2-2 FElectric Power Situation in Pakistan

2-2~-1 - History

In 1948, electric power plants in Pakisten produeed 110, 400 kW in all, of
which 76, 400 kW,_about 70/,_came from electrrc utllltles and .34, 000 kW,

~about 3OA from lndependent _power plants of industry.,

The ratio of electric ut111t1es in east and west at that time was, West

Pakistan 91% and East Paklstan only 9%,

Directly'after:independence,-the”PakisteniﬂGovernment started to plan to
build new electric power plants because of electric power snortages in
northern Pakistan. ' In the Punjab province, the coustruction of the Rasul
Hydro=Power:Plant:(22 MW) was speeded up and completed in- 1955, -A Thermal
Power Plant (8 MW) was also constructed in Lyallpur. In the N.W.F¥, pro-
vince, the Jabban Hydro Power Plant (10 MW) was expanded and the Daragai
Hydro Power Plant (20 MW) wes construeted- In Ahmedpnr,'Rahimyerkhan,
Khanpur, Chlstlan Mandi and Bahawalnager in Bahawalpur Province, small

dlese1 power plants were expanded from 200 kW to 650 kW.

In 1956, the Paklstan Government strongly felt the necessxty to form and
equlp an electrlc system of each reglon on a natlonal basis. In February,
1958, under the Federal Ordlnance, the Electr1c1ty Department of each
region and prov1nee was un1f1ed and in April, 1958, the West. Paklstan Warer
and Power Development Authorlty {the predecessor of WAPDA) was founded as a
special corporation to effectively use water resources for irrigation,
flood control and sailing, and to develop eleotricity sources and operate

electricity eupplying.enterprises.‘

In 1960, the Warsak Hydro Power Plant {40 M4 x 2).and the Multan Thermal.
Power Plant (65 MW X 2) were completed, and in the same period a 740 km
“long, 132 kV, 2- c1rcu1t power line was connected between Warsak and

Lyallpur and electrlclty was sent to large uubstatlons in Peshawar, Wah;
Rawalpindi,.cujranwele, K.§8. Kaku, Kot Lakhat, Lyallpur, Laudwala and
Daudkhel. This new 132 kV power 11ne was also ‘connected at the Multan
hydro-power plant to the 220 kV power llne between Multan and Lyallpur.

By 1967, the Mangla Hydro Power Plant (200 MW, final output 1, ,000 MW) and

the Multan Thermal Power Plant (65 MW) were expanded. The Fa1salabad thermal
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power pldnt (66 MW x 2) was constructed and a 220° kV 2 clrcult power line

 was counected_between_Mangla apd Kot Lakhpat, and K.S, Kaku and Lyallpur.

Wlth the development of lndustry, agrlculture and commerce, and progress of

social economlc condltlons, Pakxstan £ electrlc powerlsystem developed and
-expanded to Upper ‘Sind, Lower Slnd and Quetta 1eg10ns 1n the north and w1th'
‘the 132 kV power line network it came to be connected to the Karach1 '

" Electric. Supply Corporatlon (KESC) power ane network.u Durlng that tlme,
large scaled _power plants like the Tarbela hydro power plant (total output
I,ISO MW), Mangla hydro power plant (total output 800 MW) Warsak. hydro

_ poﬁerﬁplant (total output - 240 MW), Guddu thermal power plant (430 MW), -
Falslabad gas steam turbine power plant (total output 332 ww) the Multan
thermal power plant (steam, turblne) total - output '265.7 MU, the Korrl gas'
'turblne power plant (total output 130 MW) - and the Korangi thermal power
plant (steam, gas turbine) total output. 462 MW, were built.

L.

2-2-2. St:ueture'of Eleetric.Utilities

The tﬁo-large.electrit'utilitieslin'PakiSten'are WAPDA (Pakistan Water and

Power Development Authority) and KESC (Kafééhi'Electfic.Supply:Corpofation).

WAPDA boﬁﬁuets"éléotrioitp'setVices‘(constfuotion'of power plants,
transm15310n llnes,'substat1ons, dlstr1but10n llnes, electr1c1ty genera-
'tlon, electric supply, electrlc1ty transformatlon ‘and bulldlng, and opera—
tion and malntenance of electric’ power supply fac111t1es) ‘and also services

concernlng 1rr1gatlon, sewerage, waterworks and flood control.

KESC is pfivetely:owned'but.the government covers .more than. halfiof its
investment so it has more or less the characteristics of a publicly owned -
corporation. KESC Supplles electr1c1ty only to the Karachi area and the

rest 1s supplled by WAPDA.

Supervising these electric utilities is the Ministry of Water and Power ‘in

Islamabed:(MOWP);.ﬁ

'Pakisteu,ﬁas”of December, 1985, has an eleetticlty geperetiug'ebillty_of
5,477 M, with WAPDA 4,339 MW (79%) and KESC 1,138 MW (21%). WAPDA's faci-
11L1es are. hydro power 2,897 MW and thermal (iecluuiug.gesrturblue)1 |

1,442 MW, -



' The organization of MWP, WAPDA and KESC is shown in Fig. 2.1-3, respec-

tively.

Fig. 2.1 MINISTRY OF WATER AND POWER
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Fig. 2.2 ORGAﬁIzATION CHART OF WAPDA

. CHAIRMAN- -
Lt. -Gen. Dr. G.8. Butt
* Member (Finance)
A.F: Serajul Haque
* Member. (Power)
M. Ayub.Sadozai
» Member (Water)
Asif H. Kazi

POWER WING . WATER WING FINANCE & ADMINISTRATION AUTHORITY 'S SECRETARIAT
+Dy. M.D. (Distribution) _ o K S : o
: *G.M. (Central) ' ‘M.F. (Coordination) *D.G. (Public Relations), Raziuddin Shaikh
+Actg., G.M. (Coordinatiom) ' Brig. Khurshid Ghias Khan Saeed Ahmad *G.E, (Central Contracts Cell), S.M. Kazim -
A. Hafeez 1brahim _ *G.M. (Drams & Coordination) «Chief Auditor . D.G. (Computer Centre), Miss Mussarat-Abdullah
*G.M. (Distribution) Sh. Magscod Ali : Tajammal Hussain ' | |-Secretary, Col. Idrees Mohsin '
Rja Saeed Akhtar _ , *G.M. (Kalabagh Dam) ' »Principal Tarbela Academy ) ) '
*G.M. (Finance) : ) " Muhammad Hussain Chaudhry M. Haziq Siddiqui _ SERVICES & GENERAL ADMINISTRATION
“Muhammad Rafiq *G.M, (North) - _ : . i
» G M, (Hydel) ‘| Karim Khan. |+ D.G, (Wapda Audit) *G.M, (Administration), Brig. (Retd) Asadullah Khan
M. Waseem Khan *G.M. (Planning) _ Aia-ul-Haq Khan ... on +D.G. (Organisation & Methods}, Sh. Abdul Hamid
*G.M. (Inventory Control) . M. Badruddin behalf of Government of Pakistan *D.G. (Medical Services),Brig.(Retd) Agha TARIQ Ahmad
- - - .- -G.M. (South) Xhan o
+G.M. (Thermal) : S, Mukarrum Ali o .
Khawaja Daocod *G.M, (Tarbela)
*G.M, (Transmission & Grid Muhammad Ashraf
Station) . - +C.E. (Central Pesign Office) ' ,
Javid ‘Akntar _ M. Aslam Qureshi ' _ Staff of Power Wing (WAPDA) FY 1984
:C.E. (Planning) -Manager Finance (Water) :
S.M, Arshad/Badar-Ub-Din M.Y. Khan ENEIiNeers cacesersrcencsscass cererunssssares 2,635
:D.6. (Training)
A. Rehmatullah ' Agronomists, Economists, Statisticians,
' ' Soil Chemists, Geologists, Medical
Staff ete. vvven.... seasartessaavianarara s 88
Deputy General Manager, Inventory Control (T & G) Engineering supporting staff, ete. «vevee.... 8,144
Chief Engineer, Headquarters T & G '
Chief Engineer, (Civil) T/L and Grid Stations ~Administration, Audit and Accounts,
Chief Engineer, Design, T & G : ' Supporting staff ete. ....... ceteranaseensss 19,349
Chief Engineer, Extra High Voltage ' :
| Chief Engineer, 500 kV Transmission Lines _ Skilled workers. ..cevssrvesasoessrrnssnsea=s 57,001
Chief Engineer, Grid System Construction (North) ' :
Chief Engineer, Grid System Construction (South) _ _ . Unskilled workersS. seviesecess O - 1 K
Chief Engineer, Grid System Operation, Islamabad , :
Chief Engineer, Grid System Operatiomn, -(North) - Peons, Security guards, Stationary clerks
Chief Engineer, Grid System Operation, (South) . . : Sweepers, Gardeners etc. ...seeeeeseseasssas 13,385
Chief Engineer, Secondary Transmission Grid Stations :
Chief Engineer, Technical Services Group _ ' T Miscellaneous  ..evierierennaanen srersavesnss 4,210
Chief Engineer, Manager Finance (T & G) -

Total ' 111,205
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2~2-3 " Present State and Future Plans of Electric Power Facilities

Pakistan's €lectric utilities as menﬁioned before, consist of the two large
" agencies (WAPDA and KESC),_PAEC (Pakistan Atomic Energy Commission) and

- self supplying enterprises.

The ocutline and future plans for Pakiétan's electric power facilities
constrﬁcted by the end of December 1985 are summarized in the following

‘figures and tables.

Table 2.4 GROWTH OF GENERATING FACILITIES

- . (MW)
- Name .. wAPDA .. KESC
- : . Total
"Hydro Thermal | Sub~total | Thermal
Year - : :

1979/80 1,567 | 1,125 2,692 673 3,365
80/81 1,747 1,385 3,132 673 | 3,805
81/82 1,847 1,407 3,254 673 3,927

1983-3/31 2,547 | 1,441.4| 3,988.6 673 4,661.6

- 82/83 2,547 | 1,407 3,954 810 4,764
83/84 2,547 1,407 3,954 1,020 | 4,974
84/85 2,897 | 1,442 4,339 1,138 | 5,477

‘Source: Energy Year Book 1983
- WAPDA Annual Report 1984-85
KESC. Annual Report 1982-%
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Table 2.5 OUTLINE OF EXISTING MAJOR POWER PLANTS . ..

f il) (“ydro‘~:WAPDA) o

"(Aé‘éf thé:end;of_Decembev, 1985)

Name of Power Installed . . = S O
e B ' Capacity | No. x MW{ -  Completion Date and .Rewdrks . -
Plant hg . : : & : _ g :
- Tarbela:  } 1,750 | ‘10x175 | Ne.l, No.2 1977-5.
(1~10 Unit) - | meas o 197726
No.4 19777
Ne.5 . 1977-8
No.6 - 11982-9
| Mo, 7 1982-11
No.8 1982-12
No.9 . 1985
No.10 1985
Mangla 800 | 6x100 | No.l, No.2 1967-6
(1-8 Unit) No.3; No.4 B
No.5, No.6 1974-4
No.7 ‘1981-5
No.8 1981-8
Warsak | 740 6x40 [ Wo.1.2,3,4 1960
(16 Unit) N No.5, No.6 1981-1
Rusul 3 TE1l | 1951 '
Malakand 9.6 | 3%3.2 11938
- 2%5 | 1951
Dargai 20 4x5. | 1954
Nandipur 13.8 | 3xh.6 | 1963
Chichoki 13.8 Ix4.6 | 1959
Shadiwal - .|  13.5 2x6.75 | 1961
Kurram Gorhi 4 -lié ' 1958
Renala 1. 5%0.22 | 1925
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- (2)  (Thermal = WAPDAIKESC)

Installed - .
Capacity | No. x MW | Completion Date and Remarks- .
LR e ' .

| Name of Power
;- Plant. .

