14.5.4 Outdoor'Cubic!es .

a. Crrcurt and Equment .

The fottowmg 20 kV and 6. 6kV swrtchgear equment shatt be supplied
and mstalted in the substation.

o

| l('ii)_

» <,i_">f \

o Ground voltage transformers and Relays

20 kV transmlssmn hne crrcurt compnsmg, S

- Three phase bus
- Disconnecting switch for line oo ¢

- Drsconnectmg swrtch for !rghtmng arresters ?

- Lrghtnlng arresters N

- Cable heads

- Space for MOF(Metermg Out Fnt)wrll be supplled from PLN

' 20 kv swatchgear and the secondary crrcurt of the main -
*transformer, compnsmg, S ‘

7~ Three phase bus

s Clrcu:t breaker wrth draw out type

- Current transformers and Retays o

Cabte heads

‘ 6 6 kv transformer pnmary curcwt comprlsmg, L

EREN— Three phase bus :

- Drsconnectlng swrtch for transformer |
f,— Current transformers and Refays

-:'—~ Ground voltage transformers and Retays

o : E_.— Cable heads o

b Enclosure P

i (i) _

,"Type IR e el T

. The outdoor cublcles shatl be of seff supportrng. outdoor_

R lnstallatron metal enctosed cublcte of robust constructlon '
o |

- .The enctosure shall be. prowded w:th access doors to facmtale

Constructlon Requnrement

o inspections of the equipment. The position |nd|cat|ng lamps and =

B inspection windows for the circuit breaker shall be provided on the . S

front doors. The door shatl be prov;ded wrth surtab!e handtes with

- Iocks
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Giy

The enclosure shall be provided with suitable cable terminal

- compartments for the cross- lmked polyethylene (XLPE) insulated

power cables.

The secondary circuits of mstrument transformers shall be brought
out to the terminal blocks for the connection of control cables to

- the measuring instruments and refays on the control board.

A copper ground busbar shall be provided in the cubicle. Clamp

type grounding terminals shall be provided for connecting the

ground busbar to the lead wire from the station grounding system.
Space heaters for 220 volt AC shall be provided inside the
cubicles to prevent moisture condensation. A manual switch to
control the heaters shall be provided in the cubicle.

Accessones B ' s

The followmg |tems shall be prowded for the enclosures

- '— Name ptates for the P!ant to be housed '4 _

L Channel bases

- Foundatton bolts and nuts B
- Groundrng pads B '
Ltghtmg fttlngs 5":'

L Other necessary accessones

(i)

Test . i Lo :
The followmg tests shali be carned out at the ‘manufaclurer’

- Workshop before shlpment

' ;__5 - Appearance check S f' S
- Power frequency voltage test

- lmpulse VOltage test

- Temperature nse test -

C. Busbars and Connectlon

"~ - The busbars and electrlcal connectrons shall be of copper or
- aluminium alloy and shalt be sufﬂcrently msulated from ground and
URY from each other et e a :

ot The busbars will be rated adequately in accordance wrth the SR

'Type

Ratmgs _

requrrements of the system ,

d CerUIt Breaker

(l)

= The circuit breaker shall be vacuum cucun breaker of three pole
- single throw type, cornptete with necessary controls and wmng :

o and any other accessories needed for operatlon



O

"> The circuit breaker will be rated adequately in accordance wrth the

o T

e

R The fotlowrng |tems shall be provrded for the crrcurt breaker

W)

Ratings

reqwrements of the system

Operatron Mechanrsm

~The circuit breakers shall be provrded wrth operatmg mechanism
. capable of remote and local etectr:cal control and also local
- manual operatron SRR ;

Accessorres

Ll Ratmg plate

- Posmon mdrcatrng Iamps red and green N

- Necessary termrnal connectrons

- - Local control box with pushbuttons of ON" and "OFF

- Manual charglng handle

— Malntenance tools

© Tesling

The followrng test parts shall be furnrshed and quoted

- Appearance check

- Powerfrequency voltage test on the marn crrcurt S R %

- Voltage w;thstand tests on controt and auxrlrary crrcurts
- Measurement of the resrstance of the marn crrcurt
- Mechamcal operatrng test . | o

- Measurement of makrng and breakrng tlme )

e. Current Transformer '

@i
o V‘The current transformer erI be rated adequately in accordance

(i) -

Type G e e T
The current transformer shatl be of smgle phase epoxy mould

: type

Ratrngs S |

with the reqwrements of the system

'_The followrng rtems shatl be provrded for the current transformers ': L &

- Ratmg plates

- Necessary termrnal connectron

= Other necessary accessorres



B £

{iv)  Spare Parls ;
- The following spare parts shall be furnrshed and quoted

— one (1) current transformer of each ratlng

(v) Tests
- The followrng tests shall be carned out at the manufaclurer's
workshop before shipment: ‘

. Appearance check -
- Measurement of current ratio
- Check of relative polantres

- Power-frequency voltage test on prrmary winding

Groundlng Voltage Transformer
M Twee o '

' The groundrng voltage transformer shall be vo[tage transformer of
three- phase, epoxy mould type with one residual voltage winding
and shatt be draw—out type :

0 Ratrngs ‘ |

‘The grounding voltage transformer will be rated adequately in
accordance wrth the reqwrements of the system o

g (iit) Accessorres L

‘The fo!lowmg |tems shall be prowded wrth necessary accessones

(iv) : Spare Parts

- The foltowmg spare parts shatt be furnrshed and quoted

: oo 500% ofactual use offuses

) Tests -

- The followmg tests shall be carrred out at the manufacturers _
) workshop before shrpment '

B L Appearance check 7
- Measurement of current ratlo o

: - Check ot retatrve polarrtles -

g Three Pote Dlsconnectrng SWltCh

"f(n_. Type

The drsconnectlng swrtch shatl be of outdoor use, pole mounted,
: . three pale, single throw, manual gang operated type wh:ch can be
R operated at the front of cubrctes . e

(n) o Ratrngs ) : R - :
~The grounding vottage transformer wrll be rated adequately in
accordance wrth the requaréments of the system., _
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(i)

- The * following items shall be provided for the outdoor

Accessories

dlsconnectrng swrtch

- Ratlng plate

_— Manual operating mechamsm with operatrng handte assembly

with padlock and keys - i

- Requrred malenals for rnstallrng the drsconnectrng switch

- Necessarytermrnal connectron .

- Groundrng terminals

R Other necessary accessories . -

)

Tests

~ The following tests shall be _carrred out at the manufacturers
: workshop before shrpment

- Appearance check

: _' - PoWer frequency vo!tage dry test

o= Mechamcal operatmg tests -

h Lrghtnrng Arresters

@M
iy

o (i_v)

'_ - Other necessary accessorres '

: i The Irghtnrng arresters shall be of outdoor use, pole mounted

expfosmn proof gaptess type

- Ratings -

- The trghtmng arresters erI be rated adequately in accordance with |

the reqwrements of the system.

Accessories - ‘
_The followmg :tems shall be provrded for the Irghtnrng arresters

Ratrng plates _ S SRS
i Requrred materrals for mstatlrng the Irghtnlng arresters
o Necessarytermmal connectton D '

- Groundlng termrnals o

Tests e

":The fOHOWmQ tests shall be carrred out at the manufacturers
' workshop before shrpment Tt _

- Appearance check

' "'— Power frequency startlng vo!tage test

PR Measurement of !eakage current
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14.5.5 Indoor Cubicles

.— Power frequency v‘olta_ge dry test

.- Pressure relief device test

TS

a. Gircuit and Equipment

Indoor metal enclosed cubicles for the Jatibarang power station shall be

supplied and installed for the generator circuit, 150 kVA station service

transformer, the DC supply equrpment and the excitation system,
~ comprising: —_— . e

()

For generator crrcurt
- Three phase bus

- Crrcwt breakers wrth draw out type

- Dlsconnectmg swrtch L _
- Current transformers for protectnre relaymg and measurrng
_' -~ Voltage transformer for protectlve relayrng and measurrng

‘ ;._‘— Surge absorbers DA

| ﬁ Cabte heads

o

For the statlon servrr:e transfor'rner

v= Three phase four wire bus

- Current transformers for measurmg

' =y Vo!tage transformer for measurmg

al Moulded case crrcurt breakers for AC crrcurt :

i)

- Requrred sels of motor starter unrts of the control of all motors

assocrated wrth the turbmelgenerator unrt '
For the DC suppty equrpment = N e |
- One-set of 110V DC bus e

= Space for the buttery charger (see 14. 5 6)

- Erght (8) set of moutded case crrcurt breakers for DC crrcurt .

