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FOREWORD

There has been a demand from the players in the power sector that CEA as an
apex body in the sector, should finalize Standard Specification/ Design criteria/
Guidelines for power plant equipments to attract wider participation by equipment
suppliers and encourage competition on one hand and reducing the time for pre-award
activities, design & engineering and manufacturing on the other hand. With this objective
in mind, CEA issued the ‘Standard Technical Specification for Main Plant Package’ in
September 2008 and subsequently ‘Standard Design Criteria/ Guidelines for Balance of
Plant’ in September 2010 for thermal power projects of 2x500MW or above. To continue
the standardization of equipments/ systems in power sector, the standardization of various
electrical equipments in the sub-stations/ switchyard was also taken up.

Switchyard/ Sub-station upto 400kV have generally been installed in the country.
For higher unit sizes of 660/ 800MW, 765kV level switchyards/ sub-stations are also
expected to be installed. Further, GIS and hybrid GIS are likely to be installed in near
future. Accordingly, the document entitled “General Guidelines for 765/ 400/ 220/
132kV Sub-stations and Switchyard for Thermal/ Hydro Power Stations” covering
design criteria, parameters, other factors considered for selection/ design of various
associated equipments/ systems and their constructional features is an attempt in this
regard.

Views of major players in the field of power have also been considered to reflect
wider consensus in this area.

I do hope that the utilities would find the document quite useful for effective
planning and implementation and saving considerable time in project execution in the
country.

New Delhi M _b

'd
June 2012 (A.S.BAKSHI)
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iii)

INTROD UCTION ,_

This document is an effort to consolidate maximum p0331b1e techmcal '
information/ data pertammg to switchyard for thermal/ hydro power projects

~and also sub-stations as per general prevailing practices for the use/ guidance.
 However, the site specific requirements need to be looked into by the owner/ o
“developer of the systems

The  sub-stations/ switchyards constitute of fransmission system, which

B mterconnects power transmission * ¢circuits and transformation between
‘networks of different voltages. It . is requ:lred to pay careful attention in
 planning, designing and' constructing the sub-stations/ switchyards, since its -
* . reliability directly affects the power supply availability. Sub-stations generally -

comprise of switchgear, power transformer, control, protection, monitoring

‘and automation equipment. The highest transmission system voltage in

operation in the counfry is 800kV. Further, 1200kV level is also under _

: 'consideratio’n in near future. =

The sub- statlons are of three types based on ifs use, viz Substations attached to -
thermal/ hydro power stations (which is generafly called as Switchyard),

interconnecting sub-stations, step-down (EHV/HV, EHV/MV, HV/MV)
substation. However, the sub-stations shall be of Air insulated sub- station

: (AIS) Gas msulated sub- statrons (GIS) or Hybnd sub stations :

~AIS is most oommonly -used so far; however, GIS/ hybrid substation may be

adopted considering techno-economic viability GIS is generalIy preferred

where ava11ab111ty of space and safety are major constraints, seismic prone
i areas, coastal areas and very heayily polluted areas etc.

Hybrid sub station (combmatlon of AIS and GIS) are available upto 220kV.

level which requires comparatively less space than AIS. For renovation/

- augmentation of existing AIS, hybrid option may be . adopted cons1der1ng

space constraints and techno -economic viability.

This document describes salient parameters and technical features of
equipment required for sub-stations and sw1tchyard associated with thermal/
hydro generating stations. Specific details in- respect - of GIS and hybrid sub-

-station have been oovered in Annexure-A and B
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: _'SYSTEMPARAMETERS

. The system parameters for 765kV, 400kV 220kV 132kV and 33kV are glven

30

in Schedule - I

| SWITCHING sCHEMES |

. The selection of switching ‘schemes depends on operatronal flexibility, system

. safety, reliability & availability, _ablhty to facilitate the system control and cost.

~ However, other types of sw1tch1ng schemes can be con31dered if system '
- demands ' o :

F ollowmg swztchmg schemes shall generally be adopted at various voltage levels

of switchyards/ sub- statlons The various types of sw1tch1ng schemes are’ shown

.-mtheAnnexure C”

BE Voltage_

Double main &
transfer bus scheme

Double bus scheme -

_ Switching schemes o _
o ti‘;.ef; Air insulated sub- Gas insulated sub- | Hybrid sub-station/

2 station/ Switchyard | station/ Switchyard " Switchyard
. 765 | Breaker and a half Breaker and a half --
' -scheme scheme

' ' or _

s , Double bus scheme

‘400 | Breaker and a half | Breaker and a half -

- | scheme - scheme '
jor or

type

220 Double main & - | Double bus scheme Double bus scheme
: transfer bus scheme ' ' '
jor _
- Double bus scheme e . :
132" | Main and transfer bus Double bus scheme - | Double bus scheme
~~ | scheme tor . or - -
ior | Single bus scheme | Single bus scheme
Double bus scheme - | with sectionalizer - with sectionalizer
| Notes :

(1) In case of Breaker and a half scheme, the layout sha]l be e1ther standard Dorl

(2) In case of GIS/ hybrld sub-statlon the double bus bar seheme is most preferred
economrc solution with high reliability.
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4.0

4.1

: LAYOUT

The actual layout shall depend upon the type of sub statton/ switchyard (viz Air

~insulated sub-station (AIS), Gas insulated ‘sub-station (GIS) or Hybrid sub-

station). The area required would depend .on voltage level, switching schemes, -

-number of feeders of different voltage levels, no. of transformers compensating
. eqmpments and pos51b111ty of future expansion.. :

'. In case of thermal power stations, the locatlon of the switchyard sha]l be decided - -

dependlng upon the wind profile to avoid additional pollutlon on account of

- water droplets from coolmg towers.
Alr msulated sub-statwn (AIS)
: ,Safety clearanceS'

Safety clearances for dlﬁerent voltage levels and different conﬁguratlons are
glvenm Scheduie 2

Bay wzdth and depth

_For estimation purpose, approxtrnate Wldth and depth (excludmg perlpheral _
“road and fencmg) of bays for-various sw1tchmg schemes at different voltage

level are given below: -

3

Voltage level and switching sch Dimension
oltage leve an swrtc mg scheme T Width (m) Dep T (m)
1) 765KV system o o
Breaker & half scheme (I-tvpe )(1) _ 529 320
12) 400KV system B
) Breaker and a half scheme
- I- -type 27 170
- D-type 27421427 -+ 1209
T T _ 27421427 |+ 1709
ii) Double main & transfer bus scheme .28 120
3) 220kV system -
' i) Double main & transfer bus scheme N 18 - 75
4) 132kV system D _ : :
_1) Double bus scheme 12 73.4=75
' 11) Main and Transfer 12 A
D In case of 765kV, only I-type is adopted, ® Con51denng 765KV 1-phase
transformer/ fire wall, 54M may be conmdered Further economization can be
done based on feeders/ transformers & reactor requirements during detailed
engmeermg, D on one side of bus only, ® D on both side of bus '
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ProviSion'_of space for srrit'able number of spare bays shall be provided in the
switchyard/ sub-station for future expansion

The bays shall be arranged suitably such that skew/ dev1at10n of outgomg and

' incoming connections shall not exceed 30°. The safety clearances shall be

- reviewed critically in case skew/ deviation angle exceeds 15° '

- Fencing shall be provided around the swrtchyard/ sub-station arca to restrict
o unauthonzed entry. :

. =Roads mcludmg dramage system shall be provrded in the smtchyard/ sub-statlon .
. for maintenance of equipment and vehicular movement within the yard. '

' 'Equiprnents shall be suitable for hotline washing wherever specified.
: Layout aspects
| a . AIS for thermal power plants

: In case of therrnal power plants, swrtchyard will be located in a fenced area

| - separate from the TG building. The transmission line take- off gantry designed

with suitable deviations shall be placed at the opposite end to the generator

'transformer and the statron transformer end of the bus bars

The n’ecessary equlpments such as IEDs, transducers ete. shall be housed

either in- switchyard control room or -outdoor air conditioned kiosks (air

- conditioned bay control ' rooms) for control and protection purpose. All
. switchyard equlpments shall be controlled either from switchyard control
. room or outdoor air conditioned kiosks; moreover, equipment of generator

shall be controlled from main control room of the unit(s).

The control room shall preferably be located to oversee the entire switchyard

. from the control room. However, video cameras may also be installed suitably

for viewing the. switchyard. Switchyard control room building shall be air--

E conditioned and properly ventilated, single/ double storied, located generally
‘inside the Switchyard_ premises between - transformer yard and switchyard.
~ Layout shall take into account the fire protection requirements and oil soaking/

collection pit in case of oil filled reactors/ auto-transformers located in

_switchyard.

' b) AIS for hydro power plants

The hydro power plants are generally located in the hrlly terrain. The
switchyard/ pothead yard is made in two or three steps depending on land
availability near power plant since complete leveled land in one stretch is

generally not available. The swrtchyard shall be well protected from the falling
.. 'stones on the equlpments from adJ omrng hills.
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4.3

“The smtchyard equipment. control shall be prov1ded locally from outdoor air "

conditioned kiosks (air conditioned bay control rooms) or from power house -

Vcontrol_ room. The synchromzatlon of the hne feeder shall be possible from

both

The control room shall i)referably be 1ocated'to oversee the entire switchyard
- from the control room. However, video cameras may also be installed smtably '

for viewing the smtchyard

, AIS jbr sub-stanons |

_The layodt of the AIS shall depend on area aﬁra.ilable for the sub-station, the

* number of line bays of different voltage levels, the number of main

transformers, busbar/ switching schemes, protection against direct lightning
and the possibility of future extension. Sufficient area shall also be taken into

_' _consrderatron for future expansmn

The outgoing line corridors shall ‘be considered with minimum humber of
crossings between different circuits. The location of. dead-end tower for

incoming/ outgoing e bays (at different voltage levels) shall be considered

- for planning the layout and orientation of sub-station. The sequence ‘of
different bays (line bays, transformer bays, bus coupler bus transfer bay ete.) .
_ shall also be consrdered

The control room building shall be_suitably located tohave an entire view of

‘sub-station. However, video cameras may also be installed suitably for viewing
-the . sub-station, The dimension of the building depends on the control,
- protection, momtorlng and automation system proposed to be prov1ded for the _

sub- statlon

Gas msulated sitb-station

‘Gas msulated sub station (GIS) shall be either outdoor or mdoor type MJmmum

maintenance space shall also be considered while designing the layout. In case of
hydro power stations, wherever GIS is located inside the power house building,

~the necessary equipments for interconnection Wlth the gnd may be located on the _
_'surface of the pothead yard : -

Hybrld sub-statzon

| Hybnd sub-statlon shalt be outd.oor. type. The bus?bar_ arrangement shall be air |

insulated and the clearances shall be as given for AIS. All other switching
equipments viz. circuit breaker, disconnector, earth switch shall be enclosed in a

- gas compartment as mentioned in GIS. The exact dimensions shall be as per the
: 'Voltage level of the svntchgear and manufacturer practice. .
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S UB—S TAT, ION/ A WIT CHYARD EQUIPMENT

. The sub stat1on/ swrtchyard shall generally compnse of the followmg L

equrpments
_ 1) ) _Bus bars - : :
i) - 'Smtchyard hatdware (clamps connectors 1nsulator str1ngs ete. )

iif)  Circuit breakers

iv)  Disconnectorss and earth sw1tches
V) Current transformers

vi) - Voltage transformers

-vii)  Surge arrestors -
viii)  Power transformer (ICT and Reactors)

ix)  Wave trap
X) : D1esel generator

' Featu:res of the eqmpment at 1), ii) and vn) above pertam to AIS and hybrld 3

sub-stations whereas description for equipment at iil) to vi) pertains to AIS

"' only. Features of the eqmprnent at v111) to x) are apphcable for all types of sub-

. station/ smtchya.rd

5.1

iii)

Specnfic detaﬂs of equlpment apphcable for GIS and Hybrrd type sub stat1on/

smtchyard are covered in enclosed Annexure-A and B respectlvely

Bus bars (appltcable for AIS & hybrld sub—statton)

. The outdoor bus bars shall be of stram/ ﬂexrble and/ or rigid type The overhead .

conductors shall be strain/ flexible: type, which are strung between supporting __ |

 structures and strain/ tension type insulators. The bundle conductor bus bars may

be considered for 220kV and above system to optimize the steel structures. In the

- rigid type, pipes are used for bus-bars and also for making connecnons to various

equipments, wherever required. The bus bar and the connectlons are supported

on the pedestal mounted post msulators

 The bus bar matenal fot rigid type shall generally be of a.lumlmum pipes :of
. grade 63401WP conforming to IS:5082. For strain/ flexible type bus-bar,
- Aluminium Conductor Steel Rernforced (ACSR)/ All Aluminiun Conductor

(AAC) shall generally be used

All steel structures shall be galvanized (Galvamzanon thickness shall be higher,

~in case of polluted and coastal areas). For long spans, in case of rigid conductors "

expansion joints shall be provided to avoid strain on the supportmg insulators
due to thermal expansron or connectlon of pipes. :

IAll galvamzed steel structures shall be de31gned for the worst combination of
dead and live loads. Wind loads, short circuit forces, seismic forces, conductor/

-earth wires stringing tensions, secondary effects such as shrinkage rise or fall in
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3.2

521

temperature etc. shall also be considered. However seismic and wind load are
not considered sn'nultaneously -

: Switchyard hardwa_re (applicable Jfor AIS & hybrid snb-station)

Clamps and connectors

Clamps and connectors (for connectmg to eqmpment temnnals and conductors) :
shall be of aluminium alloy casting type A6 as per IS 617 or equivalent. In case

_ of copper terminals, the clamps and connectors shall be of 2mm thick bi-metatlic _
liner/ strip. Clamps and, connectors for connectmg to shield wires shall be of

galvamsed rrnld steel.

. Clamps and connectors shall be of same cu:rrent ratlng as that of the connected

equlpment with temperature rise limited to 35°C over ambient temperature of

' 50 C. All current carrying parts shall be at least 10mm thick.

:. Elex1ble connect_ors, brards or laminated stnps shall be of copper/ alum ini.u_m.

Bolts, nuts and plain washers shall be hot dip galvanized mild steel for sizes Mi2

: '_ -“and above. For sizes below M12, these shall be electro-galvanized mild steel.
- A4/A2 grade SS bolts can also be used in case of heavily polluted and coastal
- areas. The spring washers shall be electro—galvamzed mild steel, '

iii)

: _Rigid bus connections between the equipments shall be of flexible type at one
~ end and fixed type at the other end. Generally, connector shall be of fixed type .
for disconnectors and ﬂex1ble type for circuit breakers, CTs ‘and ower

transformers
Insulaz‘or strmg and hardware

D1sc/ long rod type porcelam or composite type insulators shall be provided for

- tension and suspension string assembly for overhead bus conductor. It shall be
- wet process porcelam or compos1te Ball and Socket type.

" Salient pararneters-for 1nsulator string

.. The salient parameters for 765kV 400kV 220kV, 132kV and 33kV system -

insulator strmg are glven in Schedule - 3

Hollow bushlng type porcelain or compos1te insulator shall be used for housing
“various equipments, e.g. CB, CT, VT, surge arrestor etc. Porcelain or composite -

insulator shall be used for Bus Post Insulator (BPI) e.g, support of bus conductor

(ACSR and IPS Tube), WT etc. For heavﬂy polluted area, composne insulators
shall be preferred ' '
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: _ .Sallent features of bus post insulators

The sal1ent features for 765kV, 400kV 220kV l32kV and 33kV system bus
post insulators are given in Schedule - 4

| Spacers shall be of non-magr'letic matérial, Tts nuts and bolts shall be of hot dp
--galvanized ‘mild steel It shall also. meet the requrrement of clamps and -

connectors '

Clrcmt breaker (appltcable Jor AIS)

_ ..'C1rcurt breaker (CB) shall be of SF(;, outdoor type, C2-M2 class as per IEC .
62271-1 and 100 However for reactor swrtchmg, crrcurt breaker shall be M2
_-class : R o .

o Crrcurt breaker shall be of live tank or dead tank type In case of dead tank type

CB, conventional outdoor CTs as described elsewhere shall not be required;
however, bushmg type CTs shall be provided on either side of CB. The dead -

~ tank CB shall have foIlowmg features :

- The enclosure shall be made of e1ther Al/Al Alloy or mlld steel (sultably hot

- -dip galvamsed) The maximum temperature of enclosure with CB carrymg fuli .
load current shall not exceed the amblent temperature by more than 2

- The enclosure shall be des1gned for the mechanical and thermal loads. The
- enclosure ‘shall be manufactured and tested according to the pressure vessel

codes (ASME code for pressure vessel, Section VIII of BS:5179, IS 4379, IS-

731D 1t shall also be as per ]nd1an Boiler Regulatrons e

iii)

vi)

: j— it shaIl be routine tested at 1. 5 times the design pressure for one rmnute It
: shall also be type tested at the burstmg pressure of 5 t1mes the des1gn pressure.

© Circuit breaker shall be prov1ded with three rdentlcal smgle phase units with
single and three phase auto re- -closing features (as applicable). In case of 132kV
. system, circuit breaker may be of three pole type, if single phase auto-reclosing
- feature is not requrred For 33kV system c1rcu1t breaker shall be of three pole

- type.
"Crrcurt'b'reaker shall .be provrded with anti-pumpmg and trip free features and

"~ shall be remote controlled from control room with provision for local and manual

: control feature : : S

Crrcurt breaker shall be prov*rded with 2 trip coils and 1 close coil per operatmg o
‘mechanism for 132kV and above. It shall be possible to trip the circuit breaker -
even in the event of failure of auxiliary power supply to the mechanism. -

The ‘gap between the open contacts shall withstand at least rated ph_ase to

‘ground voltage for 8 hours at zero gauge pressure of SFs gas due to leakage. -

'y
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- vii)

viii)
- exceedmg over Voltage hnnts mentloned elsewhere.

