. 0.6 m
(¢) LT phase space of insulated conductors ..... e e 02m
® Space between 11 kV bare conductor and LT bare conductor ........... 1.0m
(g) . Space between 11 kV bare conductor and LT insulated
CONAUCEOT. vernririsrarrerarisrererssneaersnesnsunss e 0.8 m
(h)  Phase space of 11kV bare CONAUCIOS. orrereeeereeesereersseresreees 08 m
i Vertical space of _11 kV bare conductors........ovvveenrcieciniiieniiennns 1.0m
(j) Phascspac_eof}lkVcables......................: .......................... 0.4 m
| (k) Phase space of LT bare CONANCIOTS ..o e 0.3m

BIL of 11 kV eIcctncaI eqmpmont

(a) nghcst rated voltagc Chiiessesmeesiestnnnerenseersa s nns serperasnrariabaas 12 kV
(b)  TImpulse withstand’ voitage et v eeerrae e et 75 kV

(c) Impulsc withstand voltage forL.A ©....... et 90 kV -



(6)  Siandards applied

‘Materials and equipment will be designed, manufactured éu;d_ tested in accordance :
- with the requirements of JIS, JEC, BS, IEC or other international standards.

4.3 Basic Design

4.3.1 Ex_tension and Reinforcement Plan

The extension and remforcement plan of 11 kV switching stations, underground cable line
and distribution lines under the Project are as mentioned below:’

(1) 11 kV switching stations

The existing cubicles at the Royal-Palace, Old Chabel and Old Patan will be replaced
with new cubicles and additional new cubicles will also be instatled.

@

(b)

Royal Palace Switching Station

The existing cubicles for two ring mam lmes, two transformers and their
primary circuits, and two feeder circuits will be replaced with new 11kV
cubicles. In addition, one battery and charger cubxc!e, one D/G cubicle, and
two low tension cubicles will also bf:.in'st'alled.' All cubicles except one low
tension cubicle will be installed in tljc new switching station to be constructed
by NEA. | |

The connecting diagram and cubicle layout plan are shown in Figures. 4.1
and 4.2.

Old Chabel Switching Station .

The existing cubicles for four ring main lines, ﬁvc'feéd_ér circuits, and one
spare feeder cubicle are to be replaced with new 11 kV cubicles. In addition,
one station transformer cublclc one bus coupler cublcle one battcry and
charger cubicle, and two feeder cubicles for new feeder lines, to be
consiructed under the Pro;ect will also be installed. All these cublcles will
be installed in the cmstmg sw1tchmg Station.

The route of cables between the cubicles and dead end poles, and the
connection diagram and cubicle layout plan are shown in Figures 4.3, 4.4 |
and 4.5,
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(¢) Old Patan Switching Station

The existing cubicles for four ring main lines and six feeder cubicles are to be
replaced with new 11 kV cubicles. Fifteen new cubicles in total including

- cubicles for bus coupler, station service transformer circuit, battery and
charger, and two feeder circnits for new feeder lines, to be constructed under
the Project, will be-installed in the existing 11 kV switchgear room in the
Sunkoshi substation. Their circuit breakers will be operated from the control
board to be installed in the controi room of the New Patan substation in order
to umfy the operation of the cx1stmg substation equipment and these 11 kV
cubxcles The routes of cables between cubicles and dead end poles, are
shown in thc connocnon dlagrams and cub1clc layout plan in Figures 4.6,
4.7, and 4.8.

Underground cable line

The ex1st1ng ovcraged 11 kV: underground cable lme between the Lainchaur
substauon and the K2 sw1tchmg station will be replaced w1th a new one. Thc new
cable line has a double circuit configurauon and one circuit connection to the Royal
Palace swnchmg station as in the existing system In addition, for operation and
maintenance purposes, one communication cable will be also laid together with the

power cables.

In the study, the original cable line route has also been changed Ttis now routed
through the Palacc in order to avoid the trafﬁc problem during erection.

Cablc line route and cable trench are shown in Figures 4.9 and 4 10, respectively.