W

For the Exortatron system :

—- Space for excrtatron transformer

L Vo[tage transformer for AVR (Automatrc Voltage Regutator)

Indoor metal enclosed cubicles for the Krapyak substation shall be

- supplied and rnstalled for the 20 kV transmlssron Irne equrpment o
-.:'comprrsmg : o SRR . .
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b. Enclosure

i

- The cubicles shalt be of self supportrng. mdoor rnstallatlon metal

20 kV transmission line circuit, comprising , -

— Three phase bus

Disconnecting swrtch for line [

!

Disconnecting swrtch for Irghtmng arresters

!

Ltghtnlng arresters o

Cauereads":’

.

Circuit breaker with draw out type

!

Currenttransformers and Relays o

Ground vollage transformers and Relays '

Type '

enclosed cubrcle type of robust constructron o

Conslructlon Requtrement R

The enclosure shall be provrded wrth access doors to facmtate

inspections of the equipment. The operation position of the

~ breakers shall be indicated on the front doors. The door shall be -
- provided with suitable handles with locks

- The enclosure shall be prowded with su1table cable termrnalﬂ .
compartments for the cross Ilnked polyethylene (XLPE) rnsutated S
. power cables. ' o

A copper ground busbar shall be prowded in the enclosure Clamp

type grounding terminals shall be provided for connecling the

ground busbar to the lead wire from the stalion grounding system
Space heaters for 220 voit or 380 volt AC shall be provided inside

- the enclosure to prevent moisture condensation. A manual swntch .
. lo controt the heaters shall be provrded in the enclosure '

'(m)_

Accessorres oo

Accessones for the enclosures shall be as specrt" ed o

c. Busbars and Connectron '

(i)

~Type SR : SRR s
The busbars and electncal connectrons shall be of copper or

aluminium alloy and shall be sufﬁcrentty rnsulated from ground and

o from each other.

.___(ii)

Ratrngs '

o requrremenls ofthe system .

1460
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d. Crrcurt Breaker

()

iy

(iv)

i (v) -

| Type
_ The circuit breaker shall be vacuum circuit breaker of three poles,

single throw type, complete wilh necessary conlrols and wiring
and any other accessones needed for operatlon '

lRatlngs '

The circuit breaker wrll be rated adequately in accordance with the
reqwrements of the system L _

Operating Mechanlsm
The circuit breakers shall be prowded wrth operating mechanism

- capable of remote control and also manual operation.

Accessones

.. The followrng items shall be prov:ded for the CII’CUIt breaker
- Rating plate oo

.~ Position in_d‘ieattng_lampsﬁ red_anc_l _gr_een_ ;

- Auxiliary SWitcnes_ | |

- Trrp rndrcator .7

Testlng -
-The followrng test parts shall be furmshed and quoted

- Appearance check R
. Power frequency voltage test on the maln circuit
= Voitage wrthstand tests on control and auxrlrary circuits
7’ .— Measurement of the remstance of the main crrcurt
' Q Mechamcal operatrng test ”

_n Measurement of makmg and breakmg trrne

e Current Transformer

0

'f:“;um

" Type. :
g The current transformers shall be of srngle phase epoxy moutd

o

Ratrngs ‘ . : -
The current transformer shall be of the approxlmate ratlng for the '

" circuit.

- Accessorres : : .
_Accessones for the current transformer sha!l be as follows

- Ratlng plates

s Necessarytermmal connectrons '

e



(iv)

Spare Parts { :
- The current transformers spare parts shali be as follows

: :'- 500% ofactual use offuses SRR

( Tests -3' '

The current transformer shall be subjected to the test as follows
— Appearance check . ' 4

—~ Measurement of voltage ratto _'

'.w Check of relatrve polantres S

f Voltage Transformer

W

- (i)

Type

~The VOltage' transformer shall be of smgte phase epoxy mould

type. .

_ Rating

~ The voltage transformers shall be of the appropnate ratmg for the
'-crrcurt ' e T '

(i) -

Accessorles

: The followrng items shall be provrded for the voltage transformer

: — Ratmg plates

- Necessary termrnal connecttons N IR

; g Groundlng Voltage Transformer . o .'

Type . S . ,
The grounding voltage transformer shall be of three- phase epoxy -

.+ mould type with one residual voltage wrndlng and shall be draw- =

 outtype.

(i)

- (iiij o

e Accessones for the groundmg voltage transformer shell rnclude

Ratings .

' lf__The groundlng voltage transforrner shall have the approprrate :

ratlng for the cucurt

Accessones o

the followmg rtems o

B ‘—, Name Plates\ _:' - ': .' '

= Foundatron bolts and nuts : S

= Groundlng pads | _'

,.~ Other Necessary accessorres P

e
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i

(iv)

Spare Parts

- Spare parts for the groundmg voltage tmnsformer shall be follows:
" 500% of actual use of fuses. ' o

o

Tests
The groundrng voltage transformer shall be subjected to the

- followmg tests:

e Appearance check

- Measurement of voltage ratro

— Check of relative polantles

) h Moulded Case Crrcurt Breakers

NG _ o .
_The moulded case crrcurt breakers shall be manual operated
R xed lype of suitable type for combination with the motor starter -
“* where required. Eadch moulded case circuit breaker shall be

Type 25 B

provided with thermal time delay overcurrent tripping mechanism.

The rated frame currents and rated trrp currents shall be
determined by “the Conlractor to suit the - cifcuit foad ‘and
overcurrent protectron and shall be subjected to the Engineer's
approval : S :

Accessorres . e
* The foIlowmg rtems shaII be provrded for the moulded case C|rcu1t

o : breakers :
' -.— Rattng plates .

L Manual trrp button -

Spare Parts

_The follovwng spare parts shall be furnrshed and quoted

_ : -~ One (1) moulded case crrcurt breaker of each ratrng

14. 5.6 150 kVA Statron Servrce Transformer = o

o a Type and Rat(o o

_The transformer shall be of three phase dry type self cooled bu|lt in
: cubrcle type. o

b. Rated Outputand Voltage L o L

‘ ; ~iThe ¢dnlinuous rated output of the transformer shall be 150 kVA on any |
i of the taps Rated Voltage shall be 6 6 k\/ to 380 220 V of three phase
- four-wire system ST . .

c'.u.','lmpedance Voltage E o

SR : Impedance voltage at the rated output shall be about 3 5 percent on all
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d. Bushings

The bushings for 6.6 V side and 380 ~ 220 V side shall be of smgle
piece porcelain type. All bushing shall be brown or white glazed.

e. Tap Changer

. The off circuit tap changer shall be provrded on 6 6 kV srde (generator
bus srde) with taps at 6.9 ~ 6.6 — and 6.3 kV. The tap changer shall be

“capable of operating under off circuit condition from the outside of
transformer. Tap position must be clearly indicated and means of locking
shall be provided. All taps shall be rated for full output

1, Battery Charger

) Type and Requrrement B : _
~The battery charger shatl be of the type desrgn for contlnuous use,

The battery charger shall be housed in the metal enclosure -

| . cubicle described in Sub Clause 14.5.5. a. (m)

: The battery charger shall be’ provrded wrth a toad voltage
o compensaling devrce to I|m|t the mammum De output vottage as
g requrred T : Sl :

14 5.7 Mou!ded Case Ctrcurt Breakers for DC . -

e a. Type and Requrrement

_ The moulded case crrcurt breakers (MCCB) shall be two pole for DC -
- circuit, manual operated, fixed type wilh time delay overcutrent tripping
~ . and .magnetic instantaneous short circuit current tripping mechanism.