The breaker shall also withstand all dielectric stress in open condition at lock
out pressure continuously (i.e. 2 pu across the breaker COntil1uously and power
frequency withstand test conducted for at least 15 minutes is acceptable forits -
vahdatlon) '

Cncmt breaker shall be capable of cleanng short line fault (kﬂometnc faults) .

- with source 1mpedance behmd the bus eqmvalent to Symmetncal fault current

Circuit breaker shall ‘be capable of switching on/ off shunt reactor without .

Clrcult breakers used for reactor swrtclnng duties shall be tested for inductive

.load sw1tch1ng as per IEC 62271-110.

: Clrcult breaker shaﬂ be capable of 1nterrupt1ng the steady state and transient _.
- magnetlsmg current correspondlng of power transformers.

- SFg gas shall be as per IEC-60376 60376A and B. SFs circuit breaker shall be _
supplied with gas for first filling and minimum 20% extra gas in non-returnable
- sealed containers. SF¢ gas filling, evacuating, purification and drying plant,

- porttable type, shall be provided as an opnonal feature along wﬂ:h all necessary-

eqmpment such as gas cyhnder ete. -

SF6 gas density monttor with temperature' compensation shall be provided with
respective pressure switches/ gauges. It shall be possible to dismantle the

- ‘monitor. without draining SFs gas. The contacts of density monitor and pressure .

o switches shalt be provided for pernnsswe in closmg and trlppmg operatlon

© xiii):

The 765/ 400KV circuit breakers shall be prov1ded with pre-rnsertlon resrstors

(wherever apphcable for line feeders) or controlled switching device (wherever . .
-applicable viz - Reactor. and Transformer Swftehmg Breakers) to lnmt the
o smtchmg surge over voltage : .

_a) Pre Insertion Reszster (PIR)

- 765/ 400kV cnfcult breaker shall be prov1ded w1th smgle step PIR of class C2-
- M2 class as per IEC 62271-1. The maximum rating/ pre-insertion time shall be
- 450Q/ 9ms and 4000/ 8ms for 765 and 400kV CBs respectively to limit
' swrtchmg surges to-a value as spemﬁed elsewhere. PIR contacts shall open

immediately after closing of main circuits or atleast Sms prior to opemng of

_ main contacts at rated a1r/ gas pressure, where the PIR contacts rernam closed

| The re31stor shall have thermal ratmg for the followlng dutles

- Termmal fault Close — 1 minute — Open Close Open meute — Close -1

_ nnnute Open Close Open
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- Re closmg agamst trapped charges Duty shall be same as above. The 1
and 4™ closures shall be oni de-energized line while 2™ closing shall be made
~with lines agamst trapped charge of 1.2 pu of opposrte polarlty

st 3rd .

- Out of phase closmg One closmg operation under phase opposmon that is
' wrth twice the voltage across the terrmnals -

- No allowance shall be made for heat d1531patron of resistor dunng time _
interval between successive -closing operations. The resistors and resistor -

_ _ supports shall perform all these dut1es wﬂ:hout detenorauon '

K 'b) Com‘rolled swztchmg devzce

The control re_lay shall have facility to record and monitor the switching =

- operations. It shall be possible to make adjustments to the switching instants to

- optimize the switching behavior as necessary: It shall be provided with self
diagnostic facilities, alarms and downloading and display facility for the

o settmgs and measured values. The controller shall be PC compatlble . :

B The controller shall meset the reqmrements of IEC 60255 4 Append1x ‘E’ class
- I regarding HF disturbance test; Fast transient test as per IEC 61000 4 level_

- TI and Insulation test as per IEC 60255 5.

- In case of breaker o be operated manually, controller shall- also get manual
command from remote. The controller shall be able to analyze the current and -
-voltage waves available through the signals from secondaries of CTs and

CVTs for the purpose of calculation of optimum mornent of the sw1tch1ng the -
circuit breaker and issue command to mrcurt breaker to operate S

The_ controller shall also have' an adaptive control fe’ature to consider the next

" operating time of the breaker in calculation of optimum time of issuing the

'_ =xiv) :

switching command. The accuracy of the operating time estimation by the
controller shall be better than (+) 0.5ms. The controller shall have time setting -
resolunon of 0. lms or better : _ '

Clrcmt Breaker along Wlth its operating mechamsm shall be subj ected to type,
 routine and acceptance tests as per IEC:62271-100. In case type tests are not to N

" -be performed and type test reports are to be submitted, the manufacturer shall

furnish certificate of conformity to relevant standards form the test laboratory

In addrtron the followmg tests shall also be performed :.

- Speed curves for each breaker shall be obtamed by a suitable operatlon .

analyzer/ travel recorder to ascertain breaker contact movement during
~ opening, closing, auto-reclosing and trip free operation under normal and
Timiting operating conditions (control voltage, pnetmatic/ hydrauhc pressure
~etc.). The tests shall show the speed of contacts directly at various stages of

operation, travel of contacts, opening tlme, closing tlme shortest time between

10
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separation and meeting of contacts at break make operatlon etc. Thls test shall .
also be performed at site. : : : :

- - Measurement :of dynami_c. contact resistance measurement for arcing and

‘main contacts shall be performed. Signature of dynamic contact resistance
_ _measurements shall be taken as reference for comparing the same durmg
 operation and maintenance in order to ascertarn the healthiness of contact.

- Controlled switchjng' equipment'validation tests (type test)

': - Seismic withstand'tes.tin un-pressurized _(_:ondition (type test) .

| Sahent features of circuit breaker

" The salient features for- 765kV 400kV, 220kV 132kV and 33kV system circuit

B breakers are glven in Schedule 5

D:sconnectors (Isolators) and earth swrtches (applrcable for AIS)

"_Drsconnectors ‘shall be of outdoor honzontal centre - break/ double break/

pantograph type/ vertical break/ knee-type with/ without earth switch as per IEC

1 62271-102. It shall be possible to interchange position of earth switch on either .

- gide. Type of drsconnector shall be as per layout requrrent

- Vi)

Vi)

i)

765/ 400/ 220/ 132kV system drsconnectors and earth switches shall be motor
: operated and 33 kv system dlsconnectors shall be manual operated type '

765/ 400kV system d1sconnectors and earth swrtches shall be 1nd1v1dual pole

operated and 220/132/33kV system shall be gang operated type. However,
220kV tandem d1scomlectors shall be 1nd1v1dual—pole operated type.

_ -D1sconnectors/ earth switches shall be prov1ded w1th pad locking arrangement .

to prevent operatron in case of emergency.

765/ 400/220/ 132/33kV disconnectors shall be of mechamcal endurance class- _

M2 type as per IEC 62271-102.

. The earthjng switches' shall be_ capable of discharging trapped charges of the
. associated lines. 765/ 400/ 220/ 'l_32kV-'earth switches shall also comply with
‘the requirements of TEC 62271-102, in respect of induced current switching

duty as defined for Class B and short circuit maklng capabrhty Class E-0 for .
earthmg swrtches

Earthlng swrtches shall be locally operated

'Mechamcal and electrical safety mterlockrng shall be provrded to prevent closmg' '
- of drsconnector when 1 maln earth sw1tch is closed and vrce-versa

11
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- Drsconnector and earthing switches along Wlth 1ts operating mechamsm shall
~ be subjected to type, routine and acceptance tests as per IEC: 62271-102. In
' -case type tests are not to be performed and type test reports are to be

-+ submitted, the manufacturer shall furnish certificate of conformity to relevant

iii) -

i)

' "Standards from the independent and approved test laboratory. In addition, the
- seismic withstand type test on d1sconnector mounted on support structure shall :
-aIso be carned out

o Sahent features of dlsconnector and earthmg swrtches o

: 'Ihe salient features for 765kV 400kV 220kV 132kV and 33kV system
. dlsconnector and earthmg sw1tches are given in Schedule 6 -

- 'Current tran.sjformer (apphcable Jfor AIS)

o Current transformer (C’I) shail be single phase 011 rmmersed (Wlth Class A
-msrﬂatlon)/ SFs gas filled and self-cooled as per IEC 60044-1. Tt shall be either
" -dead tank or live tank type. The secondary terminals shall be brought out at the
" bottom to a Weather-proof (IP55) termmal box All ratios shall be prov1ded at _
- the secondary taps. o : .

.".CT shall be of smgle primary of rmg/ hair pm type. Power frequency (PF). '
‘terminals to measure tan delta and capacitance shall also be provided. These

secondary terminals shall be terminated to stud typ'e non—dlsconnectmg :

_ ':termmal blocks.-

‘For bar-prlmary mverted type CT the followmg shall also be prov1ded

- The secondary shall be totally encased in metalllc shleldmg provrdmg a

: umform equipotential surface for even electmc ﬁeld distribution.

- The lowest part of the msulatlon assembiy shall be properly secured 16 avo1d

any rlsk of damage due to transportation stresses.

. - The upper - part of msulatlon assembly restmg on primary bar shall be
properly secured to avoid any damage during transportatlon due to relatlve
~ movement, between msulatlon assembly and top dome o

. For 765 kV system CT, the rated extended pnmary current shalI be 200% of
- rated prlmary on all taps except 3000/1A tap. At 3000/1A tap the rated
~ extended primary current shall be 120%. At 3000/1A tap, the CT shall be

thermally rated for 200% for 15 minutes and 120% contmuous The secondary

o wmdmg shall be rated for 2A contmuously

For 400 kV system CT the rated extended primary current of the CT shall be

200% of rated primary on all except 2000/1A tap. At 2000/1A tap the rated

-~ extended primary current shall be 120%. At 2000/1A ratio, the CT shall be

thermally rated for 200% for 15minutes and 120% contlnuous
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i)

" For 400 kV CT rated for 3000A the rated extended primary current shall be

120% for 3000/1A tap and 180% for 2000/1A tap and 200% for lower tap

ratios. The secondary windings shall be rated for 2A continuously. Further, the
- intermediate tapping at 3000-2000A and 2000- -500A shall be sultable for usmg
. as 1000/1A and 1500/1A ratlos :

- .For 220/ 132kV system CT, the rated extended primary current shall be 120% '
-or 150% (as per requlrement) on all cores of the CT. :

o Protectlon class CT shall mamtam the reqmred accuracy for burdens ranging -

from 25% to 100% of rated burden and up to the accuracy limit factor/ knee

_pomt Voltage in case of relaymg CT.
-Metermg CT Shall maintain the required accuraCy for current lranging- from 5% |
_ to 120% of rated current or speclﬂed rated extended current whichever is

For 0.2S and 0.5S class CT, ‘accuracy shall be maintained between 1% to_ -
120% of rated current. . . _

“For 765kV CT, the instrument secumty factor (ISF) at lowest tap shall be less

: -than ten (10) for metermg core.

‘For 400/ 220/ 132/ 33kV CT, the ISF at. all taps shall be less than five (5) for

B " metering -core. If any auxiliary CT/ reactor are used in the CTs then all-

© vii)

vii)

- parameters specified shall have to be met treating auxiliary CT as an integral

part of the CT. The. auxiliary- CT/ reactor shall preferably be inbuilt
ccnstructton of the CT.

765/ 400/ 220/ 132kV CT shall be suitable for hlgh speed auto re- closmg
_ (wherever requlred)

CT shall bé suitable for horizontal transportatlon CT shall withstand all the

_ stresses: dunng transportatlon

CT shall be subJected to type, routine and acceptance tests as per IEC 60044- -
1. In case type tests are not to be performed and type test reports are to be

- submitted, the manufacturer shall furnish certificate of conformity to relevant
standards from independent and approved test laboratory. The following
* additional type tests (for 765/ 400/ 220/ 132kV system CT) shall also be

carned out

" - Radio interference test.

- Seismic withstand test

13
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- Thermal stab111ty test appl1cable at rated voltage and rated extended thermal

N current: smultaneously by synthet1c test. c1rcurt (not apphcable for SF5 ﬁlled

CTU

- Thermal .co- efﬁc1ent test i.e. measurement of tan-delta as a functlon of

- temperature (at ambient and between 80°C & 900(3) and voltage (at 0 3, 0. 7 |

1.0 and 1.1 Um/\l?a) (not apphcable for SF6 filled CT)

: - Multrple chopped 1mpulse test as per IEC 60044 1.

- CT shall be subjected to Fast trans1ent test (multiple chopped lmpulse test) K

1o assess the CT performance for withstanding high frequency over-voltage
due to closmg and Opemng Operatron of drsconnectors durmg its service.

' CT burden shall not be less than SVA to achleve requ1red 0.28 accuracy class.
"Sahent features of current transformer

. .-The sahent features for 765kV 400kV, 220kV 132kV and 33kV system current .
- transfonners are gwen in Schedule - 7

. Voltage tmnsfonner (appllcable for AIS)

Voltage transformer (VT) shall be- capacrtor voltage divider type (CVT)/_ '

electromagnetic type (EnVT). VT shall be single phase, oil immersed (with Class . - "
“A insulation)/ SFs gas filled and self-cooled. VTs of 33 kV class shall be of

_ electromagnetlc type.
' _CVT on Imes shall be sultable for Carner Couplmg

' 'EmVT / CVT shall be prov1ded wrth three secondary wmdmgs, two w1nd1ngs for T
_ protectlons and one mndmg for metermg

, _CVT shall be su1tab1e for h1gh frequency (HF) couphng requrred for power
_ line- carrier comrnumcatro_n (PLCC). Carrier signal shall be prevented from -
~flowing to electro-magnetic unit (EMU) circuit of VT with radio frequency

(RF) choke/ reactor over entire carrier frequency range (40 to SOOkHz) H_F

- terrmnals shall be brought out through a suitable bushmg

EMU . comprlsmg compensatmg reactor, mtermedrate transformer and

protective & damping devices shall be provided wrth separate terminal box
~ withall secondary terminals brought out

 The dampmg device permanently connected to one of the secondary mndlngs :
- shall suppress ferro-resonance oscitlations also.

14
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viii)

Miniature circuit breakers (MCBY HRC fuse shall be provided on the secondary -
“winding of the VT. The auxiliary contacts shall be prov1ded in the MCB for
. mterlockmg and alarm purpose..

EnVT/CVT shall be sub_] ected to type, routme and acceptance tests as per IEC

60044-1/1IEC 60044-5. In case type tests are not to be performed and type test
reports are to be submitted, the manufacturer shall furnish certificate of
conformity to relevant standards from the independent and approved test

- laboratory.- The following addrtlonal type tests (for 765/ 400/ 220/ 132kV - -

N . system) shall also be carried out :

- ngh frequency capacrtance and eqmvalent series resistance measurement
(as per IEC-60358). : :

- Sersmrc Wrthstand test

- Stray capacrtance and. stray conductance measurement of the low voItage

. _terrmnal (as per IEC 60358):
S Deterr_nl_natlo_n- of temp_erat_ure coefficient test (as per'IEC 60358).

- Radio interferenée-' test as'per IEC 600.44-.5. '

VT burden for rnetenng class Wmdmg shall not be less than S0VA to achieve 0.2
accuracy class _

_ Sahent features of voltage transformer _

The sahent features for 765kV 400kV 220KV, 132kV and 33kV system voltage

transformers are given in Schedule - 8 -

; Surge arrestors (applicable Sfor AIS & hybrid sub-station)

'Surge arrester (SA), conforrrnng to IEC-60099-4 in general, shall be of heavy
duty, station class, and metal oxide gapless type without any series or shunt

gaps.  SA shall be single poIe hermetrcally sealed with non-linear blocks of
metal oxrde materral ' _ :

“The rated voltage of SA and other characterlstlcs shall be as per system
' requirements. . SA  shall preferably be provided near line entrances,

transformers to achieve proper msulatlon coordrnatlon

The parameters givén here are 1nd10at1ve only. Detailed study regardlng
insulation co-ordination and selection of SA shall be carried out to finalize
actual parameters, nos., locations, energy capability etc. to provide adequate

~ protective margin_ between the peak 1mpulse voltages with other inter-

connected sub- statlons

15
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- vid)

viii)

~SA shall also drscharge over-voltages due to swrtohrng of un-loaded
: transformers, reactors and hnes o _

765kV system SA shall chscharge severe re-energisation svfitching surges on

. line wrrh surge nnpedance of 270 Q and capa(:ltance of l3nF/km

400kV system SA shall dlscharge severe re- energlsatlon SWltcthg surges on a
. '450km  long line with. surge -impedance  of 3009 and capacitance of

I1. 986nF/k_m and over voltage factor of 23pu.

765kV SA shall dlscharge energy eqtuvalent to Class- 5 of IEC on two
~successive: operation” followed ‘immediately by 50Hz energisation with a

sequential voltage proﬁle as per system studies. However, typical values are

' -IOOOkVp for 3 peaks and 910, 8835, 866kVp for 0.1, 1.0, 10sec. respectlvely_ -

400kV SA shall drscharge energy equivalent to Class 4 of IEC on two
_successive operation followed immediately by 50Hz energisation with a

'-_,sequenual voltage profile as per system studies. However, typical values are
650kVp for 3 peaks and 575, 550 475kVp for O 1, 1. 0 10sec. respeetrvely

' 220/ 132kV SA shall drscharge energy equlvalent to Class 3.of IEC on two

SU,CCCSSIVG operatlons

s

: SA shall be of CB duty oycle '(i e. 0-0. 3'sec-co-3’min-00) -

SA shall be fitted. wﬂh pressure rehef devices (PRV) and dlvertlng ports for: |

preventmg shattenng of 1nsulator housing in’ the event of arrester failure. -

“The seahng arrangement of SA staeks shall be of grooved ﬂanges with the O-
rings/elliptical Cross- -section gaskets of Neoprene or Butyl rubber. -

o Self-contained dlscha.rge counters Wlthout any aux1llary supply, smtably' |
- enclosed for outdoor application shall be pr0v1ded for each single pole unit
3 alongw1th neeessary connectrons

: Leakage cutrent meter (mA) shall be provrded mthm the same. enclosure In
~case of remote momtonng the same may be kept separately

The above surge morntor Wlth dlscharge counters and leakage current meter

“shall be mounted on a Support structure and shall be tested for IP 66 degree of
_ protectron -

The arrangement for surge monitor enelosure fixing to the struoture_ shall be at
its rear/ bottom. Connection between the SA base and surge monitor shall be

- through'a 2m (mrmmum) long insulated copper rod/ strip of minimum cross
sectional area of 75mm?. It shalI be terminated at rear/ bottom srde of the :

Surge monitor.