11 kV distribution lines

- (&) Town center (KTM-1) -

The dowmown area is dcnsely populated and congested with buildings and
‘houses not only along main roads but also in their interior areas. Branch
rGads from the main roads into the interior areas are so narrow that they are
not accessible to vehicles, The 11kV overhead lines are not aligned. A
number of low voltage lines are obhgcd to be extended over long distances
" through ‘mazes, the cables will have to be being. hung on the walls of
buﬂ_dmgs and houses, accordingly. Long low voltage lines serve customers
with povizcr that is subject to excessive vOitagc drop such as 170V to 180V



(b)

against the rated voltage of 230V which can also cause frequent power

failures.

~ IIn order to improve such situations, 11 kV underground cables will be

extended from the existing network in Bagbazar, Paniphokari and
Tripureswar areas, and transformers, with ample capacity, will be installed.

Godawari-1 & 2 feeders from the existing New Baneswar substation

The existing Godawari-1 feeder extends from the New Baneswar substation
over 35.4 km to its end at Phulchoki in the moﬁmains and Godawari-2
extends to Chapagau and Lubhu areas over 40.4 km’ to several ends
southward. Both feeders were ongmally extended from the cx1stmg Patan
diesel power station, and tap-off sections of the orlgmal lines from the power
station still remain unused with ACSR Dog over about 1.0 km route.

In order to reduce the loads on the Godawari-2 feeder, onc of the unused tap-
off feeders is to be extended to Chapagau v1llagc with HAL Dog over 3 km
from the present end point southward along the ring 1 road and aiong the
existing motorable road, and connected to anpther branch of the Godawari- -2

feeder.

In addmon an existing sectionalizing sw1tch on the Godawari-2 line will be
opened Owing to thiS condition, the Godawan 2 feedcr will havc 2 supply
sources that will be operated mdependently, one from Patan diesel power
station to cover the Chapagau section of the existing Godawari-2 feeder and

another from the Baneswar substation to the Lubhu section of the feeder.

Another tap-off feeder at the Patan diesel power. statidn will be connected to
the Godawari-1 feeder at its original pomt with pmvxslon of a sectionalizing
switch being off on the Baneswar side. A Aew secnonahzmg switch is to be
installed at an exit point of the Godawan-l branch line to the Imadol feeder in
off cond_ition. Thus, the Godawari-1 ﬁ:edér aftcr_b_cing connected with the
Patan digsel poWer station will su_pply powef 10 its southern part only.
Besides, as an existing sectionalizing switch, instélied near a crOsSing. point

- of the Godawari-1 feeder and the. Imadol feedcr will be opened, areas

covered by the Imadol fecder and a Godawarl 1 branch line will also be
directly supplied from the Ncw Baneswar substation. Under this
arrangement, voltage regulatton and supply rchablhty w:ll obvmusly be
improved. L
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Boudha-Jorpati feeder

The feeder is located along the main road in the section of the town near

Gokarna Ban and passes through hilly areas to the Bramhakhel village

located on the Nagarkot feeder from the Bhaktapur switching station. A
number of industries like carpet and furniture manufacturers are being
developed between the new Chabel substation and Gokarna Ban.

A new feeder is rcduired at Gokarna Ban to meet the_increasihg demand
there, in additibn, to improve the voliagc regulation of the existing feeder, the
existing ACSR Rabbit should be upgraded to HAL Dog in the section. The
new feeder will be aligned along the main road over 4.0 km without difficult
acquisition of the right-of-way. |

Thankot feeder

In order o reduce excessive vokage drop and to meet the growing demand of
industries established along the highway to Thankot, a new 11 kV line will
be constructed with a single circuit of HAL Dog from the Siuchatar

substation to the Earth Station near Balambu over 4 km away. The line will

be constructed in the right-of~Way of the highway to avoid troubles with land
acquisition. '

" Besides construction of the new feeder, the existing Thankot feeder between

Balambu and Thankot will be upgraded by replacement of the existing ACSR

~Rabbit with HAL Dog, over 4 km, this should reduce voltage drops and

meet the demand growth in thc area.
Baneswar feeder

The existing ACSR Rabbit feeder (between the Chabel switching station and
the junction of the Tangal feeder, over 2.5 km) should be upgraded before
the year 1994/95. ‘The existing supports for the feeder are overaged and have
not enough strength to support new conductors.

A new 11 kV feeder in the section will, accordingly, be constructed witha
single circuit on new supports, over 2.5 km, with one shoulder conductor
arrangement for maintaining safe clearances to buildings along the road.