" The MCCB shall be mount_ed in the metal enclosure cubrcle descnbed in '

| Sub-Clause 14.5. 5 a.(iii)

b. 'Ratlngs _

dThe circuit breakers shall be adequately rated The rated trip current be
determined by the Contractor to suite the over current protection and
. shall be subject of the Engineer's approval. The rated short circuit

~ breaking for DC circuits shall also be delermined by the Contractor on '

the basns of short crrcult fault current on the DC crrcwts

¢. Accessories

:.\ :

" Accessories for each moulded case crrcurt breaker shatl be as specrfred

14 5.8 Storage Batterres S

a. Type and Ratlng _ - ; _
The storage batterres shall be provrded to supply 110 vo!t DC power

- battery shall be Nickel Cadmium, enclosed lype, 150 ampere hour at 5 =

“hours discharge rate suitable for the generatlng Ptant control and for the : '

- emergency fightning ofthe powerhouse S : : R
' The storage batterres shall be housed in a self supportmg, metal

~ enclosure  having front doors with handles ‘and  locks “and shall be

installed in the power statlon adjacent to the battery charger

EERTEIREE

R

- co-ordinating with the. battery charger as specified in Clause 14.5.6. The o



b, Construction _ . .
" The batteries shall be'_ef heavy-duty, long life construction.

c. Accessories
The fol!owmg items shall be supp!red as accessorres

(i) Suff cient quantity materrals for the fi rst ﬁlirng up and operallon of
o the baltenes '

(i) One set of rnslrumenls mcludmg voltmeter hydrometers and
thermometer

'(r’ii_) Ratrng plate A
‘_(jv) : Ground:ng pad

PR, (v) Other necessary accessorres
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:_CONTROL AND PROTECTION EQUIPMENT

General

The control measurrng protectlve relayrng, recordrng and data Iogglng

. _equrpment to be supplied and |nsta!fed in the control room of power station
B are as follows ' :

a. Contro] and relay board consrstrng of

NORE Marn contro! panel for all power statron Plant

Ly :Reiay for all power station Planl

'(iii) Unrt automahc control Plant . _ _
' (iv)_' : Automalrc synchromsmg equrpment and panel :
: (v) : Recordmg for temperalure of bearlngs and power output

- (vr) V'Dala Iogglng for power output waler Ievel and dlscharge

" The control and relay board shall be furnrshed wrlh lnstrument mdlcatrng

. meters, control switchéd, annunciators, test ‘blocks, wiring and other

- miscellaneous devices as required in the Specification. The conlrol and relay

" board shall include “all required auxiliary and accessory devices, such as

auxiliary current and voltage transformers, protectwe devices, fuses and :

- resrstors whether or not express!y specrﬁed - .

14_.6.2

Requwement for DeS|gn Sl

" The main control panel relay panel unlt automatrc control panel shall be S0

v " “drranged as to form a'line and to provrde the best convenience for operation :
~* andcontro! in"a limited contrél room space: The Contractor shall prepare

" arrangement and- detaited drawings, equipment lists wiring diagrams based

on the requirements. of .meters;. relays, control switched, indicating lamps
.. and other devices including those to be supplied under _othe_r paragraphs.
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14.6.3

RN The startlstop operatton shali be performed by the fotlowmg sequence B

It shall be the Contractor’s responSibt!ity to properly design the electrical
control, proteclive relaying, alarm and indication schemes related to all Plant

~in the power station including the turbine generator, transformers,
- switchgear and other electrical and mechanical equipment. - -

Control System "

The control system erI make provrsmn for headwater tevel momtonng wrth
automaltic adjustment of flow by wicket gate posltlon in order to optimise

: avallable stream flow at all times. -

a. StarUstop Controt o
The ordlnary star/stop operatlon of the generatlng unrt turbine,

: generator and synchronising circuit breaker shall -be performed on the |

main control panel under automatic sequence control which shall be

initiated by a master sw:tch (Not) two posrtlons of "S1ART" and

"STOP”.

_ : .The auxrlrary Ptant related to the generatmg unlt shatl be automatlcally' |
operated in the automat[c controt sequence.

(i) Startmg sequence _ |
' — Establlshlng of startrng condrtlon
- Openmg oflntet valve S
— Startmg of turblne
- Brrng the unlt to synchronous speed
e Apphcat:on of generator f e!d excrtatlon _ “
- Synchronrsmg ofgenerator tothe power system o

- Taklng on Ioad

oy Normal Stopplng Sequence

- ';_ ~ Decreasmg of the Ioad mtermlttently to nearty zero ‘:' |

“ — Open the synchronous clrcun breaker _' |

| '_7-- Open the ﬁeld crrcurt breaker IR
7"77— Ctosmg oflntet vatve R

- Stopplng of the unit to standstltl

The control system of the generatlng Plant shall atso be desrgned to '

permtt manuat stanlng and stopplng of step by step operatlon

s Setectron of “Automatrc or “Manual” control mode shall be made on the B
" governor panel by a setector swrtch (No 43A) ftwo- posrtrons of "AUTO” S

~and "MANUAL“ O

" The control system shall be such that itis possrble to change over from' R
“A_u_tomatlc_ control to “Manua_l control or vice versa while the ur_nt is
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e

runmng, standing, in process of starting or in process of stoppmg wrlhout
the operaling status.

- b. Voltage Control

The voltage oonlrol shall be performed on lhe main control panel by a
control switch (No.7-90) with the two positions or *“RAISE” and “LOWER"
for common use to the automallc voltage regulator (AVR) and manual
voltage regulator.

Selection of control mode for the voltage control shal! be made on the
~ excilation control panel by a selector swrtch wrth two posmons of "AVR"
and ‘MANUAL™. _

c. Speed and Load Conlrol

The speed and load contro} shall be performed on the main control panel
" by a conlrol switch (No.7- 65) with two positions of the “RAISE™ and
“t OWER" for common use to the speed setter and load sefter. The load
limited control shall-also be performed on the main control panel by a
control switch Wllh two posmons of RAISE” and "LOWER S

d. Synchronlsmg Control o

14.6.4

‘ The ¢ircuit breaker for the generatlon crrcunt shall be used as
_ synchromsmg breaker. The synchronising control shall be available on
. the main control panel by a selector switch with three positions of

"AUTO", “OFF" and “MANUAL". The synchromsmg system shall be such
- that the automatic synchronising can be applicable whether the L

: generatung umt is operaled under Automatro or “Manual conlrol mode

| e Swrtchgear Conlrol

ON/OFF swrtchmg operatlon for’ the 20 kV and low voltage cm:wt
“breakers- shall be performed remotely from the main control panel.
Interlocks as required shall be provrded on lhe conlrol system to prevent
maloperallon of swnchgear '

Protechon and Alarm -

Protective relays shall be used for protectlon and alarm of the generating _.

Plant, 20 kV swilchgear, and station-service supply system. The Contractor

o shall ensure that the proteclion and alarm schemes are in every respect
. surtable for the Plant The prolectave relays shall be mounled on lhe panel

: V-The protecllon and alarm scheme shall be classWed Jnlo two groups as

_folloWs BURRTAL

| a Emergency Stop Protectlon e

: When serious eleclncal and mechanlcal faults take place in the running
* unit or in the power system, the unit shall be brought to emergency stop.
- Reselting of the lock-out condition of the unit shall be made manually by _

R _push button swﬂch to be mounted on the main conlrol panel

m Emergency Stopplng Sequence o

- The emergency stop protecllon may be performed by the followmg
'-_sequence Loy iy 1 L

: F Tnppmg of synchromsmg cwcml breaker



b b |

t

Operation of governor shutdown dewce ,
Decreasmg of load forcedly - ’
Tnpplng of fi etd crrcurt breaker o o
Closmg ofguade vanes - ' |
Closmg of inlet valve -

Sloppmg of umt to standstlll

The emergency stop sequence and lockout relaymg (Ne 86 -1, 86- 2 86-_
* 5) shall be provided on the relay panel or on the unlt automatrc control

(u)

_.__Protectron , :
. The emergency stop protectlon shall be_conducted by the

o followmg relays and abnormat condltlons

| l'-'(iil)- |

' Overvoltage relay on the generator crrcurt
Overcurrent relay on the generator crrcwt

_ Ground overvoltage relay on the maln transformer crrcu1t (20
_kV circuity L

Overcurrent relay on the marn transformer crrcwt (20 kV crrcurt)

Fxcnalron system heavy fault R

'Emergencymanualshutdownsvntch '. S %

Turbrne beanng ternperature hi h (2"‘j stage)
g

s Generator beanng temperature hrgh (2”" stage)

'Gurde vane servomotortrouble T R

Inlet valve servomotor trouble A

Overspeed relay L :

: Governor fault

’ Alarm

. - The followrng lrght troubles and abnormal condrtlons shall provnde
" the buzzer alarm and mdlcatlon on the fault annunc:iator '

Turblne bearrng temperature htgh |
Generator bearmg temperatUre hlgh S .. - o @
1urb|ne startrng trouble ' Rt T _

Shaﬂ sealing water no ﬂow e

__.—' Water supply system trouble R

Maln transformer 0|I temperature hagh

Ma|n transformer 01I Ievel low

”1_'4_-68"__ s



- Station service lransformer winding temperature, high

— Excitation system light lrouble .