- 16,
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581

SA shall be Sl.le ected to type, routlne and acceptance tests as per IEC60099 4.
In case type tests are not to be performed and type test reports are to be

" submitted, the manufacturer shall furnish certificate of conformity to relevant :

standards from mdependent and approved test laboratory

' SA momtors shall also be connected in series W1th the test Specn:nens during
rresxdual voltage and current impulse w1thstand tests to -establish its.
-performance Additional routine/ functional tests with one 100A and 10kA 7
current impulse (8/20u-sec.) shall also be. performed on the surge monitor,
Surge monitors shall be routinely tested for water dip test at 1.5m for
-30minutes. No water vapofs shall be visible on the monitor glass. :

Sahent features of surge arrestor

..The sallent features for 765kV, 400kV 220kV l32kV and 33kV system surge.
arrestors are glven in Schedule - 9 :

Power transfomer s

Inter-connectmg auto transformer

: '765/400/33kV or 765/220/33kV or 400/220/33kV or 400/ 132/33kV auto-
- transformers (ICT) with on-load tap changer (OLTC) conforming to IEC 60076/

IS 2026 shall be provided for inter. counectlon between 132kV or 220kV and/or

e -400kV and 765kV smtchyard buses

B All the auto—transformers shall be rumnng in parallel and their tap changers shall

i)

be controlled by keeping any of them as master and others as followers. The

: 33KV tertiary winding shall be un-loaded or loaded with shunt reactor/ capacitor
- as per system reqmrement/ appl1cat10n _

. 765kV ICT shall be of smgle phase type and 400kV ICT shall be of three phase/

single phase type as per rating and transportatlon limitations and shall be used for
bi-directional flow of power.

.ICT shall be of ONAN/ ONAF/ (OFAF/ ODAF) cooled type or ONAN/
- ONAF 1/ ONAF2 cooledtype :

R It shall be prowded Wlth minimum 5x25% unit coolers. Each umt cooler shall be

prov1ded with 1ts own cooling fans, 01l pumps ete.

It shall be capable of operatmg at full load for at least ten (l 0) minutes during

total failure of auxiliary power supply to - cooling fans and pumps without -
exceedmg wmdmg hot spot temperature exceedmg 140° C.

1t shall also be capable of operatmg for 20 mmutes in the event of failure of oil _

circulating pumps or blowers associated with all unit coolers exoept one unit

 cooler without exceeding Wmdmg hot spot temperature exceeding 140 C.
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i)

viii)

‘The maximum flux dens1ty in any part of- the core and yoke at rated MVA, ._

voltage and frequency shall not exceed 1.9 tesla at the lowest tap p0s1t10n under

- 10% continuous over voltage condltlon

765kV ICT ‘shall have constant lrnpedance betweeri High Voltage (HV ) -and

~ Intermediate Voltage (IV)/ Low Voltage (LV) (tertiary). 400kV ICT shall have
~constant ohnnc nnpedance between HV and IV/LV (tertlary) o :

The air core. reactance of HV wmdjng of transformer shall not be less than 20%.-
The knee pomt Voltage shall not be less than 1 Ipu : A

- Extemal or Internal reactors shall not be used to achreve the HV/LV (tertrary) _

and IV/ LV (tertlary) unpedance speclﬁed

The temperature of any part of the core or its support structure in contact wrth_ _

- oil shall not exceed 120°C under normal operating condition and 130°C under
_ most extrcme operatmg condltron

t"The msulatlon of core to bolts and core to clamp plates shalI w1thstand a
voltage of 2 kV(rms) for Iminute. ' : : '

~ The msulatmg oil shall ‘be- Vlrgm hrgh grade 1nhrb1ted conformmg 1o IEC .
60296

It shall withstand and give desired perfor_mance, without injurious heating for

combined voltage and frequency fluctuations. It shall withstand over fluxing

'condltlons of 110 125 and 140% for continuous, 1 rrunute and 5 seconds

- -respectlvely

i)

xiv)

XV)

XVi) |

| It shall be capable of bemg loaded upto 150% of rated Ioad as per 1S 6600/ IEC -
 60076-7. There shall be no limitation for overloading 1mposed by bushmg, tap o
changer etc or any other a55001ated eqmpment S

_ In case of sub~stat10n 1f spare ICT is envrsaged ‘the same shall be properly :
o erected on foundatron oil ﬁlled and comrmssroned for long term. storage '

It Shall be sub_;ected to type routme and acceptance tests as per IEC 62271--
1020 . :

E Salient features of Inter-connecting auto transformer

X)) 500MVA 765/\/3/400/\/3/33kV single phase ICT

The sahent features for SOOMVA 765/\/3/400/\/3/33](V smgle-phase Inter- L
connectlng auto transformer are given in Schedule 10(A) o

18.
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b) 500 or 3]5MVA (whzchever is applzcable) 400/220/33kV ICT (consrant
ohmzc impedance lype) :

~ The salient features for 500 or 315MVA, 400/220/33kV Inter- connectmg auto

transfonncr (constant ohmic nnpedance type) are given in Schedule IO(B)

Shunt and neutral reactors

 Reactor shall conform to TEC 60076/ IS 2026. 765KV reactor shall be of single

phase type and 400kV reactor shall be of three/ smgle phase type as per rat1ng
and transportatlon l1m1tat10ns .

Reactor shall be of oil nnmersed W1th natural coollng (ONAN). The 1nsu1at1ng

ol shall be virgin hrgh grade mh1b1ted conformmg to TEC-60296.

Shunt reactor shall be gapped core or magnet1cally shlelded air core type (shell R

o type) of construction. In case of coreless construction, a magnetic shield shall

a ‘vi)

vii)

 be provided around the coreless coils and non-magnetic material sheet shall
form the central core to minimize the vibrations. o '

~ Reactor 1mpedance ratio (X¢/X1) as mentioned elsewhere shall be aclneved'_
either by adopting single phase construct1on in separate tanks or by adoptmg 5
lnnb core construction. - :

Shunt reactors will be connected to'the 765/ 400kV transmission. lines for
react1ve load cornpensat1on and controlllng the dynarmc over voltage in the
system due to load rejection. : :

. Shunt Reactors shall be capable of operating contmuously at a voltage 5%
- higher than rated Voltage The thermal and coohng system shall be des1gned
- accordmgly . .

] Neutral groundmg reactor shall be prov1ded for grounding of the neutral point
of shunt reactors to limit the secondary arc current and the recovery voltage to

a minimum value. The NGR of switchable reactor may be by-passed durlng'

" _SW1tch1ng 11]/ out of the reactor

viii)

765kV reactor shall be subjected to sw1tch1ng surge over voltage of 1. 9 pu and
temporary over voltage of the order-of 1.4 pu for about 10 cycles followed by

* power frequency over voltage upto 830kVrms for about five minutes. The

reactor shall withstand the stress due to above transient dynamic conditions
which may cause additional current flow as a result of changed saturation
charactenstlcs/ slope beyond 1.25pu voltage ' '

400KV reactor shall be subjected to sw1tch1ng surge over voltage of 25pu and
temporary ovet voltage of the order. of 2.3 pu for few cycles followed by

. power frequency over voltage upto 1.5 pu. The reactor shall withstand stress:
- due to above transient dynamic conditions which may cause additional current
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' x1)

' xii)

Xii)

: xh_r) _.

XV)

flow as a result of changed saturatron characterrstrcs/ slope beyond 1.5pu |
voltage :

: 765kV reactor shall withstand the followmg over voliages of 1.10, 1.25 and. 3
' 71.50 of Uy for continuous, 1 minute and 5 seconds respectively repeatedly
- without risk of failure, where Maximum continuous operating voltage (Um)
' and Nominal voltage (Un) are SOONSKV and 765/\l3kV respectlvely

The crest value of the thlrd harmomc component in phase current shall not

g '_ exceed 3% of the crest value of fundamental when reactor is energlzed at rated
- voltage W1th sinusoidal wave form. .

| The maximum temperature on any metal part shall not exceed 130°C.

' The msulatron of core to bolts and core to clamp plates shall wrthstand a
E voltage of 2kV (rms) for 1 mmute :

The maxrmum allowable hot. spot temperatures and surfaee temperatures inthe

. magnetlc c1rcu1t shall be 1250C and 20 C respeetlvely

-The temperature of any art of the core or its support structure in contact wrth
-0il shall not exceed 120"C under normal operahon and 130 C under the most
_ extreme operatmg cucumstances N '

In-case of sub- statlon 1f spare reactor is enwsaged the same shall be properly

- erected on foundatlon oil filled and commissioned for long term storage

xvi) .

xvii)

Vlbratron and stress level of 765/\/ 3 kV reactor shall not to exceed 200microns

. peak to. peak at rated voltage and frequency: Average vibrations shall not' S
- exceed 60 microns peak to peak. Tank stresses shall not exceed 2. Okg/mm at
“any pomt on the tank The measurements are to be made at Un. - -

Sal1ent features fo’r 765/\/3 kv (1 phase) shunt reactor and neutral.reactor s

9 Shunt reactor (1 phase) (765/\/3) e

~ The sahent features for 765N3 kV (1 phase) shunt reactor are given in. Schedule '
—11(A) - . -

' b) Neutml reactor (765k1/)

. The sahent features for 765kV neutral reactor are grven in Schedule | l(B)
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Xviii) 'Salient features of 400/\/3) kV ( 1 phase), shunt-reactor and neutral reactor
'___a) Shum‘ reactor (I phase) (400/\/3) KV |

_ The sahent features for 400/\/3 kV (1 phase) shunt reactor are glven in Schedule
-12(A) |

' b) Neurral reactor (4007(10
' The sallent features for 400kV neutral reactor are given in Schedule 12(B)
5. 8..3_ - 'Momtormg ,systems and speczal equzpments Jor ICT and reactor (optzonal)

ICT or reactors of 400kV and above system shall add1t1ona11y be prov1ded (1f '
,requn'ed) '

- _7 i) On line 1nsulat1ng oil drymg system

“Each transformer or reactor shall be prov1ded with an on lme msulatmg oil -
- drying system of adequate rating in addition to provision of air cell in-

 conservators for sealing of the oil system against the atmosphere The system = B

~ shall be designed for very slow removal of moisture that may enter the oil
: system or generated dunng celIquse decomposmon :

ii)' ' On hne dlssolved hydrogen and moisture momtbring system .

Microprocessor. based on hne dissolved hydrogen and moisture momtormg

system shall be prov1ded to detect-and measure dissolved hydrogen and water

content continuously even at very low concentrations in transformer oil. The
- monitor shall be suitable to detect and measure dissolved hydrogen in ppm,

without significant interference from other fault and atmospheric gases. The

monitor shall provide water content measured in ppm or percentage relative.
; 'saturatlon (RS). :

- 111) _ .Flow sensitive conservator isolation valve

" In order to restrict the supply of oil in case of a fire in transformer, flow
- sensitive - conservator ‘isolation valve- shall be provided to 1solate the
conservator 011 from the mam tank

In case of flow of oil from conservator to main tank is more than the normal
. operating conditions, the valve shall shut off by itself with provision of
manual reset. The valve shall be located in the piping between the conservator
and the buchholz relay and shall not affect the flow of oil from and to the
conservator in normal conditions. It shall be provided with valve open/close
- position indicator along with alarm indication in control room during closing
. operation of valvé. This valve shall be provided with locking arrangement for
: normal posmon and oil filling/ filtration posmon '
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. i'v)' Optrcal sensors (for SOOMVA 765/ 400kV ICT 765kV reactors)

Adequate number of optrcal temperature Sensors (at least 8 numbers) shall be

. “fitted with' each transformer/ reactor unit. This optical sensor measuring

system- ‘shall be of direct measurement non-calibrating type. All the sensors

- .. - .shall be brought out to individual cooler control cabinet to facilitate
- measurement of temperature "The measuring unit shall retain temperature data -
- _.for at least 30 days and shall have facﬂlty to download

7 v) 011 storagetank

_' The oil storage tank (minimum capacity of 20m° with 2m diameter) along with
‘complete -accessories including a self mounted centrifugal oil pump for

- transformers/ reactors shall be prowded conforming to Indian Standards for

. storage at a temperature of 100°C

C. The oil storage tanks shall be ‘towable on

_- pneumatlc tyres and rested on manual screw jacks of adequate quantity and -
~-size. The tank shall be cylindrical in shape and mounted honzontally and " =
: made of mrld steel plate of adequate thickness. - R

__The tank (ﬁtted with manhole outside and inside access ladder 51l1ca gel

breather assembly, inlet and outlet valve, -oil samphng valve wrth suitable

adopter, oil drainage valve, air vent, pulling-hook on both ends of the tank
etc.) shall have adequate number of jacking pad so that it can be kept on jack .

while completely filled with oil. The tank shall be prov1ded ‘with suitable
saddles: $0 that tank can be rested on ground after removing the pneumat1c .

| v tyres.

The accessories shall mclude su1table rubber hoses (four numbers of S0NB
and two numbers of 100NB) with couplers and unions each not less than 10m

o long a;nd one number of drgltal vacuum gauge wrth Sensor.

- -vl) 01l sample bottle _ |

B 011 samplmg bottles (capacrty of one lrtre) shall be provrded to collect oil -

samples from transformers and reactors for dissolved gas analysis. The design
- of stainless steel oil sampling bottles shall be such that loss of hydrogen shall

not exceed 5% per week. An nnpermeable oil-proof, transparent plastic or
rubber tube. of about Smm diameter and of sufficient length shall also be - -

-provided with each bottle along with suitable connectors, heat resistant

- borosrlrcate glass syrmge and three way stop cock valve

584

: Deszgn revzew of power transformer and reactor

: Des1gn Teviews shall be conducted by Owner at drfferent stages of the

procurement process for transformer and reactor of 765kV. The design review

shall be conducted generally following the “Guidelines for conducting design
reviews for transformers 100MVA and 123kV and above” prepared by CIGRE
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SC 12 Working Group 12.22. However the entire responsrbrhty of desrgn shall
E be wrth the manufacturer. _

The de51gn rev1ew shall at Ieast include the following :

e Core and magnetlc design
- - Winding and tapping design
" - Short-circuit withstand capability
- Thermal design (mcludmg review of locahsed potent1ally hot area)
© - Cooling design . -

- Overload capability

' - Eddy current losses

i)

- Seismic design (as applrcable)

* - Insulation co-ordination. -

- Tank and accessories

. - Bushings and barrier des1gn

- Tap changers

= Protective devrces

- Fans, pumnps and radiators -

" - Sensors protective devices-its locatlon ﬁtment and level of redundancy
- Oil and oil preservation system.

- Corrosion protection

- Electrical and physwal 1nterfaces with sub -station
. - Earthing

- Processing and assembly -

- - Testing capabilities
- Inspection and test plan

- Transport and storage

- Sensitivity of design to specrﬁed parameters

- Acoustic noise - :
- Spares; mter-changeablhty and standard1zat10n '

- Mamteunabllrty o

Wave trap

Wave trap (W T) shall be outdoor type suitable for mountmg on post msulators/

_CVT/ suspension type. WT shall be eqmpped with suitable bird barriers and shall

be provided with smtable corona rings to meet corona and radio mterference
performance S

" The wave trap shall be broadband tjfpe tuned for its entire carrier frequency

range. The resistive component of impedance of the line trap within its
bandwidth shall not be less than 450Q for 765/ 400kV system and 570(2 for 220/

| 132kV system

The coil of wave trap shall tolerate short circuit current of transmission line and.
shall withstand the mechanica] stress resultmg from it. HF tumng eIements shall
be placed in a separate sealed unit. :
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= The ‘wave trap shall have a protective dev1ce such that temperature rise of the
" magnetic field of the main coil at continuous rated current or rated short time

current shall not Tesult significant alteration in its protective function and/ or
phys1cal damage. The protective device shall neither enter into operation nor -
remain in operatlon following transient actuation by the power ﬁequency voltage

o developed across the wave trap by the rated short time current.