Multam (Steam) | - 260 - | c4x65 | . - " (WAPDA)
v (Gas). | - 5.7 | k5.7 o o -

Guddu (Steam) | T T TIRII0 | Ne. 1, NoaZ | T (WAPDA)
S 210 | 1x210 - |'Ne.3 1980-11 L

Faisalabad an T (WAPDA)
(Steam) 132 1 2x66
. " {Gas) 200 -] Bx2S -

“Shahdara T T (WAPDA)
{Gas) 85 2x13.25
| ] 4x14.75

~Sukiar (Steam) | S0 Gx12.5 | _ g (WAPDA)

Quetta (Steam) .15 . % 2%7.5 | * Coal~fired thermal Power Plant (WAPDA)
(Gas) 48 1x7.0 :
. : 1x16

1x25

Hydrerabad L . _ . (WAPDA)
. {Steam) 15 ) 2x7.5 '
(Gas) 28 - ix5, 1x8§

: Clxls

“Korti (Gas) 1 130 [ Z#is | No.3, No.4 1976/1979 (WAPDA)
| o 4x25 | No.5, No.6 19814 -

Korangi (Steam}’ _ o B . S

' No.l, No.2 132 2x66 | 1965 . S - (KESC)

(Steam) ' . .

No.3, No.4 . 250 . .2x125 ] No.3-1970, No.4-1977
{(Gas) 60 3x20 1978

West Wharf . . : -
A (Gag) .1 . 13 . 1x3.0 L . : : {KESC)
. : 3x5.0 1956 :

B (Gas) 30 4 2xi5 ] 1962

B (Gas) | 66 - 2x33

Dual Fuel | 15 | toxi.5 [1960 (KESC)
Site Gas - 100 | 5x20 | 1979 - - . (KESC)
- Turbine : g
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Tabee 2.6 EXPANSION PROGRAM OF POWER PLANT

Estimated - | . ... . . e S
Completion | Output (MW) Name of Power Plant
1986/: 1 75 “Guddu -(Gas Nousl)

1986/ 2 57 Pome (GésENOGZ) P

1986/ 3 75 " (Gas No.3)

1986/ .4 |7 75 e (Gas Noi4).

_ 1986[11_ -200 Kot Addu (Gas No.l & 3)

19877007 750 ‘.Guddu combined cycle (Steam No.5)
1987/10 75 | o - (Steam No.6)
1987/10 210 - Guddy - (Steam No.4)

1987/11 200 Kot Addu {(Gas No.2' & 4)

1988/ 4 400 Kot Addu (Gas No.5= 8) -

1988/12 210 'KESC (Steam:No.D~3)

1988/12 250 ~ Jamshoro '(0il No.l)

1989/ 7 35 . Mini-hydro (No.l) .

1989/ 8 432 Tarbela (Hydro No.ll)

1989/ 9 200 ‘Mangla (Hydro No,9 & 10) .

1989/12 | 432 Tarbela (Hydro No.12)

1989/12 210 Jamshoro (0il No.2)

1989/12 210° " KESC-(Steam No;D-4) -

" 19%0/ 3 200 Kot Addu combined cyele (Steam No. 9 & 10
1990/ 3 100 Faisalabad ¢ombined cycle (Steam No,9 =12}
1990/ S 432 ' Tarbela (Hydro No.13)

1990/ 8 432 B S No.14) -
1990/ 9. 210 Multan Ext. {(No.l)
1990/12 210

KESC (Steam No.Db-5)

Table 2,7 EXISTING TRANSMISSION AND DISTRIBUTION FACILITIES

(km)
Year | 500 xv 220 kv 152'kv 66 KV Total
1980 89 | 1,219 6,666 6,560 5,294
1981 849 1,224 7;054 6,845 | 15,972
1982 849 1,302 7,710 - | 7,045 16,906
1983 1,287 | - 1,302 8,777 | - 7,168 | 18,534
1984 1,287 1,437 9,239 7,389 19,352
1985 1,287 1,442 9,506 7,549 22,0i8
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Table 2.8 TRANSMISSION LINE CONSTRUGTION PLAN

_f_eaf Line Voltage . Ndme of Line Seétign
‘1985 IIZZQLkV 'Eéigéiébaa m'éaﬁiwa1
1985 500 kv 7?315;13553 " Multan © Guddu v Karachi
1986 - - 220kV :D&;.;l'bl';aE'C_ifr.cﬁit.'r-iardan e Pésh.awarl
1986 - -'220'k0 D/G Kot Addu " Multan
1987 220 &V fﬁadﬁ;d Khuzdar
1988 220 &V | Third Circuit Kot AddunMultan
1989 500 kV | Tarbela v Lahore
1990 500 kv | Ludevala & Dadukhel
1996 220 kV .S;éqndJQZijvtéﬁ&du ~ §ibi n Quetta
1950 500 kv' Lahote % Hultan A Guddu ~ Jamshoro
1990 220 kV  &Ehlcirépit Kot Addu ~ Multan
Table 2.9 WAPDA_'S EXISTiNG SUBSTATION
(As of June 30, 1985)
500. kY 220 kv 132 kV 66 kV | . 33 kv |  Total
No. HMVA 1" Nod mvA | wo. WA | Nod MVA | NoJ MVA | No. MVA
1| 900 10]3,182 240 7,379| 205 3,014 | 1| 18 |457| 14,493
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Table 2,10 GROWPH OF MAXIMUM DEMAND

__Resulfé (i).. | .: ,. .V'Projécpéd'(2) 
. Yeax Maximnm:Demaﬁd _Yéar Mékimpm ﬁemand

(FY) M) (FY) oMW
1970 948 - Cees. | 4,121
1971 o 1,026 1986 4,517
1972 1,148 | 1987 4,955
1973 1,242 1988 5,436
1974 | 1,39 | 1989 5,963
1975 1,637 1990 6,541
1976 1,620 1991 7,176
1977 1,836 1992 7,872
1978 1,972 1 1993 8,636
1979 2,006 1994 | 9,473
1980 2,473 |
1981 2,846
1982 3,163
1983 13,295
1984 3,791

Source: ‘(1) Power System Statistic (Tenth issue) WAPDA

(2) WAPDA Annual Report 1984 ~ 95
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Fig.2.4  Growth of Maximum Demand

i Compiex Interest -

10 72 4 76 78 80 g2 B84 86 88 . 90 92 94
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Table 2,11 - ENERGY GENERATED, SOLD, CONSUMED TN AUXTLIARTHS
AND SYSTEM LO%SES
e S Gonsumption . e " System Losses
Fipnancial: -Units in: Auxili- = -§  ‘Units Units s g :
Year Gene;ated aries of the Sgntout Solq‘ | beél . Pefténtaéé |
. power system _ _ _ :
(FY) | - (GWh) (th) .. {Guh) (GWh) _(6Wh) (%)
1969 5162 EP 6,983 3,600 1,383 27.75
1970 5,740 219 5,521 3.966 | - 1,555 28,17
1971. 6,029 174 5,855 | 4,137 1,718 ] 29.34
1972 6,836 183 6,653 4,599 2,054 30,87
1973 7,179 218 6,061 4,742 2,219 31.88
1974 8,041 184 7,857 5,212 2,645 33.66
1975 8,276 222 8,054 5,315 2,739 34.01
~1976 8;734_ - 258 8,476 5;452 ‘3,024 ' 35.63_
1977 10,089 221 9.868| 6,490 | 3,378 34,23
1978 10,609 203 10,396 6,981 3,415 32.85
1979 | 12,124 269 11,855 | 8,160 - 3;695 31.17
1980 13,206 344 11,862 | 9,068 3,79 '29.50'
1981 14,768 390 14378 10,288 4,090 | 28.45
1982 16,492 399 16,093 11,585' 4,506 28,00
1983 18,652: 400 17,652 12,762 4}890 27.70
1984 18,777 404 18,372 | 13,756 | 4,616 25.13
Source: Powef'éystem'statiétics, Plénninginepartment'Poﬁér Wing

10th issue
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{108 KWh)

Energy- Sold .

| Fi'g.2_..' 5  Growth of Energy Sold by E.con_ofh;iﬁ: Group
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Energy Generafed and Sold

“Fig.2.6 ~ Growth of Energy Generated and Sold
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2—2—4"-Pré§ent_8tété'anchuture'Plans of ‘Electric Power Equipment:

- Manufacturers.

?feééﬁély;'iu Pékiquau'éléctricity éupplyingkéquiphent and materials such
as cables and wires, electr1c1ty poles insulators, distfibutioﬁsfféuéfbf?'
mers” and enclosed type sw1tch boards are mostly manufactured domest1cally,
and also transformers ‘over 66 kv, as well as only 132 kV 13 MVA transfor—

mers can be manufactured by a few makers, however, 01rcu1t breakers and”

line sw1tch1ng equlpmeut above 66 kV depend on imports.

.Redeﬁtly;ufﬁe'Governmént made .a plau to.pfoduuegErausfdfméfsuufuéﬁ.and

132 kvuélaéé, domesticaiiy. “The couﬁtry's electric pouér:equfbmént”mékérs,
in. accdfdanbé with this policy, started a joinu venrure‘(JV) with
Yugoslav1an corporatlons for 132 kV circuit breakers (SF6) and W1th French
and Dutch corporations for 66 and 132 kv dlsconnectlng sw1tches, and 1t is
scheduled to start manufacturlng soon. Also, accordlng to newspaper’_
reports, the country's Heavy Electrlcal Complex announced that they ﬁlll
soon start manufacturlng transformers Wlth technlcal and flnanc1a1
assistance from China's C.M. E.C.. (China Materlal Machlnery and: Equlpment
Import and Export Corporatlon) 1)) According ‘to this report, it is
planned to home-manufacture 148 units of transformers (about 2,885 MVA, 66

kV, 132 kV/11.5 kV) annually starting in 1988 or 1989.
_Note: 1) Economic and Business Review: of Dawn Dated Nov. 18, 1985,
©2-2-5 Present State of Exiéting'TeSting Facilities

The outline of Pakistan's domestic testing facilities of electric utili~
tiés, electric power equipment makers and technical colleges is aé_fblibus:
(1) WAPDA TéSfing Laboratory
It is located in Faisalabad, about 140 km west of Lahor, and was
completed in 1969 with assistance from the United States of America.

The testing facility is'eduipped'only with a transformer for testing.

with maximum voltage of 80 kV and equipment necessary for_measurement.