' R1ght— f-way for the feeder is available along the main road.
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(h)

®

Town center (KTM 2)

Same as KFM 1, 11 kV. system from the existing 11 kV network will be
extended to the Kaldhara Jyabdhal and Hiumat areas.

Alrport feeder from the New Chabei substation

The feeder is eqmpped with a smg}e circuit of ACSR Rabbit over 2.6 km.
Forecasted load current of the feeder will exceed the current carrying capacxty
(ZOOA) of the existing Rabbxt conductm in 1994/95

The existing conductor will be upgraded with HAL Dog (current capacuy of

' 320A) for increasing current capacity.

Pharping feeder

The existing Pharping feeder from the Patan diese! power station supplies
power {0 public consumers and a cement factory located at the end of the

feeder.

The factory which has a contracted czipacit’y'of S;OQO kVA causes excessive
voltage drop on the feeder and causing unreliable power supply to the public

CoOnsumers,

The reinforcement plan is_to'constru_ct a 3.5 km feeder to the Thanagau
village located near the factory for the purpose.of exclusive supply to the
public consumers, while the existing feeder will be used for supply to the

factory only.
Sundarijal feeder

The feeder is very old and has a small li_ne capacity with a single circuit of
small Hard Drawn Copper Conductor. (HDCC) 12.9 5q. mm on simple steel
structures. Damaged portions on the- HDCC. feeder have been repalred using
ACSR without application of bi- metal connectors, causing corrosion of
conductors at those connections. Desplte poor power transmission facxhues,
this area is bemg developed under the c:ty plan, as high demdnd growth is

expected, -

For improving the excesswe voltage drop of the feeder a-single circuit of
HAL Dog will be constructed On NEW SUPPOTLS Over 10 km from the New
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Chabel substation up to the connecting point with the Sundarijal feeder from-
the Bhaktapur substation at Mahakal village.

The new fecder wﬂl be constructed in the same right-of-way as the existing

feeder up to the Basnctgau village, to avoid the difficulty of land acquisition,

and thereafter the fecder will be diverted to the Gokarneswar village and
aligned along the motorable road to Mahakal village. Under this alignment,
the existing Sundarijal feeder in the Basnetgan-Mahakal villages will be used

' for feeding power to local consumers in the section, while the existing lines
-along the motorable road, other than the branch lines, will be replaced with a

new feeder.

" Town center (KTM-3)

Same as KTM-1, 11 kV Systern will be extended from the existing 11 kV
network to the Yangal-,_Ch_aimdevi, Makarajgunj, and Bansbari areas.

Nagarkot feeder

" The Nagarkot area is supplied with power from the existing Bhaktapur

s'witching Station over 17 km, by the Nagarkot feeder equipped with a
stngle circuit of HDCC 12.9 sq.mm and a single circuit of ACSR Rabbit.
Recexvmg voltagc at the customers' end is rcportcd to be 170V against the
rated 230V Thc recommended improvement plan is to divert the supply

_'route and to separate the ex1st1ng supply drea into two feeders by the

following modlﬁcat:ons

)  The existing Nagarkot feeder will supply the demand area up fo the

' Khanpan v111age by the existing secnonahzmg switch opened at the

point, - The section of HDCC 12. 9'sgmm over 4.5 km will be
replaced with HAL Dog on new supports.

| (it) " The conduciors of ACSR Rabbit on the existing Byasi feeder extend

from the Bhaktapur switching station to 2.5 km before Kharipati
along the road, they will be replaced with HAL Dog conductors and &
new single circuit line of ACSR Dog will be extended over 2.5 km
upto the Kharipati village. The Nagarkot area will be supplied by the
upgraded Byasi and newly extended feeder and it also means that the
existing distance is shortened by'6 km.
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(i)  In order to avoid the difficulty of land acquisition for the new feeder,
a new double circuit line of ACSR Dog for both the Byasi and
Banepa feeders will be constructed from the swnchmg station to the
Muldhoka village over 1.8 km in the same right-of-way as the

| cx1stmg Byasi feeder, and the existing Banepa feeder in this section

will be restrung on the new supports.

An additional distribution 'cubicl.é will be 'provided.f_or thie new feeder
at the planned new Bhaktapur substation under the PSEP.