The protectlve devrce in the forrn of surge arrester shall be gapless or gapped

" -type. For  proper co- -ordination “with - the surge arresters installed in the
L sw1tchyard its rated dlscharge current shall be IOkA : '

i)

i)

- iv)

6.0

-Dzesel ggnerat_or

" In case of thermal/ hydro power. Vprojeot no’ Separate DG set shall be
.. envisaged; however, emergency AC supply shall be fed from main plant chesel '

generator (DG)

: In case of sub-station one number of IOOkVA and 250kVA DG set complete '
“with Automatic Mains Failure (AMF) panel and other accessories shall be -
“provided for-132kV and 220/ 400kV sub-station respectively. For 765KV

substation alongwith 400/ 220/ 132kV sub-station, DG set of 500 kVA rating

“shall be provided. It shall be possrble to start/ stop DG set ﬁom remote and }

local.

| Dresel engme Altemator AMF panel, batteries and chargers shall be 1nstalled: '
* outdoor in a suitable weather-proof" enclosure, which shall be provrded for'
- proteetron from ram, sun, dust ete. : . T '

‘The net output ratmg of DG shall be 100/ 250 or SOOKVA ISOORPM 0.8Pf, -

415V, 3 phase, 50Hz considering de-ration for engine and alternator separately |

- due 1o temperature rise inside the enclosure and on account of power reducuon
~dueto aux111ar1es

' "-DG set shall also be rated for 110% of full load for 1 hour in every twelve hrs -
~of contmuous runnlng . : :

SUB-STATION/ SWITCHYARD CONTROL AND MONITORING -
| SYSTEM:

. The follomng equ:lpment shall be provrded for swrtchyard/ sub-station control

. -and monitoring system which are apphcable for all types of sub-stations/

6.1

smtchyards (AIS/ GIS/. Hybnd)

Sub-statwn automation system

. Sub-station automation system (SAS) workstations, equipment/ panels/ -

marshalling cabinets etc. for.765/400/220/132kV switchyard (whichever is
~ applicable) shall be located in a control room. Alternatively, only . work -
- stations can be located in the control room and remaining equipment may be
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iii)

_ --located in a1r—cond1t10ned kiosks (AC klOSkS) prov1ded bay-wise in the

_smtchyard/ sub—sta‘uon i

' SAS shall be an mtegrated system to carry out control, monitoring, proteotlon '

metering and communication functions of all 765/400/220/132kV ‘feeders.

- "SAS shall have extensive range of system control and ‘data acquisition

(SCADA) function. SAS shall be based on IEC 61850 and TEC 60870-5-104 -

protocol. All devices shall be compatible to the above protocols. SAS shall
* have the capability to link w1th local dispatch centre (LDC) for avaﬂablhty

based tariff (ABT) and energy management

' -The equlpment in. general not lnmted to the follomng shall be provided for -

SAS:

- 2'no. Human Machine Interfaces (HMDs) with 21 inch TFT monitors as

b Operator Working Stations (OWS); in sub-station/ switchyard control room.

" (in case of thermal/ hydr_o statlons, one HMI shall also be prov1ded in- Main -

; -Control Room of units)

1 no. HMI w1th 21 mch TFT momtor as Operator—cum—Engmeenng—Work '

L Statlon (OES)

.- BAS panels compﬁsing of control, mteriock and protection for each feeder,

bus-bar protection, tariff metenng panels Global Pos1t10mng System - (GPS)'

' for tnne synchromzanon

- Marshalhng cabmets
- Connnumoatlon lmks and Ethernet Prmters Scanners etc.

- Un—_1nterrupted Po_wer Supply (UPS)

. The entire sub-station/ switchyard shall be controlled and supervised from
 HMI. The priority shall always be on the lowest enabled control level. Clear

control priorities shall be provided to prevent simultaneous operation of any

- equipment at the same time from more than one control levels (AC kiosks,
» "Sub statlonf sw1tchya:rd control room, main control room) :

'SCADA shall be adaptabIe to any system changes viz. aetual sub-statlon/
- 'smtchyard conﬁgura’uon, voltage levels etc. . .

_Com‘rol zm‘erloclg prorectlon panels _

Wherever more than one voltage levels (e g. 765kV and 400kV or 400 kV and
220/132kV) are env1saged “separate panels shall be provzded for d1fferent

E Voltage levels.

- The panels shall be of sirnpiex type and integral part of SAS to provide

control, supervision, protection and interlocking for line, bus-coupler, by-pass,
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i)

6.1.2.

station t:'ransforme'rs generator transformer and ICT feeders including bus-bar

" (BB) and local breaker back-up (LBB) protections of the switchyard at each :

voltage level.

The panels shall include 'ne'cessarj control switches, bay control units' (BCU),_ '

" indicating lamps/ LED’s, indicating meters, instruments, mimic d1agram/-
: module annunciation equlpment etc. for the various feeders. - :

Air. condmoned kwsk

In case AC klOSkS are env1saged the same shall also be prov1ded for control, -
protection purpose described above. The kiosk shall be provided with fire -

alarm system with minimum two detectors and it shall be monitored by SAS.

‘The air conditioner for the kiosk shall be controlled and monitored by SAS |

+ also. In case, space is not available in the existing kiosk, one additional kiosk

for bus bar protection and also the PLCC system shall be located at suitable

. location in sw1tchyard

i)

K1osk shall be made of ‘.‘sand’mch insulated panels” 80mm thick ‘with poly- '

- urethane foam (PUF) as filler matenal between polyester pre coated cold

rolled steel

‘The msulat1on charactenstics of PUF materlal shall conform to followmg' .

'nummum requlrement
SN : _ betaﬂs ' R Uait ' Para:tteters-
_1)7'..Thi.ckness I v TV S
. T Densny . — _'kg/ﬁf“ T )
3j .7 Compresswe strength — kg./ cm® - 1.2
| 4) i Tensile _strength_ ' | kg/ m’ “ 3.6 '
| : 5.)... ' Bendil]g strength » _ .kgl m2. 40
6 Adhesion_strength g 29
N Dnnensmn stability ' T :
1 -at-25°C % 0.1
-at 38°C % 04
8) Temperatttre range. : _.OC .. -lS 095 -
19| Thermal oo_ntluctivity _ .keaUhi/aal“C 0.02_

2%
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10y | Fireresistance: . Jmm <125 __
Hori_zontal burn (BS 4735)
11) | Water absorption (@100%RH) :% — 02
| 12) ] Vali_our.penneabi]_ity. B g/hr/n’ 0.0870.12
| 13)' .Selfextingui.shing : .. - [ Yes |

B The thickness of the inner and outer steel sheet except ﬂoor panel sheet shall .
~ be minimum 0. Smm and 0.6mm respectively The outer bottom sheet shall be

~ hot dip galvanised steel sheets of minimum 1. Omm thickness to avoid rusting -

at bottom. The sandwich panels shall be manufactured by high pressure

injection techmques Each kiosk shall be installed with environment control

- system compnsmg of two units of air conditioners working in conjunction

_' through a rmcro processor based controller for desrred operation

The system Shall be de51g11ed for 24 hours 365 days of the year to maintain
inside kiosk temperature for proper operatlon of critical equipment. One of the

. air-conditioner shall be running at a time and on failure of the same, the other
‘unit shall start automatically. To ensure longer life of the system, the

redundant units. shall also be runmng in" cyclic operation through the

- . controller. However, during running of one air-conditioner unit, if inside. _
. temperature ‘of the shelter reaches to a predefined (i.e. 35°C) the other unit
 shall start running to maintain the temperature to specified value (i.e. 23 +2°C)

vi}-

Vi) -

‘and gives-alarm. After achievmg this temperature, the other unit shall again
' _shut off. ' : . _

- __The air conditioning unit shall be completely_self-contained. All components

of the units shall be enclosed in a powder coated cabinet. The unit shall be
assembled, wired, piped, charged with refrigerant and fully factory tested.
Suitable isolation or other by-passing arrangement shall be provided such that

“any unit/ component could be maintained/ repalred ‘without affecting the
'runnlng Standby unit. The mamtenance of unit shall be p0551ble from outsrde

the klOSk

The' cdmpressor shall be herrnitically sealed scroll type. 'Compr'essor shall be

~ mounted on vibration isolated moun‘ungs Valve shall be prov1ded for_
a chargmg/ toppmg up of reﬁrgerant :

viii)

The klOSk shall be erected minimum 300mm above the ﬁmshed ground level _' '

on pedestal to av01d any water ingress.

| 'T_he leSk shall be provided with dust and rain protection and air tightness.

Metering .

kV kA, MW, MVAR pf, Hz, measurements (in general) of the feeders shall'

be prov1ded in the SAS panels/ AC kiosks.
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i)

The energy meters for tariff metering shall be prov1ded as per “Central
Electricity Authority (Installatlon and Operation of Meters) Regulation, 2006”
as amended till date.. The accuracy class shall be 0. ZS or better as strpu]ated in

- the'above regulatron and its amendments

The locatlon of the energy meters as per the above regulatlon shaIl be as
follows: _ _

;_ " ‘Main and Check meters on all 'lme-feeders '

- Standby meter on HV side of all generator | transformer feeders

- Standby meter on HV side of all station transformer feeders

- Mainand Standby meters of all ICT feeders

614

Protectzons. :

The 'Intelligenc‘_e. E_lectronie Devices (]EI)’s)' shall'-proride"numerical electrical
- protections of all the feeders. However, part of the protections for generator .
- transformer bay i ina generatmg station may be implemented in main control -

= _room of the ‘unit. All the protectlons shalI be prov1ded on all three phases -
. unless stated otherwise. _ =

‘The numencal protect1on shall be prov1ded with contlnuous self-momtonng
‘and cyclic test facilities. The internal clock of the system_ shall be
_ synchromzed usmg synchromzmg pulse from Tnne Synchronlzrng System.

Al numenca.l protee‘nons shall be prov1ded Wlth settmg ranges, accuracy,

resettlng ratio, transient overreach and other charactenshcs to prov1de requlred
sens1t1v1ty : _

" Each numerical protection scheme shall have a serial interface on the front for -
" local communication through PC and printer. At least one more RS485 serial -

ports, working on an open protocol like MODBUS or IEC: 60870 5-103, shall

- be prov1ded for remote commumcatlon data transfer etc.

Facﬂl‘nes shall be prov1ded to access each dtscrete protectron funet1on through. -

. OWS and OES. A print out of all settings, scheme logic, event records etc.
“shall be accessible. Display’ of various measured parameters during normal as

well as fault condition on segregated phase basis shall be provided. In addition - .

" to the above, LEDs and -back lit LCD screen shall be provided for visual

indication and display of messages related fo major trips/ alarms. Necessary '
multrlevel password protectlon shall be prov1ded

The sampling rate of analog-lnputs, the processing speed and processing cycle

of digital values shall be selected so as to achieve the operating times of

various protection functions, In case all the necessary protections are not a part

‘of the standard numerical protection scheme, separate discreet numerical

protection shall be provided for the same. -
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The protection system shall be arranged to provide two independent, thh
performance and reliable systems with separate, monitored DC supplies,
“separate CT, VT cores, separate cables and trlp relays to obtaln 100%

redundancy

Necessary auxﬂlary relays, tlmers, trlp relays, ete. requlred for 1nterlook1ng,

: -aIarm logglng, etc. and completeness of the scheme shall be provided.

.- Relays shall be prov1ded with self—reset contacts except for the trip lockout
relays and interlocking (contact multiplication) relays, which shall have hand- -

reset contacts. However, for remote operatlon eIectrlcal reset type relays rnay
be adopted -

Smtable measures shall be prov1ded to.ensure that tran31ents present in 1 CT and

VT connections due to extraneous sources. in high voltage system shall not

. ~damage to the numerical and other relays. CT saturatlon shall not cause any :

xi)’

3 mal-operatlon of numencal protectlon

Only DC/DC converters shall be prov1ded in the numencal protectlons )
wherever necessary to-provide a stable auxiliary supply. If SMPS systems are

* provided, the noise-generated by it shall not affect the function of the'
'protecnon DC batteries shall not be acceptable : S

. 6 14.1 Lmes feeder protectzorzs

i)

"The line feeders shall be provided with numerical distance protection alongwith
- other necessary protections viz. over-current, over-voltage -etc. The dlstance

protectlons shall have but not lnmted to the following features: -

- Stepped tnne-d1stance cha:ractenstlcs and four or ﬁve mdependent zones

- ‘Mho or quadrilateral or other suitably shaped charactenstlcs

- Adjustable characteristics angle setting

- Independent continuously variable time settmg range for each zone -

-~ Variable residual compensation

- ‘Switch-onto-fault (SOF) with memoty circuits and defined charactenstlcs
in all 3-ph and to operate mstantaneously on closmg of circuit breaker to-
zero-volt 3-ph fault '

o :-_' * ‘Weak end in-feed feature

- Suitable for 1-ph and 3-ph tripping

- Suitable for use in perrmsswe under-reach/ over-reach/ blockmg
. communication mode

- Power swing blocking feature

- Auto re-closeing

-~ Check synchromsatlon
.= . " Dead line charging features

- Over Voltage protection
- ‘On-line’ type Dlstanoe to fauit locator
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if). The line feeders shall be prov1ded wﬁh followmg minimum protectlon;
functlons : :

_a) For 765/ 400/ 220kV line feeder

= Main-I non—swrtched drstance protection (Wlth carrier aided
scheme)
= Main-II non- sw1tched dlstance protectlon (W‘lth carrier aided
Lo scheme)
- ; Dlrecnonal phase over current and earth fault protectlon (2 sets” -
- for 765kV and 1 set for 400/ 220/ 132kV). '
- Over voltage (two . stages) protectlon (2 sets) (Protectlon
applicable for 765/ 400kV only) - IR . _
c- Local breaker back-up protection. '
- Under voItage protectlon (for isolator mterloclong purpose)

By For 132k lme feeder

Dlstance protectlon (surtable for carrier a1ded protecﬁon scheme)
- Directional phase over current and earth fault protectlons

Local breaker back-up protection -

Under voltage protec‘uon (for isolator mterlockmg purpose)

6142 Bus shum‘ reactor LGe with neutral reactor (- 765/ 400kW protechons
' _ -Followmg minimum: protecnon functions for shunt re_actor.

- _leferentlal protectron Maln-I

- Differential protection ~ Main-IT - : -
= ‘Back-up impedance (Mho characteristics) protecuon
- .. Restricted earth fault protectlon _

6.1.4. 3 Bus—coupler feeder protecttons

.FoHowmg nnmmum protectlon functlons shall be prov1ded for bus coupler o
' 'feeder : :

- Instantaneous - over current protecl:lon The mstantaneous over current -
protection units (high set) on two phascs (R, B) for phase to phase and three
. phase faults and one instantaneous over current protection unit (high set) for zero
" sequence current to cover all phase to ground faults shall be provided. Lmks shall

- be provrded in the trip circuits to dlsconnect these protectlons _

- Instantaneous over current protection: _The mstantaneous over current
protectlon units (low set) on two phases (R, B) for phase to phase and three
phase faults and one instantaneous over current protection unit (low set) for zero -

- sequence current to__cover all phase to ground faults shall be provided. Links shall
- be provided in the trip circuits to disconnect these protections.
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- Local breaker back—up protectlon

6.1.4.4 Statzon tran.sybrmer feeder protectzons for 400/ 220/ ] 32kV .system (applzcable
for rhermal plants) S

Followmg minimum protectron functions for stanon transformer feeder

- . Drﬁ‘erentlal protection (2 nos for 400kV system only)
- Over-fluxing protection
- Restricted earth fault protection
= Back-up ditectional over current protectlon
o= Over load protection . .
R Local breaker- back-up protectron '

6. I 4.5 Inter-connecﬁng auto-tmnsﬁ)rmer (ICT) feeder prorec'tioﬁs:_
- Follbwingr Iﬁininlmnprotection functions shall be provided for ICT:
L&) 765/ 400KV side:

' Llne differential protection (Wherever requlred)
ICT differential protection _

- Directional over current and earth fault protectlon

= Over load protection

' Restricted earth fault protection

Over-fluxing protection

- Local breaker back-up protecnon

by 220 or 132kV side:

- - ICT dlfferentlal protection (refer above)
- Directional over current protection and earth fault protection
S _ Restricted earth fault protection (refer ‘a’ above)

- Local breaker back-up protectlon .

o 33kV side:

In case 33kV Wmdmg of ICT’s is loaded with 3-ph reactors the same
- shall ‘be connected through circuit breaker. The following minimum
" protections shaﬂ be'provided on the 33kV side of ICT and 3_3kV,reactor: _

- ICT differential protection (refer ‘@ above)
- Reactor differential protection -
- Reactor over current and earth fault protection
- Restricted earth fault protection (refer ‘a’ above)
- Neutral displacement protection . to be connected to open delta
' Wmdlng of 110V of voltage transformer
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. 6 J 4. 6 Local breaker back-up (LBB) protectzon

LBB protectlon as mentioned above shall be provided for 765/400/220/ 132kV
circuit breaker. This will isolate the respective bus-bar through its bus-bar

. protection trip relays and equipment, whenever its associated protection has
 acted but the breaker failed to open duc to any reason. The protect1on wrll also
cover faults between post mounted CT’s and associated breakers. . '

614 7 Bus—bar protect:on

oy

i)

i)

'Each bus-bar shall be provrded with a hlgh speed bus -ZONE. drﬁ'erentral -
. protection. The protectron shall have high through fault stability and adequate

sensitivity for internal faults. The scheme shall also mclude a check feature/
redundant busba:r protectlon

_The output—tnppmg relays for the bus bar protectron shall be hand reset type and

one no. relay shall be provided for each feeder and two (2) numbers for bus- -

RN coupler feeder for trrppmg the breaker.

. Necessary relays for momtonng the contmmty of the CT secondary shall also be
: prov1ded _

6 1 5 Phase Momtormg Umt (PMU)

- 6.1.5.1 Supervrsory Control and Data - Acqmsmon System (SCADA)/ Energy

Management System (EMS) technology presently available is capable of .
providing only steady state view of the power system. The ‘Wide Area

" ‘Measurement System’ (WAMS) facilitating dynamic real time measurement
. and visualization of power system are being implemented to control, monitor
~and tackle emergency. situations of the gnd to enhance availability and

rel1ab111ty Synchrophasor measurements using Phasor - Monitoring Units

(PMUs) alongwith Fibre Optic connectivity and communication equipments

shall be provided on sub-stations at 400kV and above levels and switchyard of -
generating stations at 220KV and above levels as per the report of PGCIL on
‘Unified Real Time Dynam1c State . Measurement’ (URTDSM) system

o 1mplementat10n of Wlf]lCh is in progress in the country.