-29 -



" Table 2.13 POWER FACILITIES POSSIBLE TO BE PRODUCED DOMESTICALLY

‘Name of Cdmpany

Itéms Rating
1. Transformer
For powef-trénsmissibn up to 33, 66, lSZkV/li.SkV, 13MVA | Simens-
IR o o up to 2MVA | PEL
Yor distribution WAPDA standard products ‘5 companies
2.'Sﬁp§brting'structufe' '

Steel tower and
structure

:Cdngrete pole

Wires
'Cdﬁtroi\ﬁabie
Power ‘cables
HA R
ACSR

Insﬁlatof
de aﬁd-high tension
Suspension

Power Plant Equipment

Circuit breaker

Digconnacting switch -

Currgnt Transfomrer
ilkV_Metal*enClosed
- cubicle
Watt-hour Meter

Relay

For comntrol
- For auxiliary

Batte}y

Lead acid type battery

Charger

up to 220 kV
up to 132 kV

11 KV, 132kV

below 1,000V

WAPDA's standard products

WAPDA's standard products

WAPDA's standard pfoducts-

SFg CB, 132kV

132kV, 66kY

up to 11kV

For 11kV distribution with CB

PECO
HMG .-
WAPDA's subsidiary

companies
companies
companies
companies

Wl 0o B

EMCO

PSL (JV) (1)
Pak Electron

(o) (D
Salo Dynamic

vy (3
Jhonson & Philips
5 coumpanies
4 companies

5 companies

Chloride Pak

Source: Summary of Questionnaire _ :
Notes; (1) M/S Energoinvest Yugoslavia and Pakistan Switch Gear Ltd. (PLS)

- {2) M/$ Merlin Gerin France and M/S Pak Electron Ltd,
(3) M/S Hapom BV Holland and M/S solodynamic Corp.
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(2)

' It mainly conducts electrlc, mechan1ca1 and: scxentlflc testlng of

distribution 1nsu1atoxs and metalllc parts according to WAPDA

spec1f1catxons.

~ This fac111ty handles 20 000 cases. of tegtlng annually (about

Rs 550 000)

_The test Equipmént'and instruments of this laboratory are as follows:

(a) Relay test equlpmenL

(b) WH meter test equ1pment

(¢) PT, CT test equ1pment

- (d) Max. demand‘meter

{e) 11 KV testlng transformer
() 011 tester
(g) Pressure gauge callbratlon gauge

(h) - Rubber gloves insulation tester

{1) - Insulator rod test equipment

(i) AC test bay
(k) Compression ‘test equipment

(1) Durometer
Facilities at University of Engineering and Technology, Lahore
The'Uﬁiﬁeféity of Engineering and Technology LAHORE was founded in

1926 and is the iargest university in Lahore. The number of students

is 3,000 in total with 1,000 just in the department of electric tech-

" nology.

As a testing facility in the university, there is a high voltage
testing facility where presently all .impulse tests for domestically

made electric power. equipment are conducted. The facility is equipped

‘with a 500 kV impulse generator {transformer and other accessories).

‘Unfortunately, this facility was installed 20 years ago and the insu-

lation is considerably worn out and presently it is only capable of

conducting tests under 300 kV.

The -facility is used on average 2-3 cases per day intluding experi-

ments by students. . In the future, there will be more and more -
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‘domestic products and this facility will not be‘able'to'keepfup with

the demand.
{3) Electric Manufacitrers' Teetihg'Facilities

lThere ‘are about ten (10) 1arge and Small electrlc equlpment manufac"
tureres xn Paklstan centered around Lahore and Karach1 like Cl1max
'Englneerlng Co..Ltd., Falzl Industrles Ltd., “Sameco Industrles Ltd.,
Pak Electron Ltd. Transpak Electro Cable Industries Ltd., Johnson &
' Phllllps Ltd., Siemens (Paklstan) Englneerlng Go., Ltd. and AEG
Telefunken (Paklstan) Ltd. '

Of these, the Study Team observed testing facilities owned by Transpak
Ltd., PEL (Lahore) and Siemens, J & P (Karachl) Asa: result, 1t was
found out that each maker only has transformers for testlng and
various measuring equlpment t0'conduct routine tésts with the standar-
dized test voltage to each product after manufacturlng and they must
entrust impulse tests  to Lahore University and short-circuit tests,

under the supery131on of WAPDA, to KEMA in Holland.
2-2-6 Problems of Electric Utilities
(1) Load Shedding

;Electrie_poWer plaﬁts_oWned by electricity utilities in Pakistan
generate, as mentioned earlier, a total of 5,477 MW. The maximum
electric power demand is 4,616 M and there is 19% reserve. The;efore
even if there is an accidental stop of large capacity upit or if it is
stopped for routine inspection, it should be able to give steady

suppiy of electricity to necessary households.

However, the hydro power plants, which generate 2,897 MW, or 53% of
the total power generation, can not generate full output during winter
because the water Jlevel in reservoirs lower due to the dry periods of

winter, so at peak hours they must restrict electricity consumption.

During this fiscal yeer; load shedding wes'carried_out from last
December to March. Time of the load sﬁedding depended on the c¢ity or
district; but was at peek hours (18:00 hrs.to 20:00 hrs), 2 to 3

hours, andrthe restricted powef limit was about 1,500 MW,
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(2)

Excesslve Loss of Transmission and Drstrlbutlon Line, and FrequenL

Occurrence of Accidental Blackout

Although the rate of loss of transm1331on and drstrlbutlon line in
WAPDA electrlc power system ig lowerlng,:1t lS 26. 7% as of end of
1984 whlch is very 1arge. The main reasons are 1oss from re31stance
of transformers and serv1ce wires and other losses (electr1c1ty
theft) "These exc9331ve losses can be reduced by 1mprov1ng the
quallty of transformers, shorLenlng dlstr1but10n line and 1mprov1ng

electr1c1ty supply facllltles.e

Also, trouble with electr1c appllanees due to excessive voltage and
frequent occurrence of black-out due to breakdown of low quality
electrlc power equlpment such as electric supp1y1ng transformers aod
circuit breakers, badly 1nf1uences the stablllty of people's lives and

industrial development.

Concerned with these problems of-Pakiscan‘s electric'utiliries,

‘WAPDA's Chairman_Gnulam.Safdar Butt announced in a statement on April

8, 1986, at the national congress as follows:

(a) WAPDA will additiovnally build by 1990 power plants to generate
3,000 MW, cancel the present load shedding, electrification of
3,000'viileges_every year and bring the rate of electrification

up to 90% by 1990.

{(b) Will conduct repair works on a large scale of elecrricity
supplying facilities and strengthen the checkrsystem'for'electri—

city theft.

In order to promote these plans improvement and development of

electrlc power equlpment is. a must, and high voltage and short-circuit

.test research centers, if utilized for product development research

and planning, will greatly contribute to solving the above problems.
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 CHAPTER 3 CONTENTS OF THE PROJECT

34 Project Object'i'v'e i

In the 6th F1ve~Year Economlc Development Plan of Paklstan, a great empha"‘
sis was’ placed on the energy development. A nat1onal plan for supply1ng
the eleotrlc loads essential to the 1ndustr1al development,“and for the
rural electrification program 13 belng 1mp1emented to whlch as much as 38%-
of the natLOnal publxc investment is devoted. At the same tlme, a var1ety
of electrlc power development programs ‘hdve been formulated to meet the
increasing domestlc electrxc demand.— As these plens and power development
programs are 1mp1emented a rap1d 1ncrease of demand for power transmlss1on
and dlstr1butlon equlpments is expected to ‘occur in Pak1stan, and the*
Government of Pakistan is aggre351ve1y 1mplement1ng programs for domestxc
manufacture of electric equipments with cooperatlon_from fore1gn nations

such as The People's Republic of China and Yugoslavia.

At present, however, there is no domestic facility in'Pakietan with which
the performance of electric equ1pment can be. tested, and- consequently the
tests of 1mportant dxstrlbutxon equ1pment such as power transformers and
circuit breakers, are commissioned to forelgn nations 1nc1ud1ng

Holland. The cost and time involved in the tests c0mm1331oned to

forergn nations are substantial, and at the same. t1me creatxng an rssue
from the viewpoint of forelgn currency sav1ng.. Also 1t is p01nted out that
there is a problem from.v1ewpoint of-development of domesttc technelogy,
since the electric equipment tests commiesibned_to the foreign countries

are conducted only on completéd products.

In Pakistan, a program is being'implemented-to connect the hydroelectric

power sources in the northern parL of the nation and the thermal power

‘sources in the southern part of the’ natron to" the load centers of the

central part by 500 kV extra—hlgh voltage,(EHV) tranSmlssron 11nes, A part
of this tranemiseion system is already inpoperatlon,'end all fecilities_
will be completeo by the end of thie‘fiscel year; Honever,'many problems
are encountered. w1th the: Operatlon of. SUCh hlgh technology power fac111“
ties, such as salt and- dust hazards on lnsulators and the: corona n01se,

plac1ng heavy technlcal burden on the organlzatlons lnvolved.
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Under the c1roumatances, the Government of Pakletan -had the Water and Power
Development Authorlty (WAPDA) formulate a plan for establlshment of a high
voltage ‘and short~c1rcu1t testrng and research laboretory hav1ng the -
l-followxng obJectlves, and requested the Government of Japan to. prov1de a

Grant Ald. '

(1) fsevingﬁthe*foreign_éurréney and the“tiﬁefcoosumedﬂby commissioning to
- foreign netions'for'the;oerformanee test of electric power equipment

(2) Enhanclng the domeetic product qualltlee and manufacturlng technology

"'?by havlng the domestrc manufacturer ut111ze the testlng laboratory

(3); Supplylng optlmal power equ1pment eff1c1ent1y and economlcally to
3enhance the electrxc power technology of Paklstan and to 1mprove the
‘power Supply s1tuat10n of thlS country by 1mproved qualltles and stan—

dards of power equlpment

3-2 "R_eview of Sc'ope of'the' Reouest

A Prellmlnary Study Team hed already consulted wlth ‘the 1nterested partles
of Paklstan to reach an agreement on ‘the scope of request. However, the
detarled scope of Lhe requeet has been revxewed to conflrm the outline of

the 1eboratory w;th_the Pakistani parties.
(1) Functione of Facilities”
(a) High Voltage Test

(1) To be capable of conductxng art1f1c1al contamlnatlon tests

~of 500 kv 1nsu1ators.
(ii) To be caﬁab}e of conducting the dielectric strength test'on
. the electric powerjequipnent to be manufactured in Pakistan
in future. :
(b) Short#circuit Test

(1) To be capable of conductlng the electrlc performance test

“of power dlstrlbution facilities

o (ii)'To be cepable of conducting.the:synthetic_test of-lﬁﬁ KV

“circuit breakers to be manufactured in the near future
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(2)

(3)

Administration Office Building

In the prev1ous prellmlnary sLudy, it had been agreed upon that the
administration office for this. testlng 1aboratory ‘would be constructed
bnyakistéui_surtissﬁ In the discussion held by this Study Team,
the Pakistani parties requested thaL the adm1n1strat1on Offlce,

1nc1ud1ng a bu11d1ng (approx1mately 150 m2) for the short ctrcult test

' monltorlng aud measurement be constructed by the Japsnese 31de.

Ta tﬂis réQuestrby Pskistaﬁ;_fhs_Study'Team decided to aécépt this .
request, consideritig the7fast.tﬁstfif'the‘adminiStration office were
not constructed by the Pakistani parties for some reason after comple-
tion of this project, this testing laboratory would not be ablé to

exhibit its full potential.
Testing'Facilities
(a) Capacity of Short-Circuit Generator

Concerning the capacity of the Short—sircuit‘generator-for the
ruptur1ng test ‘of the CerULt breaker (245 kY, &40 kA) the Studﬁ
Team explalnpd that 1,500 MVA" (instantanedus value) is suf-
ficient, but the Pakistani parties stressed that 1,500 MvA (3

cycle value) is necessary.

As the capacity. required'for a short—circuit.genérétor is
affected by the testlng items of the type tests of Cerult
breakers, the Study Team after returning back to Japan studied in
detail the capacity based on the test items to be‘proposed by
Pakistani parties, and 1t is dec1ded to be 1,500 MVA

(1nstantaneous)
(b) Coﬁputéf'

The Pakistani parties.questioned the required capacity of the
com— puter.' The Study Team explained that thesminiCOmputer pro-
'pose& by the Preliminary Study Team-is3sufficient for tHe_test
data messurement and anaiysis:to be conducted in this testing

laboratory, which was agreed upon-by'thé'Pakistani parties.