- Slalion service supply circuit undervollage _

~ Moulded case cwcurt breaker, lrrpped L

- D.C. undervoltage relay for D. C 110V0lrcull
S ‘D C. ground detecting relay for D. C. 110V crrcurt

~ Battery charger lrouble B
- Reservorrwater Ievel hlgh and low

- Generated power low

14 6.5 Measurmg

Measunng mslrumenls shall be prowded on the main control panel and
synchromsmg panel to rndrcale followrng |tems :

S a. On Maln Conlrol Panel ._ T
X 7_(i) = Generatorterrnlnal vollage o
e (ii) | GeneratorkWoulpul S
(m) Generator kWh value B
s (lv) ASpeed md|ca_t_or | _ o
B _Wr(v) ‘Gurde vane opemng and Ioad lrmlted posmon
_ ,:(vi) | 20 kV llne vollage
(vlii) - '20 kV Ilne kW power :
(vl 20 lernekWhvalue R L
':- (rx) Statron serwce transformer secondary voltage _
(x) Statron servrce transformer secondary kWh value Lo
(xr) Reservorrwaterlevel - _' ' ‘_ IR
| b. On Synchronlsmg Panel
(|) " Generalor lermmal voltage |
(n) ;;."Mam transformer pnmary voltage
: _ _'(i:ii') ': Generator crrcurt frequency o L
o (w) Mam lransformer prrmary crrcurt frequency
'. (\j) Synchroscope - ' e
o "c-_. On Recordmg panel

- _“:(i) N Hydraulrc lurb'ne beanng temperature = o
o469
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i)y - Generator bearing temperature .
(i) ~ Generator KWhvalue . -": =

(rv) | Speed indicator

tndrcatton and Annunciatlon Items

- Group status indicators and group fauit annunciators’ shall be provided on

~ the main control panel Wording on each indicator may be abbreviated as

the case may be require and notation on each fault annunciators shall be in
devrce number or abbreviated wordrng in character. . _

‘ lndrcatlng lamp assemblres shall properly be prowded on the control panel
for position rndrcator of circuit breakers and dlsconnectung sw;tch

a. Group Status Indtcator

Group Status mdtcator shall be provrded for the followmg rtems

£ (i) B The generatmg umt is operated under manua! control

(i) The generatrng units at stand strll “STOP" -

14.6.7

- (iif) "_Alt generator stamng condstrons are establlshed = -
(iv) " The rntet valve is fully opened “lNLET VALVE"" - S
v) _The generatrng unlt is runnlng “RUNNING"

(i) The generator fi eld exmtatron is appl:ed EXCITATION"

| {vii) rhe generator is operated in parallel wrth the power system o

“PARALLEL |

Board Constructlon

~“The main control panet relay panel and umt automatlo control panel shall be

- structure. Outside panels shall not be dnlted or‘ Welded for attachlng wires,

arranged to form self supporting, dead front, vertical simplex type board

- construction. The board shall be totally énclosed, by sheet stéel panels not '_

less than 2.3 mm thick; with angle or channel edge bent to 7. mm radius,

seam-welded at corners, and ground smooth. Panels shall be bolted at the
" pottom to suitable steel channe! sills with necessary framing which will bold

the structure rigidly together to form a self- supporting dead front type of

resistors, or control board dewces

: Vertlcal edges of panels shall be so formed and bolted together that no gaps _ C
“exposed to view will pass a 0.8 mm feeler gauge. The srmplex type board -~ . -
shall be provided with access doors at rear Slde for. ready access fo the ao

' equrpment inside each panel.

The synchromsrng panel to tacrlrlate manual synchronrsmg shall be provrded_ SR .'
. on one side of the board at conVement locatlon _ B '

7' 14.6.8

Arrangement

The main control panel shall be so arranged by the Contractor and shall be‘_
: subject to the Englneers approval :



- The mimic diagram of generator, transformers, circuit breakers with

. illuminated pushbutton switches and disconnectrng switch with position
. indicaling lamps shall be provided on the main control panel to form single
" line diagram for maln circuit, which will simulate aclual electrical

connections.

The mimic buses and symbols shall be made of plastic strips secured to the
panet surface by concealed screws or other approved means. The mimic

diagram showing buses which shall be at least 10 mm wide and 2 mm thick,
- and symbots shall be colour coded for respectlve voltage '

14.6.9

Meters and Instrument

All mdlcatrng rnstruments shall be of flush mounted back connected, dust-'E '
proof and heavy duty switchboard type. Each indicaling melre and

instrument shall have a removable cover, either transparent or with a
transparent window. Each metre and instrument shall be suitable for

operation with the rnstrument transformers under both normal and short

. circuit conditions.

Scale plates wrll have a permanent whrte crrcular or rectangular finish wrth

. black pointer or markings. The scale ranges shall be determined from

_current transformers and voltage transformer ratro

. Each wattmeter and watt-hour metre shall be frtted a reverse runnrng stop.

o Al rndrcatrng rnstruments shall be approximately 110 mm square enclosures -

" and shall be provided with clearly readable long scale, approximately 240 -
. degrees. The maximum error_shail be not more than one and a half (1 S I

percent of futl scale range

- The water level lndrcators shall be of dlgrtat type of four f gures surtable for

"'_the water level gaugrng equipment provrded

14 6 10 Synchroscope

The synchroscope shall be turnrshed complete wnth accessones and shalt be

- designed so that the indication pointer shall rolate by the relative phase of

~ the generator terminal and main transformer primary voltage crr_curts The
~ pointer shall not rotate if the voltage from either circuit is lost. The

‘ synchroscope shall have fu!t 360 degree scale and shall be marked to show
s the synchronlsm pornt ' . N ‘

: 14 6. 11 Group Status Indlcator _ _ L _ __
. The groups status shall be provrded wrth vrsual rndrcatlng of operatrng status

“and condrtrons Pushbutton for tamp test shall be prowded on the main

' contro! pa nel

14 6 12 Controt and tnstrument Swrtches e

~ All control swnches shall be of ﬂush mounted back connected dust proof

and heavy duty switchboard type. Each |Itum|nated pushbutton swrtch shall '

" be rntegrated with Itght emrttlng diode (LED)

| ;," Setector swrtches and synchronlsrng swnch shati be of malntarned contact S

: type wrth the requrred number of posrtrons and shaII have round notched : :



handle. Each selector switch and synchronising switch shall be provided
- with an escutcheon plate to show each operaling position. The switch
© . identifications shal! be engraved on the escutcheon plates or on separate '
- nameplates. . R IR :

14.6.13 Indicating Lamp Assembhes

Indicating faimps assemblies for the main control panel shall be of the'
* switchboard type, with appropriate coloured lamp covers integrally mounted.
The famps covers shall be made of a material which not be softened by the
heat from the lamps. : _

14 6.14 Automatlc Synchromsmg Equlpment

One set of automatlc synchromsmg equment shall be prowcled on the main
o f-;controi panel. The automatic synchronising equipment shall be’ designed to
T+ 77 permit either manual or automatic control turbine speed, generator vollage
“and circuit breaker closing, for the purpose of connécting the genérator with _
- the existing power system wnlh a mmrmum dlsturbance to the generator or.
- the system ' . . : 2

'.'The automatlc synchromsmg equment shall mclude an automatrc
o synchronrser a vollage relay and speed matcher

: The voltage shall be feed from the voltage transformers connected to Iow "
" voltage bus and generator clrcurts as shown on the smgle connectron
dlagram S :

14615Protect|ve Relays el T T €

Each protectwe relay shall be of the ﬂush mounted back connected dust_
' proof swnchboard type with reclangular case. o

_AUXIIIary relays whlch may be contlnuously energised shall operate; ) o
- successfully over a range of 75 percent of the rated voltage wrthout :
o exoeedlng the temperature rise llmits for the operahng coﬂs o

: ':_ The deta:led requrrements for protectwe relaymg are as follows

ca. Generator AC Overvollage Relay

~* Protection for overvoltage in the generator crrcunt shall be prowded by SR
ovarvoltage relay wrth hrgh speed trmes charactensltcs B T

b Overcurrent Relay

":Protecllon for short Cerl.IIt fault and overload shall be prowded by'
overcurrent relays with the surtable tlme characterrstlc