-_T;he _drspersely l_ocated PMUs shall communicate with “Phasor Data

Concentrators (PDCs) installed at certain strategic location at State, Regional

- and National levels. Various analytical tools, visualization sofiware package .

" available at PDC levels shall be used for monitoring the entire inter-connected

- grid on real time basis, which are useful in monitoring safety and security of

- the grid as well enable i in taking control/ correctlve action in the new regnne of
: gnd management :
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| 615 2 Salzent ﬁfzatures of PMUs :

" The PMUs alongwrch necessary testmg and conﬁguratlon shall be supphed .

.. and preferably be located near the control and relay panels. The CT/ CVT

" connections shall be extended from the control and relay panels. The PMUs
Shall conform to IEEE C37 118 and meet the following requlrements

o i) The PMU wﬂl be standalone in the sub statlon/ switchyard control rooms/ _
V'relay panel room . . _ s

ii) The PMU" shall measure the electncal parameters in the power system' |
'-ﬁequency band of45-55Hz. - o

D) The aux111ary power to PMUs shall be from sub statlon/ smtchyard DC e
o supply ' A : .
._ _iv) “The PMUs shall b.e' proﬁded with minimum configuration of 9 analog
. input channels (1 set of 3-phase voltages, 2 set of 3—phase currents) and 8
L dlgltal inputs. - _ : '
V). The PMUs shall measure the foliowmg

_'- —phase posmve sequence voltages as magmtude and angle (Polar
. form) quantltles .

- 3-phase pos1t1ve sequence currents magmtude and angle (Polar form)
quantities . o _

Vi) Integratlon of PMU to PDC shall conform to IEEE C37. 118 for -
- .commumnication _ : _ _ :

' v1) The PMUs shall be smtable for conﬁgunng the data sampling rate of 10, |
25,50 samples per second. Actual rate shall be user selectable '

- -vii) The PMUs shall have conttnuous self momtonng, d1agnostlc feature and -
~. capable to identify and communicate problems and shall generate alarm in

. case of any abnormality which shall be d1splayed locally and shall be
'transferred to the PDC also o

.v111) There shall be provision for HMI (Human Machine Interface) inPMU to
perform setting changes. Altematlvely, portable conﬁguratlon device for
PMUs may be prov1ded

1x) Remote conﬁguratlon facﬂlty shall be prov1ded in PMU.

'x) The PMUs shall comimunicate with PDC on Ethernet interface.
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x1) GPS based tune facﬂlty shall be prov1ded to synchromze PMU clock w1th
tnne accuracy of atleast 1 mlcrosecond i _ o

- xii) For multiple PMUS ata sub statlon/ swrtchyard the router w1th ﬁrewall '
shall be prov1ded ' :

. 616

Unmterrupted Power Supply

4Unmterrupted power supply (UPS) at 220/ 110V AC smgle phase of solid-state
. SCR/ Power Transistor type, continuous duty having overload capacity of 120% -
-of rated capacity at 0.8 pf for 2 minutes and with battery back up of 30 nnnutes :

for the SAS system shall be provrded

The battery shall be statronary, hrgh drscharge pocket plate Ni-Cd type. The
- rated ampere-hour capacity of cell/ battery shall be at reference temperature of
 27°C, constant current drscharge at 5 hour rate (Cs) and end cell voltage of

- 1 V/cell

i)

100% ﬂoat—cum-boost charger solid state type mth full wave fully controlled 3

- phase bridge configurations shall be provided. The charger shall be provrded
- with automatic voltage regulation, current limiting, smoothing filter circuit and

soft start feature. The output voltage of the charger shall be regulated within £1%

- of the set value for any load variation from 0 to 100% for specified AC input

62
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voltage and frequency Vanatrons The ripple content in charger DC output shall .

~ be limited to ﬂ:l%

Power Line Carrzer Cammumcatton (PI.CC)
Power Lme C’arrzer Commumcatzon G’LCC) for 400/ 220/ 1 32kV system

a). PLCC shall be used for communication link between 400/ 220/ 132kV
switchyard of thermal/- hydro power plant and interconnecting sub-stations

“through 400/ 220/ 132KV transmission lmes PLCC panels shall be located in

. - the control room of in AC kiosks

o PLCC equlpment compnsmg of not 111111ted to the followmg shall. be prowded

P Couphng dev1ces (Lme matchmg umt and protectlve dev1ces)

- Coupling filters

- High frequency cable

- Power line carrier terminals
- Private Automatic Exchange

R 48V DC powet supply equipment
- Wave Trap for the above transmission lines

b) PLCC lmk shall be provided Wlﬂ'l carrier protectlon of the transn:ussnon
' hnes with tele~meter1ng and speech communication in dialing mode.
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Wave trap shall be inserted into the transmission lmes to prevent undue loss of |
camer 51gnal for all power system conditions.

c) PLCC eqmpment requtrements

iy - Couplmg dev1ce (Line rnatchmg umt and protectlve dewces) shall be _
interposed between the CVT and the connect1on line (co-ax1al cable) to the
' PLCC terminals to ensure:

- The efﬁc1ent transrmssmn of s1gna1s from the connectlon lme to the lugh
-Voltage line and vice versa. : :

- The safety of personnel and protect:lon of low voltage parts of the installation
against the effects of power frequency voltage and over voltages Phase-to— _
phase couplmg is to be adopted . : . :

ii)' ' Couplmg ﬁlters in con_]unctlon mth ‘the capac1tor of CVT shall-
" constitute a .broadband - pass filter. The characteristic impedance of the -
~ associated transmission line shall match with the impedance of the connection
line for PLCC transnntter/ receiver : :

- 111) The prlmary of the couplmg umt shall have low lmpedance at the
. operating frequency of the transmission line (50Hz), so that the ‘capacitor
: chargmg current (drainage of chargmg current) of the CVT is grounded '

o 1v) _ The matchmg transformer of the couphng device shall be provxded with - .
. galva:mc isolation  between input and output c1rcu1ts and shall mthstand a test. .
g Voltage of atleast 31{\/’1-ms for 1 mmute : :

v) The couphng device shall be provided with a protective device to protect -
the camer equlpment agamst excess Voltage on defective CVT

vi), _. A surge arrestor (SA) shall be connected dlrectly between the pnmary.

~ and earth terminals to protect the coupling device and the carrier frequency

connection. The surge arrestor shall have power frequency spark over voltage

B -co—ordmated wu.h the eqmpment ahead of 1t

Vi) The couplmg dev1ce shall onform to the following carrier frequency
operatmg cha:actertsucs between phase to earth couplmg units :

11}~ | Nominal nnpedance : S0 lSO (for balanced secondary circuit) -
* | (equipment side) ° 75 (for unbalanced secondary circuit)
12) | Maximum compositeloss | dB {2 : :
3) | Transmission band kHz | 40to 500

viii} - The composite loss is the power loss in the carrier signal after passing

through the coupling devices alongwith CVT’s. Coupling unit shall be loaded

“with its pnmary and secondary unpedance whlle capacitor is assumed to have

no loss. : - '
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ix) The capacrtance of the CVTs with which the coupling unit is to be used ~
for the above transrmssmn_ band shall be prov1ded by the manufactu_rer

: x) * Two no. phase to earth coupling units shall be capable of inter-phase or
.. inter-line couplmg In case any separate matching transformer or matchmg unit
s reqmred the same shall be acceptable

'x1) Sultable earthmg switches for groundmg the low voltage termmals of
- CVT for carrylng out marntenance or any other works on couplmg unit shall be
- provrded . .

x11) . The coupling device shall be suitable for outdoor mountuig and shall be
fitted on the - steel - structure. Temperature of metallic equtprnent mounted
: outdoor is expected to rise e upto 65 ‘C with amblent temperature of 50 C '

E xm) - The connectlon between couphng dev1ce and CVT shall be wﬂh 6mm .

. copper wire tapped w1th L1kV msulatmn tapes.
o Xiv) Ratmgs and reqmremem‘s of PLCC termmals _ |
' The ratmg and requlrements of PLCC termmals are given in Schedule 13

| xv) Hrgh frequency cable shail be provrded to connect couplmg “unit

B mstalled in the swrtchyard to the PLCC terminals installed indoors.

-The cable shall be lead sheathed and round steel wire armoured The cable shall
.~ be insulated to withstand a test voltage of 4kV rms for one minute between
. conductor ‘and outer sheath. The high frequency co-axial cable wrth 75(2

; nnpedance (unbalanced) shaIl also be acceptable _ : :

The Values of attenuatron per km of the cable at Varlous valuesl of carrier
. ﬁequencles in the range of 40 KHz to 500 kHz shall -be prov1ded by the
= manufacture ' . o o

The maximum attenuation at various frequencies sh_all be as follows:

Frequency (kHz) . S Attenuatmn (dB/km)
10 .08
60 14
S 300 0 . 33
500 ' | LAT

The cable shallllbe supplied on d'rl.l_rn.lengths of 500 or 1000 rneters.

~xvi) PLCC terminals Single side band PLCC terminals of Tatest version

o equipped for fixed frequency duplex system working shall be provided for

superrmposed channels (multlpurpose) for speech and protectron purpose. The
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6.2.2

i)

"PLCC terminals shall be provided W1th HF hybrld filters and shall have

necessary frequency stablllty so that adjacent channel working is possible.

'xvn) The PLCC termmals shall be prov1ded with emergency call facﬂrtres
.from the carrier sets for point to point carrier communication with telephone set .
: smtable for hanging inside the cabmet :

Power Lme Carrier C'ommumcatzon (PLCC) for 765KkV system ..

Digital power line carrier communication (DPLC) conforming to latest IEC or
equivalent - standard ‘shall-be provided for 765kV system. DPLC shall be

‘suitable for use with the outdoor equipment viz. line traps, CVT, couplmg .

dev1ce HF cable as described in analogue PLCC described above.

o DPLC w111 pnmanly be prov1ded for speech and data services. PLC- terminals
~ . shall be fully co- coordmated to match with the spemﬁc requlrement for .-

transmlssmn/ receptlon

: General Techmcal Data
- a) Carrzer ﬁequency section of DPLC termmal |

: The PLCC equlpment shall support DPLC mode of operatlon whlch shall be

- software programmable via PC/ Notebook. -

. Modulatlon and codlng shaIl be implemented as Soﬂware furlctlons in digital
signal processmg (DSP) technology. Transrmssmn mode shall be of duplex :

: Workmg type. -

The nommal carrier frequency shall be prograrnmable from 40 to 500kHz

IIll].'ll].'I’ll]IIl

' The carrier frequency stab111ty shall be equal of better than ﬂ:lppm over the |

o oper atmg temperature range

" The nominal bandw1dth for transmitting or rece1v1ng shall be programmable'_ _

'. - from 4 to 8kHz in steps of 4kHz. DPLC terminal at bandvndth of 4kHz shall -

be sultable for followmg conﬁguratlon

- Speech + 4x 200 Baud Data (mlmrnum)

. The modems for the above requirement shall be supphed with DPLC
: and shall be an integral part of the equipment. ' :

- ' Transmrt (Tx) and. receive (Rx) bands shall be configurable for

‘adjacent or non-adj acent operatlon
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- Transmit output power shall be user programmable for 10, 20 or r 40W
PEP (Peak Envelope Power). However, minimum 80W PEP transmit

power shall be supplied for achieving desired SNR in 765kV long_ E

: 'transrmssmn lmes (more than 300km) to overcome the noise..

- The nomlnal output 1mpedance shall be programmable as 75 or 125€)
unbalanced or 150 Q balanced as an optton

- o The return loss in the transm1tter band shall be >1 OdB

- , . The'tappmg loss_ shall be <1.5dB (as per IEC_:60495). =
| :_ _. Tﬁ_e AGC range of _the.rece_iVer shall be 4.0dB (mmnnum)
j b | System operatzon . o

. The PLCC eqmpment shall be programmable via Laptop PC# Note book/
- Human Machine Interface (HMI)/ Graphlcal User Interface (GUI) based on
MS Wmdows OS B

 The PLCC system shall facilitate the programming and. momtormg of the-
_ DPLC terminals i in the standard GUI/ HMI (Human Machme Interface)

_ Programmmg software shall be mcorporated in the HMI for momtonng and
programmmg of the PLCC terminals. One number Laptop PC Wlﬂ'l above ’
programmmg software shall be provrded ,

: '_Potentlal free contact shall be made available for momtonng critical alarm/__
- link failure of the DPLC. The potential ﬁee contact shall be su1tab1e for rated -

‘ voltage ofO 1A, 220V DC.

' 'c) : Speech (vowe szgnal) transmzsswn -

' In d1g1tal telephony the data rate of compressed telephony shall be ﬁeld' _'
: programmable usmg PC/ Notebook for each telephony channel .

: Speech interfaces shall be conﬁgurable as 4—W1re E&M 2- W1re FXO or 2-w1re >
FXS. _ . _ :

.Inter-channel crosstalk shall be comphant wrth IEC60495 | _
A compander accordmg to ITU- T G.162 shall be conﬁgurable via HMI for
each speech channel. The digital PLCC shall be suitable for connection to -
PABX for speech reqmrement .
- A service phone shall be prov1ded with each PLC termmal multlplex with the.

main speech channel. -
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d) Broadband Data Transmission

The PLCC terminal shall be provided with an integrated -modems for

broadband/ high speed data transmission. Transmission speed and spectral
‘bandwidth shall be programmable via PC/ Notebook.

. The gross speed and transmission bandvtndth shall be programmable for up to

28. 800kb1t/s in 4kHz spectral bandmdth up to 72kb1t/s in 8kHz bandwrdth

- . The data rates shall be selectable in steps comphant with commonly used
I standardlzed data rates such as 1200 2400, 4800 and 9600Bauds

The system shall support automatic transmission speed adaptatmn (DSA- .

dynamic speed adaptation) in at least 2 user-defined steps, self-adapting to the
prevailing line condition (noise and interference) 1In case of decrease of SNR,

_' priority shall be given to data over voice. However unmterrupted flow of data
3 shal] be ensured gven at a level of SNR —25dB : :

- The broadband modem shall provrde a facrhty for automatrc detectron and
o suppressron of na:rrowband mterferers

"e) '_ ._ Dara multzplexmg

| _ The PLCC terminal shall be provrded with an internal multlplexer for the time

division multiplexing of up to 8 serial data channels which can be ailocated S

h md1v1dua11y to the internal modems

i.Data ports shall be comphant Wlﬂl V. 24/V 28, RS232 and/ or V. 11/ X.21/
- X.24 s per functronal requirement. :

- All data ports shall be electrically isolated from ground and against each other.

.~ An ethernet port shall be provided for equipment configuration via LAN, or
- for general TP forwarding. It shall have facility to operate @ 9600bits/s at
" good SNR of 35dB and above within the nominal Band width of 4kHz. The

above flmctronahty shall be poss1b1e for SNR of 25dB for Band with of 8kHz. -
ﬁ : General requzrement for dzgttal bpe termmals

- i) Supply Voltage 48V DC +15%, —10%. (positi_ve pole earthe_dj B

i) In the input circuit of the PLCC terminal protective devices shall be =

- provided in the form of zener diodes or surge suppressers in order to
climinate any surge transfer through -the coupling: device or the surge
mduced in the connecting path of HF cable. 4

il) Compressors and expanders shall be prov1ded to improve voice
- transmission characteristics for the system. The companders shall have at
- least 2:1 compression ratio with a corresponding expansion ratio of 1:2.
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~The operating range of compander shall be compatible with the audio -

power levels specified for 4 wire operation. The improvement gained by
- companders shall not be consrdered for power. allocatron and shall be in-
. hand reserve.

_ 1v) Speech+Data channels shalI mdependently fulfill the SNR
- requirements out of the power allocated to its channel from the total power
- of the PLCC terminals. > S

v) Fail safe devrces shall be provided to av01d a malfunction in-one umt or
* damage of any sub-assembly. All plug-in equipment shall be fitted with
- features to avoid improper insertion. The electrical cables shall not be -
~routed across sharp -edges or near sources of high temperature. The
adjustments; -which - are - susceptible -to” maladjustment. from accidental N
“-contaet/ v1brat10n shall be eqmpped with surtable Iockmg devices. = -

v1) The PLCC set shall be des1gned to give guaranteed performance from
0 to 50°C. The thermal capablhty of the equlpment shall be so des1gned to
.be operatlonal upto 55%C.

_V11) The carrier set shall be provrded with suitable supervision and alarm

. facilities. Individual parts of the carrier set should be accessible from front = -

making it possible to place the carrier cabinets srde-by-s1de Al
' '_ _ components and parts of the carrier set shall be sultably troplcahsed

6.2.3 . The type of PLCC and number of channels per hne and number of codes per | o
- channel shall be decided durmg detailed engrneermg as per the requirement -
. and practice of the utlhty/ project '
63 | Auxtltaty power supply for sub-statmn/ swztchyard
63.1 4]5VAC system
: The 415V AC System shall provrde power supply to 415V svntchgears, DC |
/. system, circuit breakers, disconnectors, lighting panels etc. of the entire
] smtchyard system Indlcatlve detaﬂs/ parameters are mentroned below o
6. 3. I JLT tmmformers |
B I The 11/0. 433kV or 3.3/ 0.433kV (Whlchever is apphcable) LT transformers shall
o “be provided with delta-connected primary and a star—connected secondary with,
-~ the star point brought out solidly earthed for 415V system. - '
11) | Salient features of LT transformers :

The salient features of LT tran:sfonner are given in Schedule - 14
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63 12 415sz1tchgears _ |

”i)'

i)

i)

: l) Clrcurt breakers Air break three pole, sprmg charged, horrzontal drawout
type, suitable for electrleal operation L
| _2). S..witchgear. : Fully drawout type, -smgle front
' _ 3) MCC : Fully drawout type smgle front
4) ACDB 7 '. _leed type smgle front .