‘In conducting a performance test, it is very important to preci-

- gely measure the voltage, current and other phenomena that change
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inrtransient mannera; Consequently,_2 m1n1~computers, 1 for the
g short c1rcu1t teat and 1 for the hlgh voltage teat, arg required

for thls testlng laboratory.
(é)*fsyﬁﬁhefic'Téstiﬁngacilityr
 The synthetlc test faclllty ahall be able to conduct the synthe“

tie short c1rcu1t test of 140 kv, 20 kA gas circuit breaker, ‘and

-Shall be -an- outdoor type., Paklstan plans to produce the clrcult

_ breaker mentioned above by 1988 with llcense and  fund prov1ded by - -

a forelgn nation. The performance test facility for this circuit

breaker is requ1red.

Conaidéfingethé plan to manufacture a 245 KV circuit breaker in
futule,.the layout of the testing laboratory shall be such that

it can be expanded in future.
(d) AG Voltage Test Facility .

Aisingle:phaae'SUQ.kV_testing‘tranaformarJaha;l be installed to
enable the ACfvoltage_withatand test, the AC voltage test under
' water'spfay,fthe_AC voltage bfeakdoﬁn'ﬁest,,etc; for 220 kv
tranaformera. Also a single pnaae indubtion'generator shall be
‘installed to conduct the induced voltage test on the 220 kV, 75
MVA class transformers which are scheduléd for domestic produc—

tion in the_near futare.
(e) Impulse Voltage Test Facility .

A 1,800 kV impulse voltage generator shall Be_instaiied to enable
the lightning.impulse voltage tests one22b”kv-tfanafofmers and
insulator_stfings. The impulse voltage generator shall be an
outdoor type to save the neceéssity of building for a high voltage

hal].'.
. (£) Insulator_sﬁring_Artificial Contamination Test

A large fog room shall be prov1ded to enable the artlflc1al con—
tamlnatlon teats on 500 kV class transmission llne insulator
strings..  The testing transformer deaor1bed;1n,1tem (d) above

- shall be utilized as the voltage source of this test facility.

o



3-3 ' Project Outline
3~-3~1 Implementation Systems
[€)) Impleméntatipn'Ofganizations

This prOJect is to be - 1mp1emented wnder the Japan s Grant Aid Program.
The overall relations among ‘the melementatlon organlzatlons are

111ustrated in Fig. 3.1
Fig. 3.1 PROJECT IMPLEMENTATION 'S_YSTEMS

ST S

s7 . pfliish Pover |
SO ey
R | [ High voltage
e o Design
v ' B |
rd : i Measuring: B
’ . : .S;stem Design
N e T i 4|
7 Flectrical] |, Supervisory I
.7/' [ Eng. - I'planadbg .
s sl
s : - . | Architectural
< Design I
4 | | Structural
| Design |
The Authorities [ Project Manager Project s
Concérned in | [ Asst. P. Manager || |-Architect _bM/E.Design -
Japan I 1 : ’ Lo T o
. [ Quantity ol
} L— Advisor Survey !
| | | Equipment !
. _Planning i
I 1 5upervisory I
in Japan | Plabning !
i
U ! l
in Pakistan ] |
The Embassy of | Fulitime |
Japan ' 1 | _Supervisor
JICA Islamabad | L |
office ’ - S
: C _ Local Staff ]
Ny : .
. I
: . . Cousulting Service N
The Authorities B b e e
Concerned
{n Pakistan Mauager of
" { Contractor

Local Contractors

-39 -



(2) Implementetion'Organizetions-in_Pakistan Government .-

The lequlred formal 11alson between ‘the- Governments of Paklstan and
' Japan and proceduree anolved 1n this progect are to be 1mp1emented by
the M1nlstry oE Water -and. Power (MOWP), and matters’ zelated to the
worklng des;gne and_lnstallaoloo_worke are lmplemented by the Water

aod,Power'Developmeoﬁ_Authority (WAPDA).
3-3-2 Basic Plan

The pereeotegeuofnﬁhe:elee;fie-eﬁefg; in the . total enéféy.cdnsumption-,
is ever-increesiﬁg:io'PakiStan. Consequently, the role played by- .
ttahsmieeioo’end'distribution lines that transmit the electfic EUergy
generated in, power plants to the consumers eff1c1ent1y and safely is very
lmportant. As the transm1351on and d1str1but1on lines are always exposed
to severe natural environment, 1nc1ud1ng salt’ contam1nat1on, llghtnlng
strokes, w1nd and - snow, ‘they must: be prov1ded w1th Suff1c1ent strength and
maintained carefully. Genera]ly Speaklng, the fault oecurrlng in a
tranemiesion or, distrlbutlon line creates short=circuit current which is
ten times’ or several ten times the normal electrlc current,.causing thermal
and mechanlcal damages on the facility. Thus research and development
efforts are requ1red to enhance technology and equlpment ‘performance so
that the expan51on and/or secondary effect of the 11ne fault is prevented

and the damage is 11m1ted to. the minimum,.
The high voltage'eod'short¥circoit laboratory provides opportunities for
such technoiogy research and development activities, and enables the real-

sized performance tests of electric equipment manufactured.

The testihg facilities in this laboratory can be broadly. divided inte two

groups.

~Testing Faoility:' i) Short Clrcult Testlng Fac111ty
2) ngh Voltage Testlng Fac111ty .

(1) Short~Circuit Testing Facility
(a) Objective of This Facility

This facility is used for performance verification as well as

research and development of electrical equipment and structures
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. against short~circuit faults. The facility is maihly‘uéed for

testlng the ruptur1ng characterlstlcs of sw1tch1ng and protectlon

deVLCes such ‘as the c1rcu1t breaker. .

This facility . is also used-for’testing the mééhaniéal'strength of

-,equ1pmenr against the electromagnetlc power ‘created by shortH

(b).

c1rcu1t1ng, and the dlscharge characteristics of 11ghtn1ng

arresters.
Facility Outline

When e'circuit Bfeakef breaks the fauit curreht,'e high voltage
is applied between its electrodes after the 1arge current arc
between the electrodes-is quenched. . Consequently, a large
current and a large voltage are required for the circuit breaker
rupturing test., As it is difficult to obtain this'largegeurrent
aﬁd_voitage from a single power source when the large capacity
circuit breaker is used in an extra~-high voltage System; the
large current source and the high voltage source are separated.
The equivalent synthetic teet is performed_bf hombiniﬁg Ehese

large current source and large voltage source.

A short-circuit generator is employed as the large current -

source because the commer¢ial power system capacity is not suf-

 ficiently large.

(2) High

{a)

A condenser bank is used as the high voltage source.

For measurlng the test, there is a tendency to automate the
necessary measurlng with a computer, as the recordlng of circuit
COmpOSltlon test data and the data ana1y31s for a large varlety

of test cond1t10ns are getting more and more compllcated
Voltage Test Facility
Objective of Facility

This facility is used for performance verificdation as well as
research and development of electric equipment and structures

working at high voltage.,

IS



(3

(B 'Facility'octline-

This f&Clllty is planned to conduct Lhe lmpulse test, AG voltage
: appllcat1on test, 1nduced voltage test, contamlnatlon test, retcy
‘The” facillty.comprlses a high voltage hall, an impulse generator,

an AC high voltage'facility, and_a'contaminatlon-test'facillty.

.The'ndgn voltage hallris'used to.attenueﬁe che cofono:noise"coming
from-outside, generally enploying'electromagnetiC'shield'struce
tures. The impulse generator can be either‘fndoor‘type'or out-—
door Lype, in this case outdoor type ig adopted to save the

-constructlon COSE 3

.Contribution'of'The Facilities

These testlng fac111t1es are 1nd1spensab1e f01 the verlflcatlon of

equlpment performance in, re31121ng domestxc productlon of transmlsSLOn

'and substatlon equlpment such as, c1rcu1t breakers._

At the same tlme, practlcal tests and research ‘and development activi-
ties must always be conducted on electrlc equlpment and Structures,
as hlgher power system voltages are employed. ‘Without the nation's

own testing fac111t1es,_those in fore;gn countfies, such as

‘Holland, Canada, Italy andsJapen must be reSOrﬁed,fo;;‘Fo;_the
‘utilization of foreign testing”fscilities,'ﬁspy constraints. are

_imposed such as the-difficdlty of adjusting the testing schedules,”as

well as waste of" time and expenses for LranSportatlon, somet1mes
making it v1rtually impossible to conduct sufficient verlflcatlon
tests. " For the same reason, the research and development of equlp—

ment are constralned prohlbltlng ‘the Supply of products that meet

"the requlrements for development of large capacity, hlgh voltage power

systems.

Such counstraints Can_be_eliminated if a domestic large power testing

facility is established. Thus the contribution of this testing

laboratory is quite substantial._
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3-3-3 . Proposed Project Site .. .

. Thé-site-for'the.laboratbry'haé,ﬁéenfaéleéﬁed ih;the:quthféascétn‘ﬁprngfﬂ
of the land on which WAPDA‘ is ‘Iﬁ'lénning to cénstruct a'SOO‘kV substation,

This place 1s 1n the leat district, 25 km to the south- south east of

Islamabad the ‘capital’ c1ty of Paklstan. C

Fig. 3.2 Proposed ProjectlSite

——ISLAMABAD

SITE ‘FOR  SUBSTATION
approx. 50ha

CRAND. TRUNK ROAD

(g? SITE FOR TESTING
L ABORATORY

approx. 6ha .

LAHORE ——
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Tﬁis site ﬁas selected based on the-followihg Yeasons. . . .

(1) 1t is a land procured for: constructlon of a substatlon, and the land

felevatxon lS the h1ghest among the candldate sites,

(2) 'As the Slte faces a branched road the 1aboratory is 1ess 11ke1y to be
affected by n01se and v1brat10n of traffxc, while it is convenxent for

.transportat1on of heavy equipment,

(3) The site has a_rectanguia? shape,:and it is possible to expand the

premise in northern or western direction.
3-3-4 Plan Qutline

The Outiihé of the High Tension and Short-Circuit Testing Laboratory,
agreed_upon'bethen_the Government of Pakistan and the Basié'Design Study
Team,-is_presented below.

(1) Shert~Circuit Testing_Facilityr

This facility shall be sufficient for the direct short-circuit tests of
distfibﬁtion equipméht." The synthetic test facility shall be added to the
basic facility to enable the short-circuit tests of higher voltages. '

(a)3xShort ~circuit generator (including a derIHg motor, an excitation

" system, etc.)