C. iGround Overvoltage

- Ground overvoltage relays for protectron of ground fault in the generator’: ‘
' crrcuutand 20 kV circuit. ‘. Sl T DRI

o d 'AC Undervoltage Relay

i . AC undervoltage relay for the secondary crrcwt of the statlon serwce:
_transformer : : o L



- e, Power Relay

Alarm for low power generation shall be provided by. the power relay on
- the generator circuit. The relay shall be surtable detection of generating
output of under 40% rated.

f. Lockout Relay

Lockout relay for the Emergency stop protechon shall be provrde with
- manual reset features for the operaling contacts. . :

14.6. 16 Test Blocks

Te'st blocks shall be provided in lhe main control panel and relay panel as
required. The test block shali be of the back connected semi flush mounted,
switchboard type with removable covers. All test block shall be provided with
- the suitable circuit identification and shall be arranged to isolate completely
the instrument from the instrument transformer and other external circuits so
_ that no other device will be affected, and means shall be provided for testing
. either from an external source of energy or from the instrument transformer
" by means of mulliple test pugs. The test blocks and plugs shall be arranged

* so that the current transformer secondary circuits can not be open circuited
© - in any position while the test plugs are rn place bemg inserted, or -being

- removed ' . SR _ o

14 6 17 Umt Automatic Control Panel

. The umt aulomatlc control pane! shall be equ1pped with all necessary relays
- and rnstruments for automatic control of the turbine génerator unit. If a
. program controller is applied to the automatic sequence control function, the
© emergency stopping sequence, circuil breaker tripping sequence, lockout
- relaying and required interfocks shall-be provided on the unit automatic
“control panel or on the relay panel separately from the programmable
controller funcilon ' .

5 The programmable controller shall be prowded wrlh a power supply unit for
' auxmary power supply h . - o

14 6 18 Equment Detalls

< The panel mounted equzpment and devrces shal! mclude bul not be lrmlled '_
. to the followmg . : -

. a. Mam Contro! Panei i g
'_ (i')'_ n AC voltmeler raled for generalor cucurt
o _ :' ('ii) : Watlmeter rated for generaior crrcunt SR
i (iii) .. Speed |nd|calor0 1500 rpm R,
-.'(iv)' : Gu:de vane openlng and Ioad hmlted posmon mdrcator
7 '(v) ;, AC Voltmetero 30 kV for 20 kV dlsinbuhon lme S _
(w) Wattmeter raled for 20 kV for 20KV, drstnbullon hne G o

‘. {3. (v'ii') | AC voltmeter 0 500 V for stetron service transformer secondary



il

R tiX)‘

S

i

- f(x’v'ir)}

o (_xviii)

L _lxi?c)-

b '_i-f (xx) .

W)

(viii)_

Wattmeter 0 — 400 kW for statron service transformer secondary
- Gircuit . L R _ o
" Set ofgroup fault annuncrator 5_ _ o -

(x) Set of group status indicator -
7(.>_<i) ‘ Setofmlmrcbus ‘ R S . :
(xii) Mater control swrtch posrtrons of START and “STOP"
(xiii) = Control switch with two posrtron of RlSl:” and LOWER for speed
' and load sefter : o
'Control switch wrth two posltrons of "RAtSE" and “LOWER" for
L load llmrted A RUETI ol
vy Control swrtch wrth two posrtrons of 'RAISE" “and "LOWER for
. voltage regulator T - R L :
Control switch with” the three posrtlon of “AUTO" OFF" and
E“MANUAL for synchromsmg control ;\ = R

AControl swatch for manual emergency shutdown _ _

Control switch wrth two posrtrons of “ON” and "OFF" for low crrcurt_ o
breaker ' o a o }
Control sIW|tch w:th two posrtlons of "ON“ and “OFF" for 20 kV

-’_'\_’_mrcurt breaker N
LOCkout relay reset swrtch
.('xx'i) _'_:'Audlble alarm reset swrtch L .? o
: \f(xx_ii) ‘( AC voltmeter selector swrtches _ | _
(xxrll) .'lDC_, coptrol source supply swltchj L L
fodv) Walthourmeters
(xxv) Set test blocks -
b Relay Panel ~ . |
ir(i) : _Overcurrenl relays for generator crrcurt _ :
-(ii) _ Overvoltage relayforgeneratorcrrcurt
B (1)} ' . 'Ground overvoltage relay for generator crrCU|t o
..Power relay for generator CII‘cuIl R ’
(v) 'Drrect current overvoltage relay for excrtatron system
(viﬂ) Lockout relay R A
! (yil) ' Overcurrent relays f0r 20 kV drstnbutlon llne e .

Ground overvoltage relay 20 kV drstnbutron ime



(X}  Under voltage relay for'_stalion service transformer secondary
circuit

(x) Overepeed relay |

_(xr) 7 Syn_chronous spe'e‘c't rela:y '_ |

(xiiy - Under speedrelay |

(xiii} Set of auxrllary relays '

' Synchromsrng panel

' (i) Synchroscope L

(i) AC voltmeters 0-500 V ' _
(iii) Frequency meters 45 - 50 55 Hz _ L
Recordtng panel '

@ ‘Forebay water tevet‘ |

. (i) 'Record;ng watt hour

iy AC voltmetersO 500v '

C(iv) Data Logger :

v) : Generator kWh va!ue

i) :Drscharge by hydrauhc turblne '

(vil) - Discharge by valve

14 6 19 Accessones for Controt and Relay Board

-.:-_!eThe Contractor shall rnclude in the supp[y the fo!lowrng accessories for the
' correct mstaltatron operalion and malntenance of the equrpment

oa
b

e

U

' h; Other accessorres recommended bythe manufacturer o

Channel bases

Side (or end) pane]s

c. _Ground bolts and nuts :

c
d.

Groundmg pads : _'

Test ptugs for test termrnals o

. Relay testlng p!ugs

Marntenance tools s '

14 6. 20 Spare Parts for Control and Retay Board _
The followmg ttems shall be supplred and quoted spare parts e

500% of actual use of mdrcating Iamps of each type

145



50% of lamps covers of each colour for mdicalmg lamps

500% fuses of each type and rating used

- 100% of resistors for mdlcateng lamps

One (1) complete assembly of each type of protectwe relay auxiliary

relay, timing relay, print circuiled board, rectrf’ ter and other special
device. : _

5% or at least one (1) piece of each type of small component like

resistor, inductors, capacitors, transformers, transducers etc

| One (1) set of spares recommended by the manufacturer for other .

devrces wh|ch are not covered above.

14 6 21 Test for Contro! and Relay Board

d. |
The tests as specrf ed shall be carned out by the Contractor at lhe Slte :

"?|'4_;7.1

= The following matenals shall be supphed and msta!led in lhe Jatlbarang :

Ca

The fol!owmg lests shall be carned out at the manufacturers workshop in -
- the presence of the Englneer before shlpment : : :

Cone_lr_u_chon mspechon

b. 'Sequentie'l operetion tests

Meter and re!ay tests

Betlery charger charectenstlcs tests

CABLES AND FITTINGS

Scope

power stallon and the Krapyak substatron under this paragraph

a.
b

c.

d.

20 kV Power cables and fi ttmgs '
8. 8 kv Power cables and flttlngs

Conlrol Cables -

'Oiher materials

14 7 2 20 kV Power Cables and Flttmgs

a

_‘ - The contractor shall choose the type of cable from mentloned below and
- comply wnlh Cable schedules and Drawangs i by

(_-:eneral

. ThIS secllon covers the manufaclure teslmg before shlpment transport_ v

to the site, ereclron and tesls at the site of 20 kV power cables.

w;- y

- All power cables will be adequately s;zed accordmg to the electncal_ S

reqwrements of the system

o ome

e



P

ot

0)

08

(ii)

Aluminium conductor, triplex cross-linked polyethylene insulated
and PVC sheathed copper tape shield (Al-CVT) power cable.

Aluminium single conductor, cross-linked polyethylene insulated

and PVC sheathed copper type shield (Al-CV) power cable.

b Requrrements S

" The following hrgh voltage cables to be tncorporated in the 20 kV power
= supply system shall be furnish by the Contractor S

(i) .

iy

.' (i)

lnterconnectlon between the end of over head {ransmission line at
top of No.1 Steel tower and the terminals in the 20 kV metal
cublcle of the Jatrbarang power station.

Interconnectron between the termlnals in the 20 kv metat cubicle
+ and the 20 kV terminals of the Main transformer.