1) Norﬁjnal system'volrage | TV 1415
i)' Highesrsszstemvoltage o - . = V 433_ -
. '3)_'Voltage\'rariat.ionl_ - % %
4) Rated frequerrey | . L — .Hz- 50
..5) FreQuency.variation - . ' i % . +3to-5 |
76). .System earl:hlng i . '. ] . solidl)r' grounded |
. .7) Maxnnum System.fault leriel i _ . kA .' 50 (for 35)

The swrtchgears shall be indoor, metal clad havmg followmg features

The sy_stem parameters for _41 5V system shall be as follows:

All 415V sw1tchgears, AC and DC drstnbutmn boards (DBs), etc shall have

_ 'followmg features B

- Shall be of single front fully draw-out, metal enclosed indoor, floor :

‘miounted and free standmg type.
_'- All frames and load bearrng members shell be fabricated using mild steel -
structural sections or pressed and ~shaped cold rolled sheet steel of thickness.
- not less than 2mm. S - : '

. 'Fr_arne shall be enclosed in cold rolled sheet steel of thickness not less than _

N 2mm (CR). Doors and covers shall also be of cold rolled sheet steel of

6.3.2

thickness not less than 1.6mm. Stiffenérs shall be. provided -wherever
necessary. Removable gland plates of thickness 3mm (hot/ cold rolled sheet

.~ steel) or 4mm (non-magnetic material) shall be provided for all panels. -
DC System _

The DC system.comprising of adequate capacity of 220V DC battery and its _
- chargers shall be provided for protection and monitoring system of the various
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panels circuit breakers 1solators lighting etc. of the entire swrtchyard system.

However 110V DC system may also be adopted for sub- statlons

6.3.2.1 DC batrery

o i)' g The system parameters of 220/ 110V DC system shall be as follows:-

110

1) Nommal _syste_m voltage vV ©.220
12 nghest system voltage N .'.242' 121 |
3) Voltage variation . _ V .. 187-242 - 99-_121_ 7.
' 4) A_mbrenttem_perature ’c St) _ | 50
1'5) Sy_stem "earthiné: - . ._._Ilnearthed :-,Unearthed. '
o | 6)'. Maximum system Foult level k'A_ 25 (r‘orls) -'25 (for 1s)

i) The DC system shall be ungrounded and compnse of 2x100% sets of 220V of
- - either Lead-Acid Plante or Nickel-Cadmium Battery banks each provided
. with trickle and boost chargers and 2 no..DC drstrrbutron boards (DCDB) for
~ switchyard loads. _ '
- For sub-station appl1cat1on Valve Regulated Lead Acid (V RLA) type battery

: may also be acceptable : : .

L iii)_' The ampere hour capac1ty of DC storage battery shall be based on three (3)

- hour supply. Minimum emergency lighting system with reduced rllummatron -'
during failure of main power supply shall be provrded '

L iv) . . Battery duty cycle: '

" Load - Duration Type of Loads -
1) Continuous load | 3 hours | Relays/ IEDs, HIMIs, CB spring charging,
' S ' o isolator interlocking load, miscellaneous -
permanently connected loads etc.
_ .2) Emergency.load. - 11 hour Emergency lrghtmg loads
| '3) -Momenta'ry load | 1minute | CB closing, tripping loads (con31der1ng
: L simultaneous occurrence as per system)

' v) - - Salient features of battery.:

a) Lead Acid Plante type battery-:

"1 Battery Voliage TV 220100
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2) Battery type . ' : Stationary Lead Acid Plante high
S : : - discharge type - '
"3y Capacity for ten(10) hour rate | . | As required
to 1.85V/ cell at 27°C any time | - . o '
_during the entire duty cycle

| _4)Nominal dis_charge voltage/cell |V - 1 2.0

"5y Floatvoltage percall -~ | V122

b) Ni-Cd Type Battery -

I)Battery Voltage (V) TV i
2) Battery type . ~ | Stationary Ni-Cadmium Pocket .
. : B _| Plate High discharge type (KPH)
3) Capamty for ﬁve(S) hour rate | - i As per system requirement
to.1.14 V/Cell at 27°C any time | .~ C ' :
v _durmg the: entire duty cycle.

"~ 4) Nominal discharge voltage/cell | V| 1.2

~--5) Float voltage per cell - V142

6. 3.2.2 “Battery charger -

_Battery '-c'h'arger for Lead-Acid Plante type battery: The batteries shall be

~trickle charged at 2.15-2.25V per cell. All chargers shall also be capable of

- boost chargmg the assocrated DC battery at 2. 0—2 7V per cell at the desued_ '
rate o .

Battery charger for N1cke1 Cadmm:m type ‘battery: The batterles shall be
trickle charged at 1.4-1 42V per cell. All chargers shall be capable of boost
_charglng the assoc1ated DC battery at 1.53-1.7V per cell at the desrred rate

6 3 2 3 DC dzstrzbutzon board (DCDB)
| The DCDB shall be ﬁxed type smgle/ double front type
Each battery bank assoc1ated with trickle charger and boost charger shall be -
connected to respectlve distribution board. At least 20% spare feeders with
minimum 1 no. of each type and rating shall be provided in the DCDB. The

essential load/ system shall be provided with duplicate supply from separate' :
sections of DCDB. - . : .
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7.0

iii)

8.0

| )

:Each DCDB shall be prov1ded w1th (@) Earth fault detectlon relays (to glve

alarm on earth fault in positive or negative of the system) (b) Under/ over

. voltage relays for ‘DC voltage low/ high’ annunciation (c) Voltmeter with

sélector switch for positive to earth, negative to earth and between positive

. and negatlve voltages measurement/ mdlcatton
' POWERAND CONTROL CABLES LAYING & TERMINATION

' _-415V power cables- shall be 1 1kV grade, heavy duty, stranded alu:mlmum
- conductor, PVC type -A msulated galvanized steel wire/ strip armoured flame
- retardant low smoke (FRLS) extruded PVC type ST1 outer sheathed. ' '

N The 5121ng of all power cables shall be based on current ratmg, however de-
_rating factors correspondlng to temperature and grouplng of cables shall also
be con51dered

B Control cables shall be 1. lkV grade, heavy duty, stranded copper conductor :
. PVC type A insulated, galvanized steel wire/ strip armoured, ﬂame retardent
' 'low smoke (F RLS) extruded PVC of Type- STl outer sheathed

' _'Cables shall run in GI cable trays/ ngld GI condutts to the extent pos31ble |
~Cable trays shall be ladder/ perforated type. Cable tray support system shall be

pre-fabricated. Modular type trays may be cons1dered Wherever feas1ble

'Cable trays shall have standard W1dth of 150mm, 300mm and 600mm and

standard lengths of 2.5metre. Minimum thickness of mild steel sheets used for
fabrication of cable trays. and fittings shall be 2mm. The thrckness of 51de .

_ coupler plates shall be minimum 3mm.

*Smtably routed cable trenches shall be provided to accommodate power and -

~ control cables from marshalling box in the yard to the respective panels in the

_control room bulldmg or outdoor air conditioned kiosks (air conditioned bay

~* control réoms). The. cables entering the control room building will be laid in

- pipes with suitable sealing at wall openings to prevent entry of Water and
~ - todents 1nto the burldmg through the cable trench opemng

_LIGHTING

Illurmnatlon shall be prov1ded in the swﬁchyard area and sthchyard control

" room building. The illumination level shall be 30~50Lux (average) for outdoor

swrtchyard and 300Lux (average) for sw1tchyard control room.

'For outdoor 1llurmnat1on HPSV ﬂoodhghts will be installed on street lighting
- poles/ nghtmg cum Lightning Masts (LCLM)/ Lighting Tower at- suitable

locations to provide requisite level of illumination. For approach/ work roads, -
pole mounted high pressure sodium vapour lamp fixtures shall be used.
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In outdoor area and control room, 20% of the lighting shall be on AC _

emergency. DC emergency lighting shall also be provided in critical operating
areas in the control room. Incandescent lamp/ LED/ CFL fixtures shall be used
for emergency hghtlng ' :

; I_-Supply to the 1llummat10n system shall be from 415V AC distribution board
_ through 3-ph 415/ 415V dry type isolation transformer provided in incomer of
~Main Lighting Distribution Board (MLDB) MLDB shall consist of 2x100%

incomers and bus- coupler

. Outgomg feeders shall be prov1ded w1th tnple pole Mlmature cucult breaker
- (MCB) with neutral links to feed the Lighting Panels (LP). In LP’s, single

phase outgomg feeders shall be provided to feed the lighting ClI'Cl.lltS

240V AC 6/16A, 3 pole socket outlets with switch shaIl be prov1ded in office

| -Tooms. 240V, AC, 20A, 3 pole socket outlet with switch shall also be provided

in the office room. 63A welding power sockets shall be provided at alternate _

- bay marshallmg kiosks in the sthchyard

In case of sub-stat10ns, hlgh.beam flood light fixtures shall be .prov_ided_i_n

strategic locations near equipment in addition to the normal lighting provided in
the yard; however, these shall be normally switched OFF and switched ON

: durmg mamtenance

; _GROUZ_V_DING

The grounding grid shall be designed as per IS 3043/ TEEE 80. It shall be

- ensured that the grid resistance shall be such that the touch and step potentials
_-are within the safe limit. All equipments, structures etc. shall be connected to

grounding mat as per IE rules, code of practice for earthmg and IEEE 80 at

- two separate and distinct locations.

i)

A groundmg mat shall be pr0v1ded at a minimum depth of 600mm in the sub-

station/ switchyard to provide low Jmpedance dlscharge path for lightning
surges/ system fault current to earth o

The earﬂnng conductor size shall be de51gned for a life expectancy of
minimum forty (40) years and for maximum system fault current of time -

duration 1.0sec. whichever is higher. The minimum rate of corrosion of steel

'_ rused for eartl:nng conductor shall be conSIdered as 0.12mm per year for
' de31gn1ng its size.

MS rods/ Pipes of 40mm diameter, 3000mm long shall be used as main

~ground electrode to be connected to gnd conductor These electrodes shall be

located at sultable locatlons
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. The risers from MS rod/ flat shall be prov1ded upto a height of 300mm from

.. the ground level at dlfferent locatrons for equrpment connection by GS flat of - "

Vi)
S gnd with two connectlons through test lmks and earth pits: -

vii)

- adequate size.

The auxiliary earth mat of 1500mmx1500mm’ size comprising of closely

spaced conductor at 300mmx300mm shall be provided below the operating

handle of the disconnector at a depth of 300 mm from ground level. The
' operatlng handle shall be dlrectly connected to the earthlng mat. :

The sub—statron/ swrtchyard ground grld shall be connected to the main plant_'

The entire area of the sub stat1on/ sw1tchyard shall be filled wrth 150/ IOOmm
“thick gravels to restrict the growth of grass in outdoor sub-station/ switchyard.

The gravels shall consist of 75/50mm thick of 40mm stone size on the top and

o 75/50mrn tluck of 20mm stone SIZG below

viii)

g -xi)..

xii)

xiii)

;The resrst1v1ty of gravel shall be 3000Q-mtr

Sepa:rate earth electrodes shall be prov1ded for llghtlng mast su:rge arrestors
- and transformer neutrals, VT. : -

| . Metal pipes and condults shall be effecnvely earthed at two pomts

| Metalllc sheaths/ screens and armour of multi-core cables shall be earthed at

both ends. Metallic sheaths and armour of srngle core cables shall be earthed

_at swrtchgear end only

' The alternate post. of the sub statron/ swrtchyard fence shall be connected to »
earthing grid by one GS flat. The gates shall be connected to the earthed post :
- by flexible lead ' . :

Railway tracks. within the plant area shall be bonded across ﬁsh plates and - _'

connected to earthlng grrd at several locatlons

Cable tray shall be earthed at minimum two pomts by GS ﬂats to earthrng

- grld The drstance between earthlng pomts shall not exceed 30m.

The nnmmum size of earthmg conductor for various eqmprnents is given below :

SN ., Item . _. Slze&Matenal

a. | Main earthlng conductor to be buned in 40mm' dja MSrod

b. | Conductor. above ground and earthmg leads | 75x12mm GS flat
| (for equipment) . : :
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10.0

iii)

3 o c. Conductor above ground and earthmg Ieads 75x12mm GS ﬂat- :

.| (for-coloumns and aux. structures) -

~d. | Earthing of indoor LT panels, control | 50x6mm GS flat -
-panels and outdoor marshallmg boxes, JBs L
i and Lrghtmg panels efe. -
e Rod ea;rth electrode S - 1 40mm dia, 3000mm long.
- e .MSrod '
- f. | Pipe earth electrode (1n treated earth p1t) as | 40mm dia, 3000mm long
: -per IS : GSpipe L
g Earthmg ofmotors . 1 25x3mm GS flat
k. Earthing conductor along outdoor cable | 50x6mm GS flat |
trenches : .
7L Tarthing of fighfing poles | 20ram dia, 3000mm Iong
I o MSrod
SHIELDING

The sub—statron/ swrtchyard shall be protected ﬁ'om drrect lightning strokes by |
~ cither GI shield wires (7/3.66mm) strung to the peak of ganiry towers or
~ suitably located lightning masts or both in addition to surge arresters.

GI flats/ shicld wires shall be used as down conductors for connecting the

- shield wires/ lightning masts to the grounding grid. The zone of protection-
- shall depend upon structure height, overall shape and physical location of the
: structures in the sub statron/ svntchyard & equipment to be protected '

GS shleld wires shall be strung between gantry supports and wall of main
power house over the phase conductors for the generator transformers and
station transformers ' :

The complete shleldrng network shall be connected to the rnam ground mat of
the sub- statlon/ smtchyard _

FIRE DETECTION ALARMAND PROTECTIONSYSTEM

Sub-station/ sw1tchyard control room shall be provided with automatic inert o

gas system and analogue addressable microprocessor based fire detection, .
alarm and protection system. Fire detectors (heat detectors and smoke
detectors) shall be located at strategic- Iocatlons in rooms of sub-station/

sw1tchyard bmldmg
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Adequate no. of portable COg and " dry chemical powder types fire
extinguishers shall be provided in sultable locations in the sub-station/ -

smtchyard bu1ld1ng

- Fire alarm panel(s) shall be prov1ded Wlth 1ndependent sealed type battenes '-
- with-boost cum ﬂoat chargmg facilities. _

_'Flre protection system for outdoor sub- station/ swrtchyard is not envrsaged _
however, it ‘shall be prov1ded with adequate fire hydrant pomts connected to

' -”ﬁre protectron system of main plant

. _12.0 '

'1271 -

STRUCTURALAND CIVIL WORES' h

'-'Strucrures L

: The followlng galvamzed steel structures for sub stat1on/ sw1tchyard shall be

e 'provrded

_? o Gantry towers and Glrders

' . " Lightning cum lighting towers
.= Lighting towers '

iif) -

“ ‘Circuit breakers, disconnectors and

o - ‘Current transformer and Voltage transformer -
= . -Lightning arrestors, wave traps
" - .- Buspost 1nsu1at0r (BPI)

- Cable support etc.

Al structural steel members in sub statron/ sw1tchyard shall be hot dp
-~ galvanized as per IS 4759 or equivalent. The fastencrs shall also be galvamzed o

per IS 1367 (Part-13). Bolts and nuts ‘shall be as per IS 802 The spring
washers shall be electro- galvanised as per IS 1573, The materials, structural

- loads and stresses of towers and equlpment supportmg structures shall be per
g -_IS 802 : _

nghtmg masts shall be provrded w1th minimum two number platforms with
one no. at the top level. An internal ladder shall be provided to climb upto top

level platform. The top of platform shall be provided with grating, GI pipe .

hand ralhng and toe guard plates. .

'; The followmg shall be con51dered for . des1gmng sub- statron/ sw1tchyard

N structures '

- a) Gantry towers and girders

Sub station/ smtchyard structures shall be de51gned for comb1nat10n of

- following loads :
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dead load

- live loads

wind load

seismic load :

loads for dev1at1on of oonductor _

loads for unbalanced tension in conductor

torsmnal load for unbalanced vertlcal and horlzontal forces

erection loads : _
short CH‘Cult forces mcludmg snap in case of bundled conductors etc

.The materlal for gantry towers and glrders shall be per IS 2062. Dead Load B
and live load shall be as per IS 875. The permissible stress in steel structures
shall be more than that mentloned in IS 802/ I5.800.

B The factor of safety for the de51g11 of members shall be con31dered as 2.0 for
" normal condition & broken wire condition and 1 5 for combined short circuit,

- broken wire. condltlon

- _b) _Equzpment 'strucmres

- Supporting  structures for - equipment shall comprise of galvanized pipe
supports (ERW pipe of grade YST 21 or higher)/ lattice structural steel
- supports. The pipe supports shall be designed as per IS 806 and IS 1161. The '
lattlce steeI supports shall be deSIgned as per IS 802. : '

'T he fabrication and erection of the Sub- statmn/ sw1tchyard structures shall be
~generally as per IS 802 and IS 800. All materlals shall be shop fabncated and

- galvanized.

Dlagonal wind condltlon shaIl be conSIdered for the des1gn of hghtnmg mast

. c) Swztchyard control room

The Sub-stat1on/ sw1tchyard contfol rooin shall be smgle/ tWo storied RC.
framed building with brick :or hollow concrete block masonry claddmg The
- grade of oonorete shall be M25. .
d).  Cable trenches |

g All cable trenches shall be of RCC with RC_C pre-cast cover. Adequate steel
inserts shall be provided, wherever required for support of cables.