(b)_'Curreht limiting reactors and line switches for switching opera-

-__ﬁ%ons
(c) Shdrgfcircuitvtrgnsfo;mér'
(d) Coutréi'éud mﬁnitoring board (including:computers)
(2) High Voltage 'fe.e%;-in_é.:.f"g;zg.iiity |

Sufficiént facilities for various high voltage testings of

traﬁémission‘and substation equipment shall be provided,
(a) AC testing transformer

{b) Impulse generator
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(c) Watef‘spriekler eQuipment .
{d) - Conramlnatxon test equlpmenL (fog room and art1f1c1a1 fog
generathg fac111t1es, etc.)
(e) Meeéﬁfing’deviéeé (vdltage'and current meeéufeﬁeﬁt devicesg"
synchroscope, partlal dlscharge measurement dev1ce, sphere gap,
etCo) o
(£) Measurement and eontrel'ﬁdefd.(ihcluding'a_mini—cemputer)
(3) " Power Receiviig Faeiliiyi(fdrbétBbfn'byrﬁéEieteﬁ)
Power is supp11ed to: the Laboratory from a nearby leat Substation by
. 1nterconnect1ng dlstrlbutxon lines. '
_(a) Two interconnecting 11 kV distribution Tines
(b)  Incoming and oﬁtgoing line breakers with one bus ¢oupler
{c) . The power transformer'
(d) nghtnlng arresters_
(4) Buildings
The buildings accommodating the”eqeipﬁent deseribed above and equip-
ment_foeﬂdations, etc., shall be constructed.
(a). Short-circuit genmerator building
{b) Sherf#birtﬁitfteeting,building
(¢) Administration building
(d) Fog testing building
3-3—5 Manageﬁent.an& PerSohne¥ 

After this prOJect is completed the operatlen and management of the
"1aboratory shall be conducted by WAPDA WAPDA w111 place this 1aboratory
under either the Transmission & Grld Station Division or Inventory Control

- Division, to have_the Division operate this laboratory.

WAPDA plaﬁs;ﬁo'assign the-personnel below. for operation of this laboratory.
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Chief-Engineer/Project Director -1

_Deputy Director _ _ 2
Profe331ona1 and’ Technxcal 45
_Cler1cal ' ' 19
Skilled 16
Unskilled . . 29

Thé numbef bf'pérébnnei in this plaﬁ iooks a little 1arger for.operation of
this fac111ty, when the number is compared to those in Japan and other .
foreign nations. WAPDA however, is planning a large research center for
electric power englneerlng, and this personnel plan is built with the idea
that the ﬁersonnei for the center is to be trained and educated by the

operation of this labOratory.

‘As a falrly h1gh technologlcal level is required for the opéeration of this
fac11;ty,_WAPDA strongly requests the technical assistance by Japan. Wlth
a view to enable the WAPDA Engineers to develop indigenous expertise for
tests of new equipment, the'pfogramme‘of traiﬁing of Pakistani trainees
including the research work tralnlng ‘under JICA tralnlno programme though

not a part of this project to be formulated.

3-4 Technical Cooperation

This laboratory is fof‘high'tension and short-circuit testiﬂg,-énd certain
degfees_of experience and technical calibre are required for the operation
of this laboratory. Thus-training of 0peration personnel is indispensable
in this project. The following plan is suggested at this stage for the

training of personnel for 1aboratory management operation,
(1) Training to be provided under the Contract
(a) Training during Shop Test at the Factory

The personnel can take part'in the testing works of similar test
. facilities at the factory in Japan as apprentices; to learn jobs
related to testlng operat1ons as well as operatlon and main-

tenance of test equ1pment.
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Engiﬁeefoo:‘éhorthircuit test _:1 person .2 months
Engineer for synthetic test - 1 persoh 2 mouths

Engineer for high voltage test 1 peréon_ 2 mouths
(b) On-the-Job Training

The_bonsulting enginéers and the techniqél'instructOrs of the
equipméﬁt'manufactﬁrers can provide on=the-job traiﬁing'to the

" whole personnel of the laboratory.,

{2) Tfaihihg'to be provided by JICA (when requested by the Government of
Pakistan) '

(a) Dispatching experts for Laboratory Operation
It is.deemed necessaryito dispatch seﬁeral-eXperts to act as

advisers for about 2:years after.cohpletion of the Laboratory.

Engineer for short-circuit test 1 person 2 years
Engineer for synthetic test - 1 person 2 years

Engineer for high voltage test 1 person 2 years
(b) Dispatching Trainees to Japan

'Within_2 years hfter'completion of the Labofatory, 2 or 3
trainees will be sent to Japan annually as counterpart for 3

months.to learn jobs in connection with the Laboratory.

To provide the technical pooperatioﬁ asfitemized_abpve on échedule during
the construction and after the completion of the Laboratory, the Laboratory

to be materialized under Japan's Grant Aid will be utilized more effec~

tively.
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'CHAPTER 4 BASIC DESIGN

441 Design Principle.
4-1-1 'Tj‘e_'st_‘iﬁg ';F.i.i,é'ii'i'éie‘s

Although there .are great expectatlons on testlng f30111t1es whlch can
enhance technologlcal development the follow1ng factors were ‘taken 1nto':
-cons;deratlon in developlng the desxgn for ‘this. test1ng 1aboratory, based
on the prlnclple that the functions of the laboratory should’ be'llmlted to
‘those’ whlch can be of practical value 1mmed1ately after completlon of the
'fac111ty, under the general technologlcal and industrial status of

Pakletan.-

(a) The faci1ity enables the performance fesfé'en.the 11 kV distribution

equipment which are already being manufactured in Pakistan.

(b) The dielectric strength test of electric equipment and the artificial

contaimination tests of 500 kV insulators can be conducted.

(¢) The type tests .for the 132 kV and 220 kV power ‘equipment, which are -
to be manufactured domestically in the near future, especially the
circuit breaker and transformer, have been taken into consideration in

the basic design,

(d) The facilities are to be designed in such_a way that it provides high
safety and easy. maintenanee devices, The equ1pment used w111 be as

simple as p0981b1e to fac111tate 0perat10ns.

(e) As this is the first facility of this kind in Pakistan, it should be
designed with due eonsiderations_on“ite impact on natural eavironment,
as well as on safety and high reliability.

(£) The testing facility equipment shall be standardized as much as
possible, to reduce the equiﬁmeﬁt costs and to rationalize spare

parts.

(g) The design.shall be as econcmical'as_possible;'provided that this does

not conflict with the above design principles.
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412 _auiia{ng's _ﬁééofﬁﬁicdét'ih;g'Téétiﬁ_g3 Faciliti_'es

Thls test1ng 1aboratory consxsts of the short circuit test facxllty, the -
high voltage Lest facllxty,rand the power receiving fac111ty (the last to
_be boru by Paklstan), and an admlnlstratlon office bu11d1ng for the manage—

ment ‘and overall operatxons.

‘Each equlpment fac111ty and bu11d1ngs shall be de31gned w1th emph391s on
functlons, and the v1sual de91gns and flnthlng materlals shall be Slmple

and not be extravagant.

.The'visﬁal désiéns'énd:fihiéhihg'ﬁatériais”of.the'administrérioh building
shall be so selected that it will match the designs of other test facility
'bulldlngs and have the dlgnlty whlch is sultable for the management of this

1ab0ratory., The islamic d331gns.sha11 be rncorporated as appropriate.

The constructlon materlals shall be procured 1nslde Paklstan as much as’
p0851b1e, unless there is problem w1th the materlal quallty or

ava1lab111tyf

In the bu11&1ng and equlpment d991gns, systems and equlpment Lypes which
fac;lltate malntenance shall be selected, to reduce the runn1ng cost and to
realize energy conservation. '

4-1-3 Description of Facilities.

'The large capac1ty short c1rcu1t fac111ty has a 15 kV 1, 500 MVA shortcir-

'cult generator as 1ts maln power source, and short~c1rcu1ts tests for a

' ‘wide range of voltage classes, from the high voltage to the low voltage,

. can be performed by changlng the connectlon of the transformer.‘

Technologlcal development and varlous safety measures of electrlc power
equ1pment, can not be achleVed only by theoretlcal studies or small 5c31E'
experlments, but a fu11~3ca1e verlflcatlon tests are req01red. This faci-

lity shall have performance whlch enablea sucb tests.

The single 1ine'diagram 0f the large capacity short-circuit test facility

. is presented in Fig..4.2.
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The equipment to be tested is placed.in the test bay, and the main electri-

cal circuit is.formed by the connecting conductors.

The total 1éyout is preéented in Fig. 4.7.

(a)

(b)

Short=Circuit Génefapor'(i;séf of'prhasé;gehefator)

This generator is a 4 pole,‘cyllndrlcal rotatxng f1e1d ‘dual ven-
tilation type, synchronous generator, whlch 1s dlrectly connected

to driving motor (capaCLty to be decxded)

The ého;t?circoit generator is_basicolly.théioaﬁe éé'convénpional
generators, but the coils and busoes‘afg réiqfofced botﬁ thofmally and
mechanically, because. the mechanical energy stored in the rotor is
convéfted to the electric energy.infa_very Short time; .The main spe-

cifications of this short—circuit generator are as follows.
-<Short—0ircuit Generator Specification>

Short oircuit_cépacity: 3lphasé,.l,5b0 MVA.
. ' "~ (t =0 cycle)

Rated voltage : 15 kv
.Rated frequency: 50 Hz

Cooling " : Air cooling -
{Determination of Short-Circuit Generator Capacity>

A short-circuit generator of a smaller capacity is sufficient. to per-
form short-circuit tests on the ll'kV distribufioh equipment (mainly
circulit breakers and transformers) currently manufactured in Paklstan.
The short—c1rcu1t capac1ty stated above was selected based on the idea
that the’ generator w111 serve as the currént source in the Synthetlc
short-circuit test for the 245 kv c1rcu1t breaker whlch is being

planned for manufacturlng in Pakxstap in future.

'High Voltage Short-Circuit Transformer (single.bhaée,.3 units)

This equlpment w111 be used most frequently in thlS laboratory, being

capable of workxng as the power source for a varlety of short~c1rcu1t

tests with voltagés from 10 kV to 15 kV. The secondary tap voltage of
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(c)

'3”uﬁits of:tfansfo?ﬁefs ¢an Berchéﬁged, and'they'ceu'be eonnectéd in

the way most sultable to the: test to be performed elther 1n series to

a Slngle phase connectlon, or Delta or Star 3"phase connectlon.

The=9pecifidatioﬁ950f this traﬂsfofmer'are giveh below.

Nomlnal capac1ty ¢ 50 MVA
Short c1rcu1t capacity ' 700 MVA
‘Rated voltage _ “-:. 15 kV/IO - 15 kV

Synthetic Short~Circuit Test Facility,

Sometlmes it is 1mp0551b1e to carry out a performance test of clrcult

'breaker w1th a single short- circuit generator; when-.the breaker rup:-

turlng capac1ty ‘inereases with the increase. of the power system ‘'short~

Cchult capacity.

One way of 501V1ng this dlfflculty is to supply the current from
shortc1rcu1t generator, and snpply the transient . recovery voltage
after the current rupturing from a charged condenser. The short-
circuit test is conducted by instantly switching from the currént
source to the voltage source., This method is generally called the

synthetiec short-circuit test.
<{8election of Capatity of Synthetic Shortucircuit_Test Facility>

The capacity of this facility shall be_éuch that a eynthetic short-
circuit test of 154 &V, 20 kA gas circuit breaker can be conducted.
In Pakistan, the technical iicense and fuﬁd_for manofaetu:ing such

circuit breakers have been secured from a foreign covntry, and the

pfoduction_will be started ih 1988.  For these circuit breakers, a

.vefification test‘faciiity is requlred.

Since there is a plan for manufacterihg 245 kV circuit breakers, con-
31derat10ns are glven on the fa0111ty de31gn for pOSSlble expan510n of

fac111ty in future.:

Therefore, the facility was designed for outdoor installation,
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(d)

'Measuremént Devices

It is very 1mportant to perform prec1se measurement an the voltage,
current and other variables- that undergo tran31ent states in .a short-

c1rcu1t_test.- It can be said that the quality of measurement controls

the performance of the whole test and research.’

- For this reason, the following weasurement deévices shéll'be;prdﬁided

in this short-citcuit test facility, to.enéble high accuracy measure-

ments in a wide range.