Kirtipur Feeder

The power to the Kirtipur area is being supplied by both the Kirtipur feeder
from the Siuchatar substation and the Kirtipur feeder, same name, from the
Teku substation. Both feeders are intcrconncctéd'a_t the end of feeders, but
separated by a sectionalizer on the feeder from the Teku switching station.
Voltage drop on the feeder from the Siuchatar substation is estimated at 7.8%
in the year 1994/95, while- voltage drop on the feeder from the Teku
substation will be only 0.7% in the same year. Part of the load on the feeder
from the Siuchatar substation will be shlfted to the fccder from the Teku
substation by relocating a sectionalizer.  As a result of the relocatlon, the
voltage drop on the feeder from the Sluchatar substauon will be much
improved so as to be less than 7.5% by the year 2000/01 Voltage drop on
the feeder from the Teku substation wsll increase duc to a shift in loads, but it
will be still less than 5% in the year 20{)0/01

Besides the above load shlfung, in order to increase supply reliability, inter-
connection will be cstabhshcd between both the Klrnpur feeders at Panga
village and Charghare village by construction of a new feeder, over 1.5 km,

4.3.2 Project Facilities

(D

Distribution line facilities

General layout plans of support for 11 kV and: Iow tension: hnes are gwen in Figures
4,11 to 4,14, ' '

(a) Poles

Poles for 11 kV and low tension _lim:_s;_:Will= be a jointable steel _tﬁbula_r type aﬁd '\_&ill |
be 11.2m and 9m 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
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a sole plate, an underbrace of steel made to increase the strength, and stay wires with
steel anchors, drive type, which will be also used wherever conductor tensions are
not balanced as at dead ends and angle points.

{b) Conductors

Tripping frequency of the distribution circuit breakers due to shori-circuit fault from
line to line contact and earth fault from tree to line contact is very high. To reduce the
frcquent trips of feeders, msulated HAL conductors will be used instead of the
_ exlstmg bare ACSR conductors '

. HAL Dog conductors will be used for the main lines and HAL Rabbit for the branch
lines.

© InSulators

Pin and disk insulators are to be used for supporting.of 11 kV line conductors and
spool insulators for low voltage line conductors. The conductors will be fixed to the
insulators by insulated bind wires.

'(:d) Arms

The conductors of 11 kV lines will be arranged in triangular formation on the top of
pole and will have a cross arm of 1.2 m long which is to be fixed to the pole with a
‘through bolt and arm tie. For the low tension lines, the conductors will be arranged

in vertical formation on the spool insulators supported with secondary distribution
-racks: The secondary distribution racks will be fixed to the pole with steel bands.

(¢) Distribution transformers

Distribution transformers will be of outdoor use, thrée-phasc oil immersed type with
a voltage raiio of 11 kV/400-230 V. The ratings of the distribution transformers will
be c1a551ﬁed into three dlfferent capacity of 50 kVA, 100 kVA, and 200 kVA.

The distfibution transfo_rmer-is to be installed on a platform supported with H-type

poles.
- (f) Fuse cut-out switches

For protectxon of the transformers from ovcr~load fuse cut-out switches will be
1nstalled on ‘the pnmary mde of the transformers. The cut-out switches will be of
- 11 kV 100 A, drop out type. The fuses for cut-out switches will be of 3A, 7A, and
15A for each transformer capacity.
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® Lightning arresters

Lightning arresters will be of 11 kV 5 kA, and are mounted on the end of hnes,
primary side of the transformers, secondary side of the line switches and at the joint

of underground cables and overhead lines.

(h) Line switches

Line switches will be of 11 kV, 20() A for branch lines, 400 A for mam hnes and
of air break type. The line switches will be installed on the branch points of_ the main
feeder on and long distance lines, to isolate line troubles and/or a section of the line

for maintenance work.
(i) Grounding

The lightning arrester, case of the line switch, transformer tank, secondary neutral
and other metal parts required for the safe operation will be grounded by means of a

gmundmg rod.