B g Loads

- Wind load The mean wmd speed Shall be as per IS 875 (Part—3) The _
- terrain category shall be as per IS 875 (Part-3).

- Seismic load: S_elsn_nc load shall be oo_nsxdered as per IS 1893.
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- T emperature load System and system component des1g;n criteria, which

" require ambient temperature extremes shall use the range from (-)3. 9°C to

12.2

48. 3°c for dry bulb temperatures

szzl worfrs

) | -Bas1s of all civil desrgn for foundatlons of all structures shall be geo-techmcal
- investigation report. The report shall constitute ' the . main soil data viz

- recommended type of foundation, safe bearing capac1ty for various types of
o foundatmns and other mvest1gat10n data so1l res1st1v1ty water table etc.

} The cwﬂ spec1ﬁcat10n for Main Plant shall be followed as a guideline for Sub- -
L stat1on/ switchyard eqmpment founda‘uons cont:rol room. bu:lldmg '

The smtchyard area shall be ﬁlled w1th 150/100mm thick gravels to restrict -

the growth of grass in. outdoor sub-station/ switchyard. The gravels shall -

consist of 75/50mm thick of 40mm stone size on the top and 75/50mm thick of..

s 20mm stone size below

| Each layer shall be. compacted by using 1/2 ton roller with 4-5 passes and

" suitable water sprinkling. Before laying the gravel fill, the top layer of the soil _
shall be treated for. antl-weed consrdenng the types of weeds found in the L

L 'v1c1mty

123

F encmg

.The fence around sub-station/. sthchyard area shall comprise of PVC coated
-Gl chaln link fencing of minimum 8G (including PVC coating) of 75mm

mesh’ size and of height 2.4m above the toe wall with a 600mm high '.

' concertina at the top, such that total fence height of 3m above the toe wall is
~ achieved. The diameter of the steel wire for chain lmk fence (excludmg PVC

o coatlng) shall not be less than 12G.

o 13.0 .

IN T ERNA T IONAL/ INDIAN ST. ANDARDS _

L The l1st of ma]or Internauona]/ Indian Standards is given in Schedule =15

T goRskokdokk
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o L __ - | - _._'_Annexnre-"'A'.”
 GaS ..INS{_I_LA'.I‘ED SUBSTATION (GIS) . |
L0 GENERAL L

1) - Gas insulated sub-station comprising of operating devices, accessories and
auxﬂlary equipment shall be metal-enclosed SFs gas type as per IEC 62271-
203. GIS shall be indoor/ outdoor type. However, indoor type shall be

~ preferred considering its long life with respect to easy maintenance. The

-+ ladders and walkways shall be prov1ded wherever necessary for access to the

_'equrprnent

i) 765/ 400kV system GIS shall be smgle phase type 220/ 132kV system GIS :
: ~shall be three phase or single phase ora rmxture of both 33kV GIS shall be -
) three phase type. : _ '

iii) __The arrangement of gas. sectlons/ compartments shall be such as to facilitate
future extension of any make on either end without drilling,. cutting or welding
on the existing GIS. It shall not be necessary to move or dislocate the ex1st1ng

_ sub—statlon bays for addmg the eqmpment : : :

. GIS shall be totally safe- ‘against inadvertent touch of any of its hve parts It o
L shall be protected agamst all types of Voltage surges. .

'_ iv) GI_S. shall_ include but _not be limited to the foIIowmg: '

- Circuit breakers _ _
- - Disconnecting switches (isolators) -
-~ Maintenance earthing switches
- Fast acting earthing switches -
= " Current transformers
- Voltage transformers -
- - "Busand elbow sections
- - Cable end enclosures
- SF to air bushings _
- -.GISto transformer chrect-connecnons
- - Surge arresters
- - - Density switches, secondary cable etc. -
= - Support siructures for the GIS . -
- Insulating SF¢ gas
- Local control cubic
- . Monitoring System

2.0 SYSTEMPAMMETERS

- The system parameters for 765kV, 400kV 220kV 132kV and 33kV are given
- in Schedule - 1 :

51




S ~ General Guidelines for
765/400/220/132kV substations and
sw1tchyard of Therma]f Hyclro Power PI‘OJ ects

-CONSTRUCTIONAL REQUIREMENTS

GIS shall be of th_e free standing; self-supporting w1th "e_asy accessibility to all

. the parts during installation and maintenance with all high-voltage equipment
installed inside gas insulated metallic and earthed enclosures, suitably. sub- |

divided into individual arc and gas proof compartments preferably for:

" - bus bar disconnectors -

- ‘intermediate ‘compartment.

circuit breakers

line disconnectors:

current transformers

voltage transformers’

gas insulated bus duct section between GIS and XLPE cable _ _
gas  insulated bus sec’non between GIS and transformer/ reactor ar

1 1 18

apphcable)

O GIS assembly shall- consist of ‘separate - modular compartments eg oircuit
* ‘breaker compartment, bus bar compartment filled with SFs gas and separated
by gas tight partltrons The maintenance on one feeder shall be possible

- without de-energising the adjacent. feeders. Accessories viz. particle trap, -

i)

‘pressure rehef dev1ces, _ des1ccants etc. shall ‘be provided for each

compartment

The matenal and thickness' of the enclosures shall wrthstand the 1nternal ﬂash |
over without burn through at rated fault current for a perlod as per- IEC 62271-
203.. ' : _

" Each pressure filled cnclosure shall be- deeigne(l and fabricated to oomply -

- “with the requirements of the applicable pressure -vessel codes and based on

vi)

vii)

- - the design temperature and pressures as per relevant IEC. The maximum gas
- leakage for GIS shall not be more than 0.5% per year -

N The fabricated metal enclosures shall be of non—magnetro matenal with hrgh '-
re31stance to corros1on, low electrroal losses and negligible magnetro losses '

- The drsconnectlng switches and earth switches shall preferably be prov1ded
- with Wll’ldOWS to mspect swrcch contact positions dlrectly ,

: Enclosures shall be smgle phase/ three phase (as applicable) encapsulatron for

~ busbars and feeder section bays. The sub station shall be modular in de51gn
with prov1s1ons of future extensrons : :

The conductors a’.nd'hve parts shall be mounted on high gracled €poxy resin |

- insulators. These insulators shall be designed for high structural strength and

electrical dielectric properties. It shall be properly shaped to provide uniform
field distribution and to minimize the effects of particle deposition either from
migration of foreign partloles within the enclosure or ﬂom the by products of :

- SFs breakdown under arcmg oond1t10ns B
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)

Shlppmg sections tested in the factory shall be assembled by bolted and sealed
ﬂange connections only. Field welding of enclosures shall not be done. The
size of the pre-assembled shipping sections shall be big enough for easy

~ transportation. The assernbly tested in the factory shall not be dis-assernbled

for shlpment

‘The flanged connections shall be prov1ded with gas seals between the flange

- surfaces. Su1table means shall be used to protect the gas seal from the external
environment for outdoor applrcatlon Connections including bolts and nuts -
_ shall be protected ﬁom corrosmn Support msulators shall be the section
- bamers ' :

. Support 1nsulators shall be provided to maintain the conductors and enclosures -
in proper relat1on Lo : :

| The sw1tchgear shall be sectionalized W1th gas tlght barriers between sections
or compartments. Stattc filters, density switches, filling & évacuation valve -

and safety dlaphragm/ pressure relief device etc. shall be provided in each

E compartment. The filters shall be capable of absorbing watet vapour ‘which

xii)

 xii)

Xiv)

~may penetrate into the enclosures and. by-products of SF6 durrng interruption.’

Contmuous bus lengths wrthout gas segre gat1on shall not be prov1ded

'Each section shall be provided with necessary valves for evacuat1on and reﬁll
~of gas without evacuat1on of any other section..

Each gas compartment shall be prov1ded with temperature compensated gas "

. densrty switch for gas momtonng and mamtenance

XV)

-Pressure rehef- devrces shall be prov1ded in the gas sections to protect the main

gas enclosures from damage or distortion during the occurrence of abnormal

. pressure increase or shock waves generated by internal electrical fault arcs.

Rupture diaphragms with . suitable deflectors shall be prov:lded to prevent

uncontrolled bursting pressures developing w1th1n the enclosures under worst

: '_operatlng condltlons

xvi)

The enclosure shall be sized for carrymg ‘induced current equal to the rated

current of the bus. The ‘conductor and the enclosure shall form the concentrlc

.. pair with effectwe shielding of the field internal to the enclosure

© Xvii)

" xviii)

The enclosure shall be des1gned to ehmmate the external electromagnenc field |

to reduce electro dynamic stresses under short circuit conditions. The average '

1ntens1ty of electromagnenc field shaIl not be more than 50 p-tesla.

The temperature rise of accessible encIosure shall not exceed 20" C above the -
ambient temperature. In the enclosures which are not be touched during -
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~ xix)

40

" normal operat1on, the temperature rise limit 1 may be perrnrtted upto 30 C above

the amb1ent temperature

| ,The fabricated. metal enclosure shall be of aluminum alloy havmg hlgh
_ re51stance to corrosion, low electncal losses and no magnetlc losses. -

CIRCUI T BREAKER

C1rcu1t breaker (CB) shall be of SF6 gas msulated single phase/ three phase (as

o apphcable) ‘type. It shall be self-blast/ puffer type and consist of one
~ ‘interrupting chamber upto 245kV and maximum two interrupting arcrng_'

- 'cha.rnbers upto. 765kV

- The arrangement shall be honzontal/ Vert1cal as per rnanufacturer preferred
~layout considering space limitation and. taking into account the worst service
- conditions/ forces imposed by earth quake. The breaker enclosure shall have -

provision for easy ‘withdrawal of the interrupter assemblies. The removed _

- interrupter assembly rnust be easﬂy and safely accessrble for inspection and

| : poss1ble repa1rs

i)

: C1rcu1t breaker shall be M2 class as per IEC 62271- 100 and shall be capable |
of : : o _

- Interrupting the steady and 'transient magnetiilng Current

i Interruptlng line/ cable chargmg current as per 1IEC mthout re- strrkes and '.

a w1th0ut use of opemng resistors. -

- Clearmg short line fault (kllornetnc faults) with source lmpedance behmd :
“the bus eqmvalent to symmetrrcal fault current : c

Break:mg 25% of rated fault current at’ tw10e rated voltage under phase

: .' _oppos1t10n cond1t1on _

- -Wlthstandmg minimum 20no. of 1nterruptions at rated short circuit current

S with associated rate of rise of recovery voltage without requmng change of

: any parts

- Interruptmg symmetncal short crrcu1t current under out-of phase sw1tchmg

' condmons

Circuit ‘breaker shall be ‘provided with suitable “operating mechanism for

opening and closing. It shall permit checking adjustments and opening-
characteristics. Each mechanism shall be prov1ded with two tnp coils. The

o -breakers shall be re-stnke-free

: -All makmg and breakmg contacts shall be sealed and free from atrnosphenc

effects. The gap between the open contacts shall Wlthstan_d_ minimum rated
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. phase to ground voltage.'for' eight hours at zero pressure above atmospheric
~level of SF¢ gas due to its le’akage In the interrupter assembly there shall be an

adsotbing product box to minimize the effect of SF¢ decomposmon products

. and moisture.

The facﬂlty to attach operat1onal analyzer to record travel, speed and closmg o
time measurement etc. after mstallatlon shall be provided. '

Cn‘cu1t breaker shall be capable of hlgh speed smgle and three phase re-
. closing, - :

The closiﬁg coils and other auxiliary devices shall operate satisfactorily at all
voltagés between 85-110% of the rated control voltage and trip coils between
70—1 10% of rated control voltagc '

'_ Sahent features of c1rcu1t breakers

| The sal1ent features for 765kV 400kV 220kV, l32kV and 33kV system c1rcu1t .

breakers are gtven in Schedule -

DISCONNECT ORS (ISOLAT ORS) & EARTH SWIT CHES

_ Dzsconnecrors

i) Disconnectors shall be single pole, group operated with motor operated
-mechanism as per IEC 62271-102.. The provision of emergency manual-
~ operation shall also be included. Safety interfocks shall be prov1ded to prevent

closmg of d1sconnectors when main earth switch is closed and vice versa.

- 11) All main contacts ‘shall be silver plated or w1th silver inserts. Once

: 1mt1ated ‘the ‘motor mechanism shall complete an open or close operation

w1thout requiring the initiating contact to be held closed. The contact shielding
shall prevent restIlkes and hlgh local. stresses due to- transient recovery

' Voltages

iif) D1sconnector shall be provided W1th minimum 8 NO and 8 NC contacts

make and break auxiliary contacts. The make-before-break contacts shall be

prowded for CT svvitchmg scheme
' Earth switch

i) Barth switch shall be provided with manual operating mechanism as pet TEC-

62271-102. If electrical operating mechanism is envisaged, motor operated

'mechamsm shall be provided with electrical control from local position. Safety _
“interlocks shall be provided for closmg of earth switch when dtsconnector is

closed and vice versa.
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_ 11) The padlockmg arrangement of earth switches shall be prov1ded n open/
- close posmon .

- 1ii) The earth switch and 1ts Operatmg mechamsm shall be prov1ded w1th flexible -
“copper conductors of minimum size of 50mm® to earth with the ground. The

~ earth switch connection to ground shall be rated for fault current and provided-
with a silver plated terminal connector smtable for steel strap of adequate ratmg .

- for cormection to the groundmg grid. . '

iy 1v) Earth SWltCh shall be prov1ded with at Ieast 6 NO and 6 NC auxﬂlary '-

R 'j contacts

' F ast actmg earthmg switch

i) Fast actmg earthing swrcches as per. IEC 62271-102, located on the Ime side

of feeder bay module shall be of three-pole, _group operated, high speed, make-

- prooftype to discharge the charging currents in addition to their safety grounding

- function. It shall mterrupt mductlve currents and thhstand transient recovery_' '
7 voltage (TRV) also ' = '

| 11) The ratlng of short circuit makmg current of earth sw1tch shall be at least |
equal to its peak withstand current rating. The switches shall have electrostatic
_ .and electromagnetlc mduced current switching capablhty also .

111) Earthmg swr[ch Shall be provided with. clearly identifiable local positive _
" driven mechanical indicator- and position mdlcator on the bay module control -

- cabinet and provision for remote 51g11a111ng

| VIV) Earthmg swrcch operatlon shall be possable local bay module control cabinet

‘or remote control room in addltlon to openmg of the associated dlsconnector :

. V) Earthmg SWltch Shall be 'electncally mterlocked Wlth cn‘cmt' breaker and ,
- disconnector to .prevent . ciosmg of -earth sw1tch if ‘the cn‘cmt breaker and
dlsconnector are cIosed and vice-versa. :

v1) The earth swfcch and its operatmg mechamsm shall be prov1ded with ﬂex1ble' .
~ copper conductors of minimum. size ‘of 50mm? to earth with the ground. The
earth switch connection to ground shall be rated for fault current and provided
with a silver plated terminal connector suitable for steel strap of adequate rating

R ~for connectlon to the grounding gnd

vii) Earthmg switch shall be prov1ded W1th atleast 4NO and. 4NC auxﬂiary
'-contacts :

Salient features for dzsconnector and earth swztch

- . The salient features for 765kV, 400kV 220kV 132kV and 33kV system
'_ disconnector and earthmg svsrltches are glvenln Schedule - 6
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CURRENT T, RANSF ORMERS

- Current transformer (CT) and its accessories for protection and metering as

per IEC 60044-1 shall be incorporated into the GIS. It shall be of metal
enclosed type. e - _

“The. secondary windings' shall be air—insulated and 'rnounted inside metal |
enclosure. CT shall be provided with effective electromagnetic shields to
. protect ‘against high frequency- transients typically .1-30MHz. CT shall be

- suitable for high speed auto-reclosmg CT shall be prov1ded with rnarshalhng

i)

iif)

, box for secondary terrmnals

For 765 kV system CT,'the rated extended pmnary current shall be 200% of

rated primary on all taps except 3000/1A tap. At 3000/1A tap the rated

 extended primary current shall be 120%. At 3000/1A. tap, the CT shall be

thermally rated for 200% for 15 minutes and 120% continuous. The secondary

- Wlndlng shaﬂ be rated for 2A contmuously

For 400 kV system CT, the rated extended pnmary current of the CT shall be

- 200% of rated primary on all except 2000/1A tap. At 2000/ 1A tap the rated

extended primary current shall be 120%. At 2000/1A ratio, the CT shall be
thermaIly rated for 200% for 15minutes and 120% continuous.

_ For 400 kV.CT rated for 3000A the rated extended primary current shall be
-~ 120% for 3000/1A tap and 180% for 2000/1A tap and 200% for lower tap
- ratios. The secondary windings shall be rated for 2A continuously. Further, the

intermediate tapping at 3000-2000A and 2000 SOOA shall be smtable for using .
as IOOO/IA and 1500/1A ratios. ' _ :

- For 220/ 132kV system CT the rated extended prlma__ry current shall be 120%- o

or 150% (as per requlrement) on all cores of the CT.

.Protectron class CT shall maintain the requlred accuracy for burdens ranging -

from 25% to 100% of rated burden and up to the accuracy limit factor/ knee:

- point voltage in case of relaylng CT.

Metenng CT shall mamtam the reqmred accuracy for current ranging from 5%

L to 120% of tated current or spe01ﬁed rated extended current whichever. is
" higher.

For 0.2 and 0.5S class CT, accuracy shall be malntalned between 1% to

- '120% of rated current.