(i) Automatic Measurément and Analysis System by Mini-Computer (1

set)

As the test condltlonq are dlverSlfled and circuit conf1gurat10ns
and the method of data collection and analysis become more and
more complex, it is a recent trend to automate the test opera—

tions by computers.

In the pésf, the analbg'ﬁeésurement_devices, such as Brown tube
osdiilbgféph;:oscilIdsCope and electromagnetic oscillogréﬁh wvere
generally employed'iﬁ the.méasurément works related to large

power electric tests. In such measurement works,‘a 1argé émoﬁnt
of'ﬁimé‘and human labor were &emaﬁaéd,.bécause'a 1arge volume of

data had to be processed o?_anélyZéd at high precision,

With the recent advent of analog/digital conversion technique,
éomputer techndlogy and opto-electronics, measurement syétems

employing computers have been introduced.

For this test faéiiity; a high speed multiple channel data pro-
cessing sféfém dedicated to rhe wave anéiysis will be provided.
The optimal scale. of this:system deﬁends on the number of input
signéis énd the fequiréd processing Ltime. In this case, the

system was determined for 12 input elements and processing time

of 5 to 6 minutes,

This is a relatlvely small system, as Compared to equlpment for

slmllar fac111t1es.
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OUTLINE OF MEASURING SYSTEM (SHORT~CIRCUIT TEST)
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System Outline

s.Input Units 'Widé'band'inﬁﬁt am§1ifié}s...; 4 chadnels
Frequency. characteristibs' DG to 100 kHz
Medium band input amplifiers L. 16 channels

Frequency characteristics; DG to 10 kiz

A/D Converters
Resolution; 12 bits

Conversion speed; 1.5 micro-seconds -

4 Floppy Disk Drivers
8 inch floppy disk drive x 2, 1 ¥ byte/unit

» Main GPU

Dynamic micro-programming system

- High Withstand Voltage DC Amplifier: . 10 seéts

Number of channel; 1

Capable of performing high precision measurement in a short-
circuit test facility where a complete floating DC amplifier
having high accuracy, wide bandwidth and high isclation are

required.

Same phase allowable voltage (w;thstand voltage )+5 000 V DC
Frequency characterlstlcs, DC to 100 kH=z

Number of channels; 1

- A/D Converter: 2 sets
Number of channels; 2
A/D conversion speed; 20 us/sample
A/D converter resolution; 10 bits .
‘Writing ﬁemory iength;-8,192 words (4,096 words/ channel)
‘With GP-IB interface (IEE-488)

—- Printer: ' 1 set
Wire-dot matrix type, 24 pin printer

Paper width; 5 to 15 inches
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.~ X-Y Plotter: _ o © 1 set
Maximum recording area; 400 x 275 mm

Papérﬁ-AB size

(ii) Measurement Auxiliary Devices

- The physicai quantities including high voltage and large current
that accompany_the short—circuit'tgst.can by no means be directly

put into the measurement devices above.

For this reason, it is unecessary to convert those quantities into

electrical signals of low voltage.

As the converters for this purpose controls the accuracy of the
whole measurement systems, high accuracy conversion instruments
for current and voltage are equipped on this large capacity

short-circuit faeility, as described below.
~ Voltage Dividers

“The high voltages encountered in. the test is linearly reducéd to an
order less than several tens of volts. There are following'différent

types depénding ou the kind of impedance used for voltage division.

* PT (potential transformer)

-

3

GG (condeﬁser type divider)
* CR (resistance and condenser divider)
* R,R., (resistance divider)

(System addopted yet to be decided)
— CQurrent Shunts .

. These are resistors having low resistance and producing voltage drops
proportional to the large current. They are mainly the cage Lype and

coaxial type, which have superior time characteristics.

* Cage type

* Coaxial type

- 56 -



(e)

(£)

Althdugﬁ shuﬁts_ére usually placed on the grounding side of the cir-
cuit, it is hécesséry to connect them to the high voltage parts of
circuits fo obtain higher precision. For this purpose, the high
potential shunt is developed, which is used to measure cirrent at high

voltage parts of Circuif'by employiﬁg_thé optical signal conversion

'ﬁethod._

Current Traunsformers

The current transformer is used when the shunt can not be uséd,.éudh

‘as in the case of measuring current of circuit having high voltage or

short~circuit test 6f ungrounded system.
* 2.5 kA to 50 kA/S5A
Current Limiting Reactors

The current limiting reactor is used to control the short-circuit
current, and usually have no-iron core. The coil is embedded in rein-
forced concrete so that it can withstand the powerful electromagnetic
force created. The desired value of short-circuit current is obtained
by combining several units of reactors having different values for a

phase.

The connection can be changed remotely by the calculation board in

the measurement room.
Switches

In order to utilize the electric power generated by the short-circuit

‘genarator, transformer, etc, for the test in a safe manner, a large

current ‘switches capable of closing and opening the short-¢ircuit
current are required. There are a variety of switches for performing

this function, and cutstanding switches are described below.
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(2)

(i) - Protéctive Circuit Breaker'(3fphase; 1 set)"

This circuit breaker is connected to the output terminal of the
short CerUlt generator, .and hav1ng the backup protect1on fune~

tlon capable of unerrlngly breaklng any current occurrlng.

Indoor type vaccum circuit breaker with parallel resisters.
Rated voltage, 15 kv
Rated rupturlng currentj 80 kA

(ii) Making Switch.(3 phase, | set)

The function of this switch is to close the circuit with high
accuracy to prbduce the short-circuit condition.. The making
switch is'proVided in each phase. It has no capability of

current breaking.

"Rated voltage; 15 kV
- Rated closing current; 200 kA (peak value)

(iii) Other Switches

Depending on the nature of test, several auxiliary switches other.
than the above are connected in series or in parallel, to form a

circuit condition with high accuracy.
High Voltage Test Facility

This_faciiity'enables vetificetion; research and development of high
volrage performance of electric equipment and structures, which in
turn will make if possible to reduce the effect of electrical failures
in the transmission and distribution lines as well as power equipment
caused by lightning and other factors, to enhance the reliability and

economy of electric power system components.

The rated test voltage.of'the 220 kV power equipment has been selected
as 900 kV for lightning impulse, and 395 kV for AC voltage. The
highet'rating for the impulse voltage is a general rule based on the

voltage withstand characteristics of power equipment.’
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(a) Testing Transformer

This trénsfdfmet is used to cdnduet.thé'insulation-@ithStand test
on electric power equipment such as circuit breakéré'&nd trans~
. formers. In this laborétéry,:this:transforﬁér'will also be used
© for the artificial contamination test of transmission line insu-

lator strings.
<{Belection of Transformer Capacity>

In Pakistan, the 500 kV transmission line was recently completed,

and. put into commercial operation.

Thus it was decided to select a testing transformer with which
both the AC contamination test of 500 kV class insulator strings
and the AC withstand voltage test of 220 kV transformers can be

conducted,

Ratéd voltage ot 3.3 to 6.6 kV/500 kV
Rated frequency : 50 Hz
Short-circuit capacity: 20 MVA

{b) TImpulse Test Facility

This facility shall make it possible to conduct impulse tests on
insulator strings and transformers having 220 kV class rated

voltages, The facility shall be of an ocutdoor type.
<{Selection of Rated Voltage>

The 500 kV power equipment were regarded as sométhing to be
dealt with in future, and not taken into consideration in the

test equipment design,

Lightning impulse charging voltage: about 1,800 kv
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(¢) Measurement Systems
- (i) Data Processing Computer
As there is qnlyfl_measu;ément”element in a:high:voitége
test, the,cémppfef for this test is smaller in capacity than

the:one for the short-circuit test. . At the same time; the

requirement on the processing time is less severe.

Auxiliary Memory

5 inch floppy disk drive: 1.2 M bite x 1
"5 inch hard disk drive : 20 M bite x 1

Interfaces

"'RS=232C -interface
GP-IB- interface (IEE-488) -

Printer interface

= RAM (random access memory)

512 k bite

CPU 16 bits

(ii)  Printer 1 set

Wire-dot matrix: 24 pino

Paper width : 5 to 15 inches
{iii) X-Y Plotter

Maximum efféctive paper area: 400 x 275 mm

Paper . i A3 size

" (iv)  Digital Memory (with display)

"Freduéncy'band . mo more than -3dB ia DC to

12.5 MHz |
Chann§17seiection " . dual, | channel or 2 channels
A/D conversion speed .20 ns/sample

" A/D conversion resolution: 10 Bitsg
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Reading memory length ¢ 8,192 words .. ‘
{4,096 words/channel)
With GP~IB iaterface (IEE-488) :
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4-2 Design Conditions
4—2—1'7eqipment-DesignJCOhdiEions'”'
(1) Naturél,Conditions

The natural conditions at the laboratory éite is as below, according

to matefialé collected and site survey by the Study Team.
{a) Elevation: ' _ 300 m
(b)' Meteorological conditions

(i) Temperature: Maximum; 45°C

Minimum; -10°C

(ii) “Relative humidity: Maximum 100%

(iii) Wind velocity: " 45 w/sec
(iv) Precipitation: Annval; - 1,275 (Islamabad)

Maximum; 333 (In July, Islamabad)
(c) .SeiSmic condition Horizontal acceleration; 0.2 G
(d) Grouﬁd specific resistance; 50 to 100 ohms/m
(2) Stéﬁdérds.tb be A§p1iéd

In the design of this project, the internationally accepted IEC stan-
dards shall be applied in principle. The folleowing Japanese standards -

may also be applied when necessaty..

(é) Japanese Industrial Standard (JI8)

(b) fhe Institute of Eléét%ical Eﬁgineers of Japan Stanéard (JEC)
(¢) The Japan Electrical Manufacturers.Association Standa?d (JEH)

{d) The Japaneée_Eléctrical Wire and Cable Maker's Association

Standard (JCS)
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(3)

Equipments Subjected to Test

(a) :T?ansformer'
(b) Circuit breaker
(c) Diéddnnehtor
(d) Power fuse
{e) TPower cable
(£)  Insulator
(g) Bushing
(h) Others
(4} Type of Test
(a) Type Test
(i) Short-circuit test
(ii) AC voltage withstand test
(iii) Lightning impulse voltage withstand test
(iv) Switching impulse withstand test
(v) Short-circuit mechanical streungth test
(vi) éhoft—time_withstand current test
(vii) Small cépacitive current breaking test
(viii) Short line fault breaking test
(ix) oOut of phase breaking test
{x) Partial discharge test
{(xi) Others
(b) Tests for Techunical Researches
(i)} AC voltage breakdown test
(ii) AC artificial pollution AC voltage test
(iii) Voltage/time curve test
(iv) Tnsulation characteristics test
(v) Others

_63_



Testing Item and Facilities

Fig. 4.
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(5)

Basis for Selection of Facility Size

The basis for the selection of  the facility size have been -discussed

with the Pakistani parties in reference to the study results prepared

by ‘the Preliminary Study Team.

(a).

(b)

By this discussion, it was decided tc.set . the following two
cases. '
Case. | Number of Phase Voltage | Short~circuit Current
1 3 12 kv a 25 kA
i 12 kv 40 kA

In case 1, short-circuit tests can be conducted on the 11 kV

distribution equipments manufactured in Pakistan (mainly circuit’
breakers and transformers). In case 2, the facility can be ‘used

as the current source for the synthetic short-circuit test to be

_conducted on the 245 kV circuit breakers to be manufactured in -

Pakistan in future.
Synthetic Short-Circuit Testing Facilities

In selecting the size of the said testing facilities, the facili-
ties can be used for the synthetic short-circuit test of gas cir-
cuit breaker with rating of 36 kV 25 kA upto 145 kv 25 kA

possible to be produced in Pakistan domestically in future.
Testing Transformer

It was decided to select a testing transformer with which the
artificial contamination test of 500 kV class insulator strings
and the AC withstand voltage test of 200 kV class power facili-

ties including transformer.