_Copper coating steel rods will be used for groundmg

Underground Cable Line between the Lamchaur Substanon and the K2 Swnchmg

- Station

Cables will be of 11kV, ccppcr LOHdUCtOI‘S of 240 sq mm X 3 -COTES, vmyl

_ sheathed cross linked polyethylene msuIated steel armored cable

The cable head ends will be of premould stress cone: type and the strmght mrough
joint of the cables will be installed in the concrete plt for thelr protccuon

Switching station faci!ities :

The new cubicles for i incoming lines, ring mam c1rcu1ts, feeder circuits, bus bar
couplers station service transformers, and batteries and battery chargers will be self-
supporting indoor, metal enclosed type. Each 11 kV cubicle will be.e:_qu;pped with
the devices shown below. | - a
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Equipinent Incoming  Ring Main Qutgoing " Bus Transformer

Line Line Feeder Coupler Circuit {*1)
1) Copyper bus 1 1 1 1 1
2) Circuitbreaker 1200A 1200A 800A 1200A 800A
12kV, 25kA
3} Disconnecting - . o 2 -

switch 12kV, 660A
4) Current iransformer 3 x 600 - 400 3 x'60(}/40{) 3 x 400 - 200 3 x 1200/5 3'x 150-75/5

single phase - 200/5 -200/5 © - 10015
5) Over current relays 3 3 3 3 3
6) Over current ground - 1 1 - -
relay
7) Reclosing relays - - 1 - -
8) Amuneter with 1 i i ' - 1
selector swilch
9) Watt meter 1 . 71 | 1 - 1
10) Watthour meter 1 _ i 1 - 1
11) Var meter _ 1. 1 1 - i
12) Power factor meter - 1 1 - -

Remarks: *1: for the Royal Palace swilching station

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

- Three lightning arresters
- Three single phase potential transformers
- O_n§ under .y_oltage_relay.
- One volﬁnetcr with selector s@itéh
The station service transformer cubi;le will be equipped with the following devices:
-. One rdraw_fout type _discon_necti_r_lg fuse switch, 11 kV 20VAF, 6 AT
- . Three single phase ﬁqte_néiﬁl t_rénsformers

- Ten molded circuit breakers



- One station service transformer, 3-P 50 kVA, 11 kV/400-230V
- Three current transformers, 100/5A
- Three over current relays
- One under voltage relay
- One ammeter with selector switch
- One voltmeter with.sclectc_)r sﬁri_tch
- One lot of control switches
Transformer secoﬁdary cubicle at the Royal Palace Switching Station:
- One circuit breaker, 600V, 1,600A
- Three single phase poteﬁtial transformers, 400/110V
- Three single phasé current transformers, _i;ﬁOO/SA
- One under voltagé_relay _
- Three over current rélays
- One ammeter with selector switch-
- One voltmeter with selector switch s
- One watthour meter

- One lot of control switches, lamps and other necessary instruments

and devices
Low-tension distribution panel-1 at the Royal Palace switching station
- One circuit breaker, 600V, 1,60l0A | :
- Four 3-poles molded cirCuig breakers, 600.'v,‘ 100 AF
- One 3-pole molded circuit breakér, 600V, 30 AF

- One lot of control switches, lamps and other necessary instruments
and devices



Low«te.nsion distribution panel-2 at the Royal Palace switching station
-« One circuit breaker, 600V, 1,600A

- Three single phase potential t’rqﬁsfonne_ré, 40_(5! 1 10‘?
- Three single p'hase current transformers, 200/5A
- “Three over c_li_rrent rela?s |
- One ammeter with selector switch
- One voltmetc.r with selector switch

- Six 3-poles moidcd circuit breakers, 600V, 225 AF
- Four B-boles m;)lded cifcuit breakers, 600V, 100 AF

- One lot of control switches, lamps and other necessary instruments

and devices
kl'}.‘Ihe Bﬁtteries and.b;attery chlargcr's:'
- One battery bf 50 ampere-hour
- One battery charger
- 'fwo‘ DC ammeters with selector switch
- One DC voltmeter with selector switch -
- One 3-pole molded circuit breaker 600\/,‘ 100 AF
- Eight 2-i301e molded circiait breakers 600V, IOO AF

- One lot of control switches, lamps and other necessary instrument
- and devices
Remote control board at Patan substation:

The control board at the Patan substation will be of indoor duplex panel type,
equipped with control switches, meter, faulv indicators, etc. for remote control of the
- new cubicles installed in the switchgear room of the Sunkosi substation.
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