. Interconnection between thé end of over head transmission line
0 and the termrnats in the 20 kV metal cubicle of the Krapyak

substatlon

c Constructron

The cabte constructton shall be as follows

: ‘?r‘- 0

_ Rated vottageZO kV

Single-core, and/or trrplex three (3) core rnsutated conductors :

~ - each contarnlng

s "'F:Ijr— Conductor made of stranded atumrnrum conductors

R Conductor msulated wrth cross- trnked ponethytene or ethytene-_

propylene rated for QOConductor temperature

T Copper tape shreld

Each of the three- phase conductors shatl be permanently
. identified by means of colours applied longiludinally in the

(i)

|nsulatron or by an alternate means approved by the Engrneer :

" Filtings for 20 kV A cv cable and/or 20 KV Ar cv1 cable shall be
.. as follows : o

" Fitlings for 20 KV ALGV cabte andlor 20 kV AI-GVT cable shall
" consist of outdoor and indoor termlnatlng sels, junction boxes and

. cable brackets. The rndoor termrnatrng sets shall be used for the
; :'termlnals in the cubrctes SRR TTE S e :

d Tests

The followmg tests shaII be camed out at manufacturers workshop -

(i-i) B

s _(m)
S ::‘:.._j; (IV)

o 'Tenslle tésts A R

Etongatton tests N
Resrstance tests

Wrthstand voitage test for power cabte o ]

_Char aCtenshcs S

o



(Vi)

Constructron ‘

14.7.3 6 6 kV Power Cables and Frttrngs

- a. Generat

This sectlon covers the manufacture testlng before shrpment transport
-~ to the site, erection and tests at the site of 6.6 kV power cables.

~ The Contractor shall choose the type of cabte from the below mentloned
- and cornply with Cable schedules and Drawrngs ' :

o ’ Alt power cables erI be adequatety srzed accordrng to the electrical
requirements of the system SRR ER PR _

SO

--'_'(ii)_

Copper conductor trrptex Cross- Ianked potyethylene insulated and
- PVC sheathed copper tape shletd (Cu C\fl') power cable.

Copper srngte conductor cross=t|nked polyethylene lnsutated and o

PVC sheathed copper type shield (Cu- CV) power cabte

b. Requrrements :

The fotlowrng hlgh voltage cables to be rncorporated In the 6 6 kV power
suppty system shall be furmsh b j the Contractor e

SN0

tnterconnectron between the 6.6 kV termrnats of the main ;'
- transformer and the terminats in the 6 6 kV outdoor metal cubrcte :

of the substatron

Sy
- #cubicle of the substation and the terminals in the 6.6 kv rndoor ‘
T metat cub|c!e of the cubrcle room in the power statron :

iy

S w

Interconnectron between the termrnats in the 6. 6 kV outdoor metal

‘ lnterconnectlon between the 6 6 kV mdoor metat cubrcte of the ‘_ :
~ cubicle room and the line termrnals of the generator _

Interconnection between the neutrat termrnals of the generator o
" and the termmals of the neutratgroundrng resrstor cubicle. ..

_ :c Constructron

The cab!e constructron shaII be as follows

(ii)_

C— Conductor insulated Wrth cross: tlnked potyethytene or ethylene{_‘ _. _

' Each of the three phase conductors shall be permanentty rdentrfred by o
means of colowrs applied Iongrtudrnalty in the rnsulatron or by an .

Rated vottageﬁ 6 k\l

Srngle core, and trrplex three (3) core rnsulated conductors eacb

contalnrng

L Conductor made of stranded COppet’ conductors

propylene rated for 90 conductor temperature o

- Copper tape shreld

: 'alternate means approved by the Engrneer

Fittings for 6 6 kV Cu- CV cabte andlor 6 6 kV CV-GVT cabte shaII be as_ o

fol lows :



Fittings for 6.6 kV Cu-CV cable and/or 6.6 KV Cu-CVT cable shall consist
of indoor terminaling sets, junction boxes and cable brackets. The indoor
termmatrng sets shall be used for the termlnals in lhe cubrcles

( d. Tests

- The followrng tests shall be camed out at manufacturer s workshop :-

0]

(i)

(i

()

)
(Vi)

Tensile tests
Elongation tests - -

Resrstance tests

Wthstand voltage test for power cable o

7 Charactenstrcs

Cbhstrtrcti'on

' 14 7 4 Low Voltage Cables and Flttmgs

a. General

The term "Low voltage" is apphed to cable rated 600 v and under '

The type of low vollage cables shall be as follows

- '(i'i:) |

:“(iii).~
oomm.

“uh

Polyviny! ~ chloride (PVC) lnsulated and termlle proof PVC

L sheathed control cable (CW)

PVC :nsulated and termite- proof PVC sheathed control cable wrth
copper tape electrostatrc sh:eld:ng (CW S) .

'Srngle or multr copper ‘cores cable W|th copper shleldlng tape or

mesh. The seclional | area of core shall not be less than 2.5 square

_ Colours of core tnsulatlon shal] be as follows

" ONE COME e, . Black - _
Two cores...................  Black and whlte Do
“Three cores...’..' ...... ... Black, white and red
" Four cores................ Black, white, red, and green
" Five cores.....';_...' ..... ' ;_..." Btack, white, red, green, and yellow
. Six cores.'.....’L.'.'.r.'..._."..'.., Black whlte red, green, yellow and
'brown' Co o

' b Insulaled Wres

- ‘-j 600V PVC msulated wrres shall be used for pOWer healer crrcurts inside
"equment The minimum size shall be 2.5 square mm. Soft annealed
7 copper stranded wire appropriately sized based on the likely fault current .
* “and protection in the circuit shall be supplied to connect the ancillary
. - Plant, metal enclosures motors swrtchgear etc to the slatron groundmg .
o system. o , ST -



-G Constructron and Requrrement

iy - Requnrement

The following low voltage power and control cables are reqwred to
be furnished by the Contractor.

L Cable requrred for connectrons of all Plant furnlshed under this
specification. - - ,

- Cables between AC cubicle and 380 A7) and 220 V AC
drstrlbutron pangls.

- Cables between DC cubrcle and 110 V DC drstrrbutron panels
- Construction | ' o _' '
- Control cables shall be conslructed as follows

- Multr conductor cables rated for600 volts

R Conductor made of a mrnlmum cross~sechona| area of 3 5 mm
' made up of stranded copper conductors S

S Insulated conductors bonded together by a non f brous non- '
hygroscoprcﬁlter - R Do

— 'Polyester packing tape over the l" lter

For the following circuits, sh[elded cable shall be prowded on the -
3 conductors o :

_'— Overall copper sh:eld on cables for outdoor use in the é
o ] substatrons o o S ' '
d Tests , R O . ,
The followmg tests of power ‘cables’ shall be carned out at_
manufacturers workshop before shlpment o , -
() _Measurement of resrstance e
iy lnsulatlon test for power cables and rnsulated wrre -

| (i'ii) . Charactenstrc test

" (w) Constructron check

14 7 5 Other Materlals

All construction materrals such as steel condurt prpes PVC prpe angle steel R
f: _channel steel, steel plates, cable supporting brackets and racks, cable rack S
.- cover, cable shaft cover, cleal, bolts, nuls and other items. required for = é
_..~> putling the generating plant into operation shall be provrded without extra - -
. charge and shall comply wrth the hlghest grade specrt‘ ed in the relevant -
,standard I R - Lo

| _Condun prpe of PVC pipe shall be p'rowde'd in loCatrons 'wﬁér'é" control Cables

or insulated wires wrlt be exposed in the power statron and the outdoor
- switchyard, . : :



Cable supporting brackets and racks with suitable cleats shall be provided
for installation of all power and control cables in the cable duct in the

y powerhouse and outdoor swrtchyard

14.8

14.8.1

14.8.2

- Steel plates shall also be supphed to cover the block out or extra space

where conduit pipes or cable running through.