In addition, the induction generating facilities are provided so -
as to carry out the induced voltage test of the reduced inmsula-

tion type transformer.
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4--2-2 Avchitectural Design Condition

(1Y Weather Conditions:

(2)

The summer of Islamabad is very hot (from May to July), the highest

temperature recorded being 45.1°C. 1In wiﬂtér,'it snows although this

is rare, the lowest temperature recorded being -2.8°C.

The prevéilihg wind direction is southﬁeét in summer and northeast.in
winter, and sand storms are experienced in July. The precipitation is
afodhd 100 mm ia the monthly average. Thig may be from 200 mm to

300 mm in the period from July to September.

The building shall be éonstructed_along the east to west direction,
To deal with the high temperatufe in éummer,_it will be éesigned to
avoid strong s@ﬁsﬁiné and have a high ceiling providing good ven-
tilation. The coi& in the winter night shall be dealt with by

heating.
Construction Practices

The general architectural design and comstruction methods being prac-

ticed for office buildings in Pakistan are as described below.
(a)  Structure and Material

* Column beam and floor: steel reinforced concrete

* Bearing wall, curtain wall and interior wall: brick construction
(b) External Finish and Structure

* Qutside wall: painting or plastering on brick

% Pavement: brick with contreté side ends
{(¢) Internal Finish, etec.

*# Floor ; terraézo finish

* Wall : plastef finish

* Ceiiiﬁg . sound aﬁSorBing board with paint finish
* Ceiling héight i 3.25 to 3.50 m o

* Width of corridor : 2.4 to 3.0 m
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(d) Office Floor per Persom: 9.3 m? {100 square feet) .-

" In accordance to this practice, the buildings will be made of
asteel reinforced conecrete structure in principle, and nonbearing
wall will be made of Erigk, and floors will be finished with

' terrazzo.
(3) Laws and Regulations Related to Architecture

As ‘this site for construction of the laboratory is outside the capital
¢ity planning zone, the report to the Capital Development Authority. -

(CDA) will not be required.

(4) Religious Customs

As.lﬁlam_is the national rgiigion'of Pakistan, the:diréétion of ﬁesﬁ;
which is the direction of the holy city of Mecca, is regarded saéféd.
For this reason, the toilet'facility can not be plabéd in sﬁcﬁ a ﬁéy
that the human body faces eastern or western direction when it is
used, Also, a faéiiity must ‘be provided in the .wash room for washing

hands -and feet before prayer:
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' 4-3 Basic Plan
4—3;1';Premiseﬁand LayoutiPlan_

The premlse of the laboratory has the hlghest spot on the southeastern
corner, gently sloplng down- by approx1mate1y 1° in the northern direction

and by 2° in the western direction.

It héé been confirmed that the power receiving facilify, water supply faci-
11ty 1nclud1ng water storage tauk, dralnage bystem, septic tank and sewage
pond (if requ1red) and others as described in 4-6-2 (2) will be constructed

at the expense of the Pakistani side.

The -layout of the testing facilities and power receiving facility are
determined by the functional requirements. The administration building is
also determlned by the functlonal requlrement because the measurement  and

control room is accommodated in thlS bulldlng.

The-pefiphery of the premise will be provided with tree planting create a
green zone, to shield direct sight, noise and vibration, to create cozy
atmosphere suitable to a research institute; and to stabilize soil and pro~

tect the 1aboratory from sand and dust on windy days.
4-3-2 Tooting Facility Plan.
(1) Short%Circuit Test Facility

(a) Test Items and Test Equipment Specification

The specification is such that the egquipment short-circuit tests
(direct test and synthetic test) can be conducted in accordance

with the IEC standards.

‘The ratings of equipments subjected to tests and the test items

are as presented in the table below.
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Test IteMsf

Powef-Syetem
"~ Component

Ratingi_-V”'

~Short circuit tests (Direct)

h . (Sﬁnthétic)
1 . ( o n . )
11 ( : u )

Short circuit withstand
current tests

Small capacitive current
breaking test

Circuit breaker :

(VCB, GCB)
" (VCB, GOB)
"(eeB)
© (eem

CB, DS
Transformer

CT
Cubicle

Disconnecting switch

Circuit breaker

1 12KV~ 145y

12KV v 245KV

J upto 12kV

12xv: 8, 12.5, 16, 25kA

36kV: t
72.5kV: 12.5; 20kA

145kv:  12.5, 20kA

Low voltage side:
upto 11ikV ~

245V

12kV v 145kV

The specifications of major testing equipments are given in the

next table,
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NO. | . APPARATUS Q'Y RATING REMARK,
i. | SHORT CIRCUIT GENERATOR -
Il'Shoft'dir¢uit genéfétor 1 'Horizbntalk;éyliﬁdr{cal'fotor,'
E E rotating field, open air
cooled type -~
3 Phases; '15kV
1500MVA  t=0 cycles
Connection Wye (Y)-
Insulation Class F
2. Rxcitation transformer’ 1 | 11kV/350v, 50Hz, 600KVA -
3. Thyristor rectifier 1 | Gate controled thyristor
“cubicle bridge 348kW, 1200A-290V
4. Field circuit breaker -1 | p¢ 290v, 1,2004
cubicle '
5.:EXCitatiou control 1 Solid state type, automatic
cubicle : ' voltage control
6. Starting motor . 1 | Wound rotor;‘oPén_ventilation,
' ~drip proof induction motor
3 Phases, 11kV, i
Ingsulation Class F
7. Bearing oil system 1 0il tank capacify 10,000 1lit.
' ' ' Max. cooling water temp. 35°C
8. Generatorgcontiol panel 1
2. [ BAGK-UP CIRCUIT BREAKER
AND MAKING SWITCH
1, Back-up circuit breaker 1 Vacuum circuit breaker
3 Phases, 15kV, B0kA
2. Making switch 1 Air-blast circuit breaker
- 3 Phases, 15kV, 200kA (peak)
3. | CURRENT LIMITTING
REACTOR
1. Reactor 1 set [ 0.01-0,02-0.04~0.08-0.16-
0.32-0.64~1,28~2.56-5.12Q
(Total 10.23Q /phase) :
'| ¢e+ Three of each type
2. Discpnnecting switch 45 | Single phase, 15kV, 40kA
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APPARATUS

NO. QrTy | RATING REMARK

3. Steel structure, copper |1 set

- bars and supporting
insulator etc.
‘4. | DISCONNECTING SWITGHES
FOR CONNEGCTION CHANGE
1. For main circuit 6 Qingie'phaéé;:ISRV,fAORA'
: ' Manual operation type

2. For primary side of 10 ditto
short circuit
transformer

3. For high ‘current 16 " ditto
testing room

4.'Fortdirect'testing room 3 ditto

5. For pollution testing 3 ditto
room ' '

6. For secondary side of 16 | single phase, 45kV, 40kA
short circuit Manual operation type
transformer

7. For synthetic testing 12 ditto
room :

5. | TESTING TRANSFORMER

‘1. Bhort circuit 3 | Single phase, 15kV/10-15kv,

transformer 50MVA, %Z=2%, , o
‘short civeuit capacity 700MVA
2. Low voltage high 3 | Single phase, }SRV/250—SOOV;
current transformer IMVA, Zz=4% :
6. | MISCELLANEOQUS EQUIPMENTS
1. Surge absorber 3 | Surge arrester : 18.6kvV :
Capacitor 22kV-0.,15yF

2. Potential transformer 6 ESinglefphéSQ; 22RV/110V—200VA

3. Potential device 3 | single phase, 66kV/110V~200VA

4. Surge arrester '3 | single phase, 18.6kV

5. ‘Single

Surge arrester

phase, 42kV
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NO. APPARATUS Qi1 © RATING REMARK
6. High current making I Tﬁfée'phasés, 460V,
switch -1 100kA (220kA, peak)
7.. COMPRESSED AIR SUPPLY
PLANT '
1. antrol panel i
2. Pressure reduclng valve 1 | Pressure reduction from
group ' 30 kg/cm2 to 15 kg/cm
3. ‘Air compressor 2 | 400/230v, SOHz, 22kW
4, Air recelver 3 | 1000 lit. air tank
8. | DC_SUPPLY SYSTEM
1. Battery and battery 1 set [ DC 110V-i, J000AH
charger Charger output DC 250A
2, Batktery and battery 1 set | DC 110V—IOQAH_' 7
.charger ' Charger output DC 75A
9, | STATION POWER SUPPLY
SYSTEM
1. Station transformer 2 | 3 Phases, 11kV/400-230V
: 50Hz, 200kva
2. AG Distribution panel 2
3, DC Distribution panel 2
10. | TESTING CONTROL PANEL
1. Digital sequence panel 1 Solid state type, 24 channels
‘Time step: '
10 channels ... 0 1 cycles
14 channels ...:0 25 cycles
‘Max. time 999.99 cycles
2. Shqft circuit test 1
control panel
3. Test circuit diagram 1
- indication panel
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NO. APPARATUS - Q| RATING - REMARK
11, SYNTHETIC TbSTING
' FACILITY
11.1] MATN CONDENCER BANK b
1. Main coundenser bank 1 set ;400kV/3375ﬂF (300KJ)
Co :Composition ; 4 stages.of -
rlOOkV—lSuF condenser blocks
2. Inéuléting.sffﬁctﬁre 1 set | Neutral point insulatlon
\ level : BIL 400kY
Max. applied voltage: DC AOORV
3. Charging resistor 2 | Insulation DC 250kV
Testing voltage DC 250kV
106 k& :
4 Discdnnectiﬁg switch 2 | Testing voltage bC ZSORV(O.SA)
for charging Insulation 1 set. .. BIL 650kV
1 set .. BIL 400kV
5. Earthing device 2 | Insulation BIL 650KV
Testing voltage DC 250kV
Capacity: Discharging of
150KJ through series
:Tesistors.
6. Resistor voltage divided L | DC 250kV, 250 MO
for measuring of
charging voltage _
7. Charging device 1 | Input. AC 230V
‘Output DG * 250kV’ (Max.)
Polarity exchange method
‘Charging of 12.50F x 2 o
‘up to + 200kV within 2 min.
8. Current zero ﬁbint 1 | Pulse output raﬁgef.lkA?éﬂkA_
detective device { Pulse output: 0-1 ms{variable)
‘before current zerc point
9. Gap starting device . 1 | For triggering‘gép
IO.ITriggefing gap 2 High §51t; sidé (Iﬁsﬁiatibn
BIL 650kV) and Low volt.
‘side (Triggering gap)
«ss.each 1
11.;N3uﬂral'disconnecfing': 1 | Test voltage: DC 250kV
switch with series resistor {50 MQ)
12. Synthetie test control 1
panel
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|NoL | APPARATOS BN RATING REMARK
‘13, ‘Auxiliary power 1
distribution panel.
11,4 TRANSIENT RECOVERY
' VOLTAGE CIRCUIT FACILITY .
‘1. Condenser bank = - |1 set | Max. vol;agei © 600KV
: : B Capacity: 0.473VUF (85.2KJ)
Composition; 6 stages of
100kV~-2,84KJ condenser -
blocks
2, Ihsulafing structure 1 set | Insulation - BIL 650kV
3. Transient recovery - each | Non-inductive resistance
voltage adjusting : 20 _ :
 resistor . 5~10-20-50~100 9--0.5-1-10 kg
‘_4;'In§ulating'strd¢ture 1 set | Insulation °  BIL 650kV
5. Time delay adjusting | each |DC 100kV = 0,05)F
condenser ' . 10 { bC 100kV —= 0, 1HF
6. Timé:delay'adjusting | each{0.58, 18
resistor A _ ‘ '_ 10
7. Inéulatiﬁg structure  { | set | Insulation BIL 650kV
8. Current source side I set | Test voltage ~ AC 15kV
© tondenser ‘Two 4PF condensers series
9._qurenc-30hrée side - © {1 set [ AC 30kV
resistor = o 10 Q(2x5 Q)