" ANCILLARY EQUIPMENT

Scope_

The following equrpment shall be supplred and mstalled in the power station
under this paragraph

a. Telephone Systems _

_b t_rghtnmg and Auxrllary Servrce System f =

Telephone Systems

a General

- The telephone equrpment to be supphed and mstalled for the’ power
~ o planti is asfollows - : L

o _ (i) ' Prrvate automatlc branch exchanger (PABX)

(i) Telephone sets (Indoor and outddor types) '
(i - Communlcetlon cables and condmt D
._ (iv) f_' Accessones B L

b Desrgn and Constructron Charactensllcs S :

e The telephone system shall be of an automallc telephone syslem with
twenty (20) internal connectron lines. = o 0 o o :

o Telephone sets (or stands) shall be lncorporated rn the out stand;ng

locations at the power house substatlon and control room.

o c. - Type and Apparatus to be Provrded

_'_The followrng outllnes of the” equxpment shall be rncorporated in the
: :Jatrbarang power statlon telephone system Do

N ) - Prrvate Automatrc Branch Exohanger (PAB)()

" PABX shall provrde automatic. exchanglng of the telephone crrcurts
incorporated in the Jatibarang power station, namely the private
telephone llnes and publlc telephone lrnes : :

(||) Telephone console

“* One set of telephone console shall be mcorporated mto the control o
.- desk in the control room.- A" package - console available as a
e standard item lS to be used for prrvate telephone crrcurts

(iii)'- | ‘Telephone sel L . ‘ o L
2 "", Following three klnd of telephone sets shall be mcorporated in the_
syslem R R R S -



Type A: Table set type i
Type B : Wall attachment type "+ SR
Type C : Outdoor water proof type (encased in metallic cabinet)

. Classification of usage and location of mstallatlon of the telephone
sels are given in the Table below LTl

Loca_ﬁon o Tglephqne Set Ty_p‘e:_
| R A B c
" i) Power house '
Secondfloor S
" Officeroom ~~ © 3
Flrstfloor I I
“Control room O T SRR N
Machineshop . . - . . - 1
~ Entrance hali R T
Basement-iF
~ Cubicle room L ,"_1 )
BasementZF L
Machlne halt * Do B
~ Valveroom . .U ToToq g
) Outdoor == o e
Substation ...
|||)Others B D T
Dam control center S I L
CSpare 3. 21
B A S S

d Cable Installatlon _ _ O _
" The telephone network conf:guratton is a radlel netWOrk Each apparatus
s connected via individual pllot cable paIrS w:th the céntral unit. .

Cable instaliation shall compnse the complete outdoor lnstallal:on and B
.- indoor installation including supply and laying of cables, “conduit cables, .. -

conduit and supply of all ancillary dewces necessary for the proper el

functlomng of the teléphone’ system. _¥. SRR N

) The conduit’ system shall be “of galvanlsed ngld steel wnth all the N
‘: pecéssary, boxes, fttlngs fastemng brackets etc required for a -
complete |nstallalton 2 . . C R

e. Test . . . f S T _. @
_ The fo!lowmg tests shall be carned out at the manufacturers workshop R

| (I) - Appearanceinspectlon= TSI ST s -

(") COHSfI’UCHOD lnspechon R e e

(m) Operatlon set _ '

i) Insulatlon resnstance measurement -



O

; (v) Other necessary test

14 8 3 Lightrng and Auxlltary Service System

" a. General

~ The Irghtnlng and auxrlrary service system shall be supplred and inslalled
- in the following: . L ,

i) Outdoor area trghtlng around powerhouse
@iy - lndoor Irghtrng and auxrhary sewrce for the powerhouse

- '_. The followmg apparatuses and materrals shall be t’urnrshed and installed
o to complete the lrghtrng and auxrtlary servrce system :

(i) Distribution panels - |
(i Concrete POle(s) for outdoor lamps

o Atl condmts and electncal W|res for Irghtrng tlxtures and auxrllary servrce_ C
such as convenience outlets etc L : '

i - Lrghtlng t" xtures mcludlng bulbs and suppoﬂs :

' (n) Mrscellaneous materrals to complete the system

o b. Electncal Apparatus and Materlals h .
(i) * - Distribution panelS S e

_ Electric crrcurts classifi catron rating and ‘humbers of circuit
breaker shall be included in Contractor's drawrngs and submitted
in advance for approval of the Englneer o :

(li) N nghtlng fxture _j B

Pl Fluorescent lrghtlng fi xtures shall be rndustnal type high power
‘ factor and rapld start : :

— lncandescent Irghtrng ﬁxtures shall have hrgh quahty tamp.
o holders |n accordance with the Iocal standard T

— Mercury lrghtlng ﬁxtures shall be equnpped with a screwed base
- lamp holder ‘suilable for high pressure mercury lamp, and
SRR appropnate stabltrser of htgh power factor for stabte operation

'~ The lrghtlng t" xtures for outdoors use shall be of a weather
. proof ype. Special care shall be exercised on selection of
~+.. fixtures so that illumination of the lamps |s not obstructed by

L accumulatton oflnsects and dust cLei D

S udoorighing supports

L Supports of the outdoor I|ght|ng fi Sctures around the powerhouse
..+ shall be concrete poles, wilh height not less than 7.00 mm from |
L the ground Wnng for outdoor lamps shall be placed underground L

o (rv) Jornt boxes RECh

;r;The boxes. tor wrre jomts to be concealed in concrete shall be of B

Qalvanrsed sheet steel type and shall. be f tted wath appfﬂpﬂate L
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- (i)

(vii)' . : S PR
' i_,'l“he rigid steel conduns shall be of thlck wall galvamsed type lhe _
" conduits shall have a mlnlmum thlckness of 2.3 mm and have a

covers, where necessary, to set the boxes in flush with the
finished surface of the structure. The boxes to be used for the
exposed installation shall be of galvanised cast steel or alloy to be
fitted with appropriate fitling and covers.

“Tumbler swrlches

* Wall switches shall be of the enclosed flush or surface mounting
- tumbler type, single pole, 240 volt, 15 amperes and shall be fully

recessed wrthln the boxed with suitable plate for covering.

Convenlence oullels :
Convenience outlets shall be of 2 pin type 240 vo]l 15 amperes

three wire grounded type ‘and provided with suitable outlet box
- and cover plates. Waterproof convenience outlet shall be prov:ded

W|lh a thread cap and thread socket.

Condwts

minimum inside diameter of 16 mm. Where the condurt installed is :

B exposed it shall be coated with epoxy enamel.
(viii) -

Mlscellaneous matenals

All apparalus accessories and materrals whlch have not been
specifically “ mentioned - but which are : necessary for the

o performance of the works shall be prowded by the Conlractor

' Inslallatron Work

S AN mslallallon works shall be carned out by the Conlraclor in
- accordance with regulallons of this section and the instruction of

- the Engineer. The arrangement of fixtures and apparatus shall o
: _"conform to the Contraclorsdrawmgs TR L

W

General

Lrghtmng lrxtures R
" The exact localton and herght of f xtures shall be delermlned by

the structural and mechanlcal limitations of building, and fixtures

~-shall be installed in such a ‘manner as to avoid obstructions and to
- give proper illumination. Fixtures shall, be installed in such a
- manner-as not-to damage outlet - boxes conduit tubes wall

- ceiling, etc, bytherrwelght

e i) B e : '
" Conduit shall be concealed w:lhm or plerced through the structure
-+ without effect on their construction and strength. The cut ends of
" conduit shall be smoothed Pull boxes shall be provided for the .
. conduit system to givé easy leadmg in or replacement of the .=~
- wires. The bending radius of thé conduit tube shall be not less L
- than 6 times its inside diameter without normal bend. Exposed =~
* runs’ of ‘¢onduit shall have sleel supports ‘spaced not more than -
. 1.5.  metres. They shall be’ installed with runs parallel or
" perpendicular  to adjacent walls, slructural members cor
" intersections of vertical planes and cellmgs thh rlghl angle lums R

Condwtwork L

soas to creale a neal appearance
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W

" The cables to be rnstalled in the floer trenches shatl be Iald on the

Switch boxes or outlet boxes with appropriate covers shall be
installed at the appropnate locations. When necessary, the
Contractor shall relocate outlets so that, when fixtures or other
fittings are installed, they will be symmetrically located according
to room layout and will not interfere wnth other work or equipment.

Conduit shall be installed is such a manner as to insure against
trouble from the collection of ttapped condensation. U-shaped
runs shall be avoided as far as possible. Conduit shall be

" connected mutually by means of junction and pull boxes with

galvanised locknuts and bushings. Connected portions of conduit

. system shall be coated with anti corrosive paint. Exposed runs of

e (iv) R _
" The conductor shali be contmuous between outtets and no -
~junction shall be made except within outlet or junctlon boxes. The
“conductor shall be drawn through ducts of conduits after they
" have been cleanéd. Oil or grease shall not be used as a lubricant
- for the drawmg operat[on but an approved compound may be

conduit including boxes, support and all other fittings shall be

- complete with finished palnt of whlch cotour will be mdrcated by
:,_the Employer. - ' -

The contractor shall exermse the necessary preCautlons to
prevent dirt, plaster, trash or moisture in condun plpe fittings, and_
boxes durmg the course of mstatlatron _

Cabllng and Wrmg e

used for thls purpose

,._Indoor Cabte Laymg . o
- Cables shall be securely fastened a tong the structure wrth :

saddles or other suitable supports spaced not more than 1.5

" metres apart. Metallic racks and the like shall be installed in cable
“ducts and shaft for laying, where necessary. Conduils shall be

- utilised where the cables may be damaged. Cables shall be laid in

.. conduit where they are concealed in the concrete struclure to

s s protect the cables and to prowde easy replacement

Cable Iaymg ll‘l trench

floor of the trench or fastened on the wall of the trench or fastened

- :-on the wall of the trench in neat workmanship. Each cable shall be

. :provided . with - tag- which indicate - circuit- number or circuit

-+ -destination. The cables to be fastened installed on the trench wall
SRS shall be supported w:th factory made devrces at 1 5m mtervals

'_f_"__.'(vii) "'Groundlng SRR SRR T

0 Unless  otherwise directed by the Englneer alt non current

- garrying metal:paris - of “electrical-:Plant and fixtures shall be

'_{ " grounded trough ' the ‘rigid - stee! conduit  system.” All joints of
~-.,- conduits shall be tight. The conduits shall be connected with the
E 1‘_“.‘groundlng mesh as far as appl:cable Groundrng rods’ shall be

""i': mstalled where requrred or as mdlcated by the Englneer R

o

Pullboxes R e R _
Pull boxes shal! be lnstalled at Iocatrons determlned by the :

T : Contractor after consultatron wrth the Englneer The putl boxes



“shall be of sheet melal galvanrsed type the srze of whrch shall be
150mmx150mmx100mm '

d Spare parts - S RIS
'_ The foltowrng spare parts shall be supplled ,.
)y 10%of actual use of lighting fixture of each type

_'(ii) '.;'200% of actual uee of bulbs and tubes of each type used for
R mdoor lighting ‘ . , '

: _(iitt 20% of actual use of mercury Iamps used for outdoor Ilghtrng
) 200% of actual use of fuse or breaker of each type |
) _5% ofother apparatus o R
gl Tests o
 Atthe Site

R The fotlowrng tests shall be carned out by the Contractor at the Srte aﬂer :
o the comptetlon of instal!atlon : , _

' .t.-;_(i) Operatton test B _
R (ti)__ Measurement of rnsutatron resrstance

: (iii) _ Crrcurt conttnurty test

| '14'.9 GROUNDING SYSTEM

14 9 1 Groundrng System and Connectlons

The power statton groundrng system shall be provrded by the Contractor _' 3 N

The Contractor shall establrsh by measurement at the site the most surtabte T
location for the earth electrodes. Electrical measurements of the subsoil
shall be made at various depths from which the ground resistivity and hence
., lhe expected resrstance of the proposed groundrng system may be'
predlcted : . .

Earth connectlons wrlt be provrded for each rtem of Plant wrth a surtab!e :
- terminal point for conniection to-the station main grounding system. This -
- system will comprise a continuous main copper éarth ‘bar installed around -~ - -
. the station- wrth subsrdrary and branch copper connectrons to the various -
A rtemsofPtant S : : R _
The steelwork of generators swrtchgear transformers resrstors and other‘ = Iy
- electrical: apparatus and building steelwork shall each be connected to the AR é}
mam earth by means of a separate subsrdrary connectson o ST '

Cabte sheaths may be earthed in groups by a separate branch connectron to L ':_3.
" “each item of Plant in the group, the branch connectrons bemg connected by S
- a srngle subsrdrary connectron to the marn earth bar Sl '

_ Atl connectrons to earth bars shatl be made wrth a srngle branch and there TS
shatl be no sub branches : s : :

o qass

Loy ey




All copper bars and joint_s buried in open group, or in concrete floors, or laid
in sand filled chases, or drawn in ducts shall be protected, In all other
locations the copper bars shall be protected where necessary against

" corrosion.

14.9.2

Groundmg Bars and Cables

“The quallty of copper bar shall be medtum drawn stnp of not less than 100
percent Internatlonal Standard t:arth cables shall have aPVvC sheath

: Where copper bars and jomts are buned in open ground or in concrete

floors, or laid in sand f Iled chases or drawrng in ducts they shall be .

protected

_ Where joints are to be burred the backﬁltmg or trenches and sand fi Ilrng of
- chases shall not be carrled out untit the Engrneer has mspecled and
_approved the jomt o _

.Precautlons shatl be taken to avord corrosron of earth etectrodes bars and

cleatsin contact with drssrmrlar metals or wrth concrete or masonry.

. The grounding system shall be desrgned and installed by the Contractor ina

__:"',___manner approved by the Englneer No grounding conductor shall be smaller
- section than 25 mm x 3 mm. Where the earth bar is 150 mim? or larger it

'_shall be secured by stand off bolted saddles at intervals of not more than 1.2
m. Installation of grounding cables shatl conform to the requ:rements of the

lnstallatron of power cables

: f"_Jornts on earth bars shall be made by Iow temperature brazrng of thermat
o _weldrng process - . , .

.- All joints shall have a resrstance not exceedrng that of and equwalent length'
, '_*{7 of conductor, and the Engineer may reqwre any jornt to be tested to prove
cdmphance with thls reqwrement i . SRR

| No groundlng conductor shall be dnlled wrth a hole larger than ‘12 mm

- diameter clear for attachment to the apparatus to be earthed, where holes
-+ larger than thls are requrred a suntable tab shall be ftted to the ond of the .
: conductor | PR R

1_‘4.9&3

Earth Electrodes

* Where requsred earth e!ectrodes to be supplred and mstatled under this -

Contract shall consist of etther

a. -"-Cast |ron plates 1 2 m?, whlch shalt be placed vemcal[y |n holes or |

) 'Cast lron plpes or

RS T'Copper rods or -

d. " Copper mats j'} S

'Botted remOVable links and a copper termlnal strap shali be provrded in the

- ‘connections belween the electrodes and the main earth conductor and shall
" be housed and mounted in and accessible position. Those in the ground
S shall be ina shatlow manhote local to the system earth pornt



14.9.4

Dissimilar metals liable to electrolytic action must be avoided in the

E connectlons between the main earth bar lrnks and electrodes

Cleats for Earth Bar
Cleats shall be of the heavy brass stand off type shaped to surt the size of

~the bar. Cleats shall be of the two holes fixing and shall secure the

o fconductor agalnst movement when fi nally trghtened up.

" All cleats shall be t” xed to brrckwork or concrete by ragbolts or other
e approved means and to steelwork by self tapping screws. i

1495

“apparatus and machines. The burtdrng steelWork shalt be also be bonded to '

" No dnllrng of the earth conductor shall be allowed except |n the 1orntrng or
termrnatmg unless approved by the Engrneer B

Termrnatrons R _ T
Earth terminal studs washers and locknuts shall be provrded on alt

the grounding system o

e 'Where earth ferminal studs are specrf ed they shall consrst of 12 mm

© L diameter brass studs drrlled and tapped mto the machrne frame or

j"_stanchron L

talos |

Bondrng and Groundrng of Cable Sheaths and Termlnat:ons

-At pornt near each termrnatron of aIl power cables not lald in trefotl and
fused at 63 amps and above, the bonding and groundrng of multi-core power
cables shall be means of a branch earth tape connection from éach cable

LT gland armour clamp, to the earth bar. Cables: protected by fuses below 63

- amps shall be earthed in similar manner at the supply end only. The

- surfaces of the armour clamp, armour wire and gland are to he thoroughly
. clean to ensure a first class connectron

Py EXCept where otherwnse approved srngle core cables carrylng alternatrng

- currents shall be run in close trefoil formation so as to keep to a minimum .
. losses and voltage rise. With this arrangement, the cable armour shall be . -
. insulated from the switchgear or other apparatus at bolt ends and bonded

and earthed via a link at the supply end of the cable The clamps must be

o carefu!ly rnsulated from the Plant

1497

Lrghtlng Protectron

The power statron shall be adequately protected agarnst lrghtnlng stnkes to S
protect fully all Plant installed within the power stalion area to a failure rate .~
- of shielding from drrect Irghtnmg strrkes or not greater than 01 per cent per S R

. annum.
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