11.3 CURRENT LIMITTING _ Insulation level  BIL 650kV
REACTOR : - 5008z, Total 322 mH
1,'Réaétors ' ' |1 set 6kA ... Total 22mH
2. Reactors I set | 3kA ... Total 100mH
3. Reactors 1 set | 1.5kA ... Total 200mH
4. Insulating structure 7 sets.Insulation level - BIL 650kV

11.4 MULTI-LOOP ARC FACILITY
-1, Gondenser ‘ 1 set ‘Max. test voltage: DC 75kV

| Rating: DC 60kV
Capacity:  12uF x 2 sets
30 KJ )
2. Insulating structure 2 setq Insulation DC 60kV ‘+ AC 30kV.
,___J
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NO. APPARATUS | qury ' RATING REMARK
3. Chérging'device 1 Zinpﬁf,, AC 230V
' Output DE t 60KV
Charging of 24UF x 2'
up to '+ 50kV within 2 min,
4. Disconnecting switch 2 | DC 60kV
for charging = : S
5.”Ghargiﬁg fgSiétort 2 DC_GOkV
6. Resistor voltage 2 | DC 60kV, 60 MQ
divider for measuring ' '
of charging voltage
7. Discharging resistor 2 { DC 60kV, 15§
8. Discharging.reactor 2 | DC 60KV, ZOOQH (22 mmz]
9. Current zero point 2 | Pulse output range: .
detective device o 1 kd - 40 kA
: S Pulse output: 10018 before
‘current zero point
10. Triggering gap 2 DG 60kV + AC 30KV
' Vacuum type trigger gap
11, Earthing device 2 | DG 60KV + AC 30kV"
| Capacity: Discharging of
DC 60kV, 22kJ through
series resistor
12, Gap starting device 2 | For triggering gap
with pulse selection and
camplification functions
11.9 SHORT LINE FAULT R
- | CIRCUIT FACILITY ( T-circuit : z2=450 Q)
1. Reactor -1 set .Insulétion level  BIL 650kV
' 5000z -~ 4kA ~ 4500
Max., 14.4 mH '
2. Condencer l‘sét cAC 35kvV '
: Test voltage AC 42kV
(750PF x 2), (1500PF x 2)
..+ each 32,
3. Parallel resistor 1 set | AC 40 kV
4. Disconnecting switch : I | For line short-circuit
"AC 40kV
5. Sphere gap 1 For'liﬁe-prdfegtion, ¢150 mm
| 6. Iﬁsulating éﬁruéthre ' {i“setw Insulation level  -BiL 650KV
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NO. APPARATUS Q'TY RATING REMARK
{ 11.6 AUXILIARY CIRCUIT. N o
:| BREAKER . 5 1. | SFg Gas circuit breaker
' 168kV, 40kA
12, | POWER FACTOR ADJUSTING
‘GRID RESISTOR . .
1. For high voltage side 3 {Insulation _36RV
o : ' 3 stages of 13.2 mQ, 25k4,
0.2 sec rating grid resistors
2. For low voltage side 3 | Insulation 15kV
4 gtages of 25 mi2, SkA,
O.2sec rating grid resistors
13, | AUXILIARY FACILITIES
FOR MEASURING
l;'Voiage di#tir _ : 6 'Universélfffpe (RCR”type)
(Short circuit test) - 40kV, 1/1000, 1/4000 * 5%,
0 = 100 kHz + 5% (vs 1 kHz)
2, Voltage divider 2 | Universal type (RCR type)
{Synthetic test) 250KV, 1/5000, '1/10000 % 5%,
' . 0 - 1 MHz * 5% (vs 1 kHz)
3. 100kA Shunt 3 | single phase, 500Hz,
{Short time current _100kA/5v, 0.2 gec.
test) '
4. 30kA éhunt‘ _ "3 Singie phase; 500Hz,
(Short circuit test) 30kA/5V, 0.6 sec.
5. SkA Shunt 3 Single phase, 500Hz
(Short circuit test) 5%x4/5V, 0.2 sec. .
6. 10A" Shunt _ 3 | Single phase, 500Hz
(for small current core type, lOA/5V,
measuring) continuous '
7. 100A Shunt 3 | Single phase, 500Hz
(for small current _core type, 100A/5V,
neasuring) ' : continuous
8. Cutrent  transfomrer 3 Siﬁgle phase, 50Hz
(S8hort circuit test, - | 36kV, 5kA/5A, 15VA,
‘internal arc test) 1 10 P10, 50kA (1 sec)
' Trausient response
(Time constant: 0.1 sec)
9. Current transformer 3_ Single phase, 50Hz
= (for small curremnt 24KV, 50A/5A, 15VA -
measuring) Class 1.0, 3.5kA (1 sec)




NO. APPARATUS Q' TY RATING REMARK
ID.SOkA'Shunt I | Coaxial f&pe . :
' : 50kA/5V5_0;6 sec.
11.Current transformer ' 1 :PEASQNrcurrenf monitor
for high frequency "~ | transformer _ ‘
current measuring “1000A/71V
. (For power source
current)
14. | MEASURING INSTRUMENTS
1. Oscillographs 2 | 18 channels
Paper speed Max. 400 cm/sec.
2. Dual beam escilloscape I | DC - 100 MHz
3. Digital memory with 4 | 10 Bit, 4K words.
display '
b Oscilloécope 1 | DC = 100 MHz
5. High speed motion 1
picture camera
6. TV monitoring syétem 1
7. Measuring table 2
8. Cabinet 1
9. DC power source for 2 {0 -~ 100V variable, 1A
oscilloscope calibratiorn -
10.Calibration meter 2 |3, 10, 30, 100, 300V
: Exchange, Class 0.5
1l.Adjusting resistor 2 1010 ~99.999 k@

(For oscillo) (0.1-1-10-100 §2-1-10 k&
-18 channels, each 9 steps
notches

l2.Instant camera 4
{(For Digital memory
and oscilloscope)
13.Triggering pulse device 1 Triggering (voltage pulse,

{For phenomenon contact signal)

synchronizing) Qutput voltage 10V
Pulse width 1l ms.

14.Contact resistance 1 | DC 160A, O - 10 m @
measuring device
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1 no, APPARATUS Q'Ty | RATING - REMARK
15.Digital volt meter: 2 =ﬁe_curacy class  0.2%
{(Fox transformer ' 0 - 200V =
. impedance measuring)’ T
16. Powér'supﬁly'device- 8 fAutomatic voltage adjusting5
“for measuring ' - -0 = 130V, o
instruments Insulation transformer 20A :
17 Surge'protection : 2 sets;Surge absorbing device
device for each channel
(Yor oscillograph)
15, | DATA ANALYZING
FACILI'_FY
1. High voltage withstand- 16 |1 channel ¥ 100
© ing DC amplifier. (for low and mlddle frequency’
2. A/D Cdnverﬁef"' 2 | 2 channels.x 2
(for high frequency . -
phenomenon)
3, Data analyzing computer | 1
4, Printer 1
5. Plotter 1
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(2) High.Voltage Test Facility

Th1q hlgh voltage test fac111ty enables the AC voltage w1thstand test

the llghtnlng impulse voltage test, the art1f1c1a1 pollutlon test of "

500 kV insulator strlngs and the dielectric strength test of. varlous_

equlpments under the IEC Standa1ds.

The ratings of equipments to be tested and the test items are pre-

sented in the table below.

‘"Test Items

Power System
Compouent

Rating

Lightning impulse voltage test

AC withstand voltage test

Artificial pollutiom test
(500kV suspension string)

Dielectric characteristic test

(Dielectric loss tangent
test,
etc.)

Induced voltage test

Particl discharge test

Insulator strings
Circuit breaker
Transformer .
Disconnecting switch
ete. :

ditto

2804 standard insulaton
320¢ fog insulators

Transformer

AC generator

Transformer

Standard. lightning
impulse voltage: upto
900kV: (BIL 170)
(Transformer

upto 220KV, 250 MVA)

AC withstand voltage:
upto 395 kV
{(effective value)-

: BIL 170

Model pollutlon degree:
0.3 mg/cm?
Fog withstand method

Upto 220kV, 75 MVA
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O, APPARATUS“-' Q'TY " RATING REMARK
}._ POWER FREQUENCY .
' 'WITHSTAND TEST FACILITY
'1. Testing transformer 1 Sihgle'phase,‘Sﬂﬂé,_
1 3,3-6.6kV/500kV,
2MVA (30 min. Rating) -
Short.circuit capacity 20MVA
2. Compensating reactor 1 | Single phase, 3.3kV
50Hz os. 160 ~ 400kVA
- S {30 min. Rating)
200Hz .. 40 — 40OKVA
(30 min. Rating)
1 3. Current limiting 1 | single phase, 3.3kV, 1 @
. reactor. . _ : B : :
4, Voltégé:réguiator I | Single phésé, 0 ~ 3.3 kv
2. | IMPULSE TESTING FACILITY
1. Impulse generator - ! | Max. charging voltage LBOOkV,
' : ' : 180KJ
2. DC charging device 1
3. Autematic control i
console
4. Voltage divider i Universél type
(RCR type)
5. Standard sphere gap CoE o .
For high voltage 1 | Manual adjusting type,
' - 1000 mm for 1800kV 1IG
For low voltage 1 | Manual dd]ustlng type,
s 250mm
6. Couﬁling cépaéitor ' 1
3. | INDUCED TESTING FACILITY
1, Step-up transformer 1 Single phase, ZOOHz, IOOOkVA
: o (5 min) :
3. 3kV/18 75-37.5—75—150kv
2. High freuduency 1 Single'bhaée; 2001z
. generator ' 3.3kv, 1000kVA
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NO. APPARATUS Q'Y RATING . - 7| REMARK | |
3. Driviﬁg motor 1 Thfeérbhaéé;JSOHz
PR T | 400V, 600kW
4. | ARTIFICIAL RAIN FAGILITY
1. Nezzle éﬂd piping "1 get | IEC-60, Europian plain'nOZZIQ
2. Struéﬁure‘ 11 set
3. Pump motor - 1 | 37kw, Lift 200m
4. Feed motor tank 1 |20 m3
5. Control board 1
5. | ARTIFICIAL FOG
GENERATION FACILITY
l. Boiler i Evgporation_quantity
' Max., 1200 kg/H )
2. Fuel tank 1
3. Feed water tank
4, Nozzle and piping 1 set | Nozzle numbers 4b pcs
6. [ WALL BUSHING . 1 { 500kv
7. | PARTIAL DISCHARGE -
MEASURING DEVICE. 1
8. | DATA ANALYZING FACILITY
1. Digital memory with 1
display
‘2. Data analyzing cohpufor‘ i
3. Printer 1
4, Plotter 1
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