: CT burden shall not be less than 5VAto achleve requu'ed 0. ZS accuracy class
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- Salientfeatures'of current tranSformer

. .The salient features for 765kV 400kV, 220kV I32kV and 331(V system current _
. transformers are grven in Schedule - 7 ' : "

. VOLTA GE T RANSF ORMERS

.Voltage transformers (VT) shall be of the electromagnetrc type Wlth SFs gas
- insulation as per IEC 60044-2, VT shall be located in a separate module and will

be connected phase to ground. In case of line feeder ‘wherever PLCC is required,

-_ outdoor capac1t1ve voltage transformer (CVT) shall also be provrded

VT shall be effectlvely shrelded against . hlgh frequeney electromagnetic

transients. VT shall have three SeCOHdafy wmdmgs VT secondanes shall be
B ].provrdedwrthMCBs . | -

.:.VT burden for metenng class vwndlng shall not be less than 50VA to achleve 02 |
_accuracy class e

Sahent features of Voltage transformer .

: The sallent features for 765kV 400kV, 220kV l32kV and 33kV system voltage

transformers are gwen in Schedule - 8

OUIIDOOR B USHIN GS

'Porcelam bushmgs shall be as per IEC 60137 SF6 to air. bushmg shall be of
‘ceramic insulator and pressurized with SFs gas. The conductor shall be supported

by the insulator cone at the switchgear end and the high-voltage electrode at the -

" air end. The shed form and creepage path length shall be as per requlrements and _
serv1ce condltrons : : _ .

SURGE ARREST ORS

'Surge arrestors (SA) shall be outdoor air 1nsulated/ SF5 gas 1nsulated metal :

oxide and gapless type as per IEC 60099-4 The metal housing of SF¢ gas
insulated SA shall be connected to the metal enclosure of the GIS with a~

flanged, bolted and gasketed joint so. that the arrester housing is grounded

through the GIS enclosure. The ground connectlon shall be sized for GIS fault -

level

| The detailed system studies and calculations including 1nsd1at10n co-ordination
- shall be carried out prior to evolve the requ:lred parameters, locations, energy .
' capab111t1es ¢te. of SA '
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~Salient features of surge arrestors

| ‘The sahent features for 765kV, 400kV, 220V, 132kV and 33kV system surge

arrestors are glven in Schedule 9

'GAS INSULATED BUS DUCT .

- The components of GIS shall be connected by SF5 bus consisting of an inner

conductor and outer enclosure. The enclosure shall be connected with bolted

“and gasketed joints. The bus | ‘conductor shall be- connected. with plug-in-

contacts with silver plated contact surface. The bus system shall withstand the

~mechanical and thermal stresses due to rated fault curtents, thennal expansron _
‘and cont:ractlon created by temperature cycling. :

HV PO WER. CABLE COMVECTION (if appltcable)

_'The cable end box shall be as per relevant IEC. The ﬁnal ‘connection’ of the E
high voltage cable eircuits in GIS shall be with s1ngle-phase cables. All cable
-+ end modules shall be suitable for connecting single core, XLPE solid dielectric - -

cable or low pressure oi'l_ filled cable type of maximum continuous voltage.

The ':des1gn of link and connections shall ensure that when removed the
resulting gap can withstand - impulse and power frequency test voltages -

appllcable to sw1tchgear and cable high voltage DC. test voltage

_ HV POWER TRANSFORMER COJ\WE_C_TION (i applzcable) :

Transformers ehall be comected to GIS -ontgoing bus duct using com'plete

~enclosed adapters. The transformer bushing housing shall be as per IEC

| - 61639. The adapter shall have a removable bus link to allow elecirically

disconnecting the transformer from the bis, testing of the bus/ transformer'

o separately and removal of the transformer if requlred

The bus_ enclosure shall be 1nsulated fr_orn the transformer tank to minimize
circulating currents through the transformer tank. The adapter unit shall also

~contain a bellow assembly and flexible conductor connecnons to minimize

13.0

v1brat10n transfer from the transformer -

' G'AS SYST. EM

GIS shall be provided with- adequ'ate sulfur hexa-fluoride (SF¢) gas to-

pressurize. the complete system. One zone/ compartment shall be pressurized
to the rated nominal density at a time. Add1t10nal 20% (mlmmum) of SFsgas .~

| shall also be provrded

‘The gas leakage from each compartment of GIS shall not be more than 0.5%

per year. During transportation, SFs compartments shall be ﬁlled with Nz and

- refilled with SF6 at site.
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| ‘_ iv) -

,'_..-'Vii) -ﬁ
" evacuating SFe gas from GIS. This shall include all the necessary gas
~cylinders for ‘temporarily storing the evaciated SFs gas. The capac1ty of

o The rated pressure of SF5 gas in GIS eqmpment shall be as low as possible, |
_ while- still meeting the requirements for electrical insulation and space

limitations to reduce the effects of leaks and to ensure that there is no chance

‘of the gas liquefying at the lowest ambient temperature. The initial gas

pressure or density at the time of charging the equipment shall prov1de a10% |

' 'margm above the m1n1mum allowable operating pressure.

SF6 gas shall be as per IEC: 60376. Cert1ﬁcate of poison mspectlon shall be
' _prov1ded wzth supplled gas ' . _ Co _

' ,..Temperamre—compensated gas dens1ty momtonng devices shall be prov1ded s
_ for gas compartment. -Any p1pe—work connection between the various gas -

compartments and a centrahzed measunng device shall not be prov1ded

- Self seahng vacuu couphngs shall be prov1ded on all gas compartments to -
: facﬂltate ﬁllmg and rechargmg : _ '

Gas ﬁIhng and evacuatmg plant ‘shall be prov1ded necessary for filhng-m/ :

- temporary- storage facilities shall be sufficient for storing the maximum

140

- quantity of gas that may be evacuated during- mamtenance/ repair work of at

least one complete bay of GIS

) LOCAL CON T ROL C UBICLES

.':Local control cubicles shall be prov1ded for control & mterlockmg, local .

operation of various equipments, and indicating & measurmg eqmpment for

150

i)

_"each bay/ module
GIS EAR T HIN G

_GIS shall be prov1ded with fac111ty to connect with ground mat risers. This
: prowsmn shall consist of groundmg pads to be connected to the ground mat
B nser near the equ1pment ' ~ :

_ _'The eartlnng system ‘shall be based on mulu—pomt des1gn ensunng the 7
- protection in case of indirect contact (touch or step voltages, in case of fault)

and tran31ent phenomena in case of li ghtmng or switching operat10ns

The three enclosures of smgle phase GIS shall be bonded at the ends of GISto
- neutralize the flow of c1rcu1at1ng currents. AH Wlnngs to GIS shall be Shlelded

and grounded

The enclosure’ of GIS shall be adequately grounded to limit the potential
difference between individual sectmns within allowable limit of 65-130V

dunng faults
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170 -

)

- The equrpment shall be used for detectmg d:lfferent type of defects in GIS Viz
: part1c1es loose shields and partial discharges. The instrument shall also be

180

19.0

' _Earthmg conductors shall withstand rated short circuit current. Conductors

with copper bars shall be preferred over copper wires. Separate ground strips

to short circhit ﬂanges and earthing switches shall not be prov1ded

GIS F OUNDATION GROUNDING

In GIS sub- statrons concrete foundatlons may cause 1rregular1t1es in current

discharge path. Therefore, a simple monolithic concrete steel reinforced slab is

_ advantageous both as auxﬂlary groundmg dev1ce and for seismic reasons.
_MONIT ORING SYSTEM
. 'Dew pomt meter

:  Dew pomt meter for measuring the dew point of SFg gas of CB/GIS:__shall be
" portable and adequately protected for outdoor use. The meter shall be provided. -

with dew pomt hygrometer with digital indication to display the dew point

temperature in. °C, °F or PPM. It shall be capable of measurmg the-

correspondmg pressure at which dew point is being measured

Partial dzscharge momz‘ormg System

able to detect partial dlscharges in cable joints, termlna‘uons, CT and PT etc.

GIS BUILDIN G ( f applzcable)

| _ GIS and other associated equlpments of dlfferent voltage class may be

accommodated in one building in same/ different ﬂoors or in different
buﬂdmg dependlng on site requn'ement

- INT. ERNA TIONAL/ INDLAN A TANDARDS

: The list of major Interna’tlona]/ Indian Standards is given in Schedule - 15

st ko ok o ko o
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Annexure - B

: HYBRID GAS INSULATED SUB-STATION

E GENERAL

L The hybnd sub-station may also be adopted upto 220kV Ievel dependmg upon
- site condltlons and reqmrements Hybrid sub-stauon shall be outdoor type

The bus bars of hybnd sub-station shaﬂ be air-insulated type; however its mam-_ -
functional units viz. circuit breaker, dis-connectors & carth switches are enclosed -

in SFs gas insulated housing. Current transformers shall be an integral part of gas
. compartment module.. Integration of SFs voltage transformer and cable sealing
- ends should also be possible (as per requirement). .

o The hyEﬁd sub-station shall be outdoor type as per IEC 62271-203. The hybrid
~ sub-station shall be isolated phase type with non-magnetic enclosure. .

: Smppmg 'sectioﬁs tested in the factory shall be. assembl'ed'by bolted and sealed
~ flange connections.only. Field welding of enclosures shall not be done. The

size of the pre-assembled shipping sections shall be big enough for easy
transportation. The assembly tested in the factory shall not be dis-assembled
for shlpment

SYSTEMPARAMETERS i
' The system parameters for 220kV 132kV and 33kV are given in Schedule I
'CONSTR_ UCTIONAL REQ UIREMENTS |

- The hybrld GIS module shall be suitable for outdoor applicatien.' The bus bar
- shall be conventional air insulated type. All the live-key functions viz CB,

disconnectors, earthing switches etc. shall be SF¢ sealed type as in GIS.

-Comiections with bus-bars shall be with silicon rubber type bushings.

. 'All hybrid GIS modules shall also be in hne with the requlrements as glven in
- Annexure ‘A for GIS. ' :

CIR CUI T BREAKER

 The cn'cu1t breaker installed horlzontally or vertlcally shall be of three phase/ _
'smgle phase encapsulated type.

Smgle-pressure, s1n'gle-b'reak, seIf-_compres_sion auto puffer type SF5 circuit-
breakers with minimum maintenance contact system shall be provided.

The brea.ker operating mechanism shall be of spring type It shall be suitable
for three pole auto reclosure..
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_ Sahent parameters for e1rcu1t breaker

" The salient features for 220KV, 132kV and 33KV system circuit breakers are
; 'glvenlnSchedule 5 . s

: DISCONNECTORS (ISOLA TORS) & EARTH SWITCH

_"Drsconnectors shall be SFs, three or - smgle phase encapsulated type. Al
switches shall be three phase llnkage operated by a maintenance free self-
o contamed electric motor

' 'Dlsconnector : and its earth sw1tch shall . be - mterlocked I_ with -
_ electromechamcally and electrically. Manual operation shall be p0331ble in

- -case of fallure of auxrhary system. -

. 'The apparatus shall-be provided with portholes to- allow V1sual 1nspect10n of

the contacts of the chs connector/ earthing swrtch

_ Earthmg swrtches on the hne side of overhead lme feeders shall be prov1ded'

Wlﬂ’l make-proof contacts’ and high speed operating mechamsm 50 that they

N are suitable for switching capacmve and -inductive currents -as well as on
s closmg on to a fault, -

 Salient parameters for dlsconneetors and earth swrtch

: _The salient features for 220kV 132kV and 33kV system dlsconneetor and
; earthmg sw1tches are given in Schedule 6 . .

CURRENTT. RANSF ORMER

* Toroidal current transformers of single or multi ratio. type mounted outside/ .

inside - the hlgh Voltage enclosure W1th grounded cores shall be preferred

Sallent pararneters for current transformer '

~ The sallent features for 220kV 132kV and 33kV system current transformers are
_ glven in Schedule 7 ' .

- VOLTA GE TRANSFORMER

Voltage transformer (VT) shall be installed external to swftchgear module In
case VT is an integral part of switchgear module; it shall be metal-enclosed,

- gas_insulated inductive. It shall be mounted directly on the hlgh Voltage_

enclosure wnih plug-m contacts to allow easy removal.

VT shall be effectwely shielded ' against - hlgh frequeney electromagnetre
‘transients. VT shall have three secondary Wmdrngs VT secondarles shall be.
- provided W1th MCBs. _
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8.0

9.0

' VT burden for metermg class Wmdmg shall not be less than SOVA to achicve 0.2

accuracy class

~ Salient features of Voltage transformer | ;

The sahent features for 220kV 132kV and 33kV system voltage fransformers .

- are glven in Schedule 8

orT. HER EQUIPMEN I S/ SYST. EMS -

The requlrements of equlpments/ systems shall be as glven in AIS/ GIS as

__ apphcable
a. -Bushmg e
b, . Surge arrestors
e Gas system_
d

Local control cubicles

" INTERNATIONAL/ INDIAN STANDARDS

The list of maj or Ihtemational/ Indian Standards -i._s g'iven in Schedule_ - 15

Cokeshadeckdekok ook
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BUS BAR ARRANGEMENT

1) Sketch-A:
' Breaker and a half scheme ( D type) (2 bays on one S1de)

' Mam bus I

.Maillbl.ls_ll_
1 2) Sketch-B: :
Breaker and a half scheme (D-type) (2 bays on both suie)

o I S /j
' ? E I SRR MambnsI
I/ _ £ o Main bus IT -

T 1 _
X X
l—/—x—/—

| _6'7 | :
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3) Sketch-C
Breaker and a half scheme (- type) (2 bays)

¥\

Main bus I :

'5\5X"\ .

. .Main,bl'ls II ._ g

W

: 4) Sketch-D :
‘Double main & transfer bus scheme (one feeder bay+1 bus coupler bay +1

by-pass bay)

SRR o o Mambusl 1
I : ' 1 _ rMambusH

>|<
~

1 ~ Transfer bus*
- '
- By-pass_-fcedcr Bus coupler feeder - Y Any other feeder -
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5) Sketch-E:

Double bus séhgme (one feeder bay + 1 bus coupler bay)

I _ - —— Mai'n'busl'

_ | T B ) _ I "'Mainbus']l_.
LI_I L

X
| . : * Bus coupler feeder
~ '

" Any other feeder

6) Sketch-F:.

~_Single bus scheme with sectionalizer

Line feeder . _ ' Line feeder _

X

=
| x
~

|
|
Lo |

Main bus

- (
- )

_Any other feeder . o . - - Any other feeder
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17 Sketch-G:

cheme .

Main & transfer bus s

. Mainbus

T

‘/
X
>

o~

S
1

AL\ %t

, l Transfer bt_l'S-‘ .

. J

|

o "Any other feeder : Bus coupler feeder _.'_Any oth

er feeder = Any other feeder .

18 Legends- '

X Circuit breaker

o _Isoléito_r

' Note: Other items é.g.'CT', CVT, SA, earth switches are not shown in sketch
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. QGeneral Guidelihes for.
765/400/220/132kV substations and

"SCHEDULE -1 _

_ __ 4) 

[ See ciause nos. 2.0, Annexure A (clause 2.0, Annexure B {clause 2.0) ]
SYSTEM PARAMETERS
SN oo . 765kV 400kV 220kV 132kV 33kV
: Details Unit o . -
s o - System system system syste_m system
T Nominal/Rated . | kVrms | 765 400 220 132 BEE
voltage : ' -
2) | Highost system KVrms | 800 420 245 145 36
voltage = ' :
3) | Phase "nos. 3 3 3 3 3
Rated frequency Hz 50 50 50 50 50
'5)" | Ambient temperature | ~.°C . 350 50 50 50 50
1 6) .| Specific creepage -y
distance (1)(_2)(3) : ' oo . _ : - o .
Light 16 . 16 16 16 16
Medium 20 20 20 20 20
Heavy - .25 25 25 25 25
Very Heavy L - 31 31 - 31 3_1' ' 31
7) | Rated faultcurrentand | kA | 40750 40/50/63 | 40750 315 25
its duration - : 1 sec. lsec. |  1sec. 1 sec. 3 sec.
8) | Minimum corona | kVems | 308 320 156 105 NA
extinction voltage . - '
"9) | Maximum radio pvolt 2500 1000 1000 500 NA
interference voltage ' (at 508 ~ (at320 (at 156 (at92- -
(RIV) for frequency kVrms) © kVrms) 7 kVrms) kVrms)
between 0.5&2.0 MHz o . :
IO) Seismic accélefa_tion g 0.3 023 .0.3l 03 0.3
11) 'SyStém neutral Effectively Eﬂ'ectively‘ Effectively Eﬂ'ectively' Effectively
.| earthing : earthed - earthed earthed earthed ~ earthed
12) | Auxiliary ACsupply | V| 415£10% | 415£10% | 415210% | 415£10% | 415:10%
(3Ph, 4wire, 50 Hz) : :
- 13) 1 Auxiliary DC supply Vv - 220£10% 220+£10% | 220+10% 220d:10% 220+£10%
(2 wire ungrounded) ' :
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) For a thennal power plant very heavy pollut:on conditions shall be considered.
@ Increase in pollution level in future shall be conmdered for selecting the specific creepage dlstance'

®)  Polymieric insulators may preferably be conSIdered for heavy polluted and also coastal areas.
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SCHEDULE -2 .
| See clause nos. 4. 1 @]
SAFETY CLEARANCES
T - SN .765kV 400KV .0 220kV | 132kV | 33kV
Minimum Clearances Unit . . : :

. R - system system | system : system - i system

1 1) | Phasetophase | mm | 76000 | 40007 | 2100 "} 1300 | 320

A S 9400% | 42009 | S

2) |Phasetoearth . | mm | 4900" | 3500 2100 | 1300 | 320

' c R 164009 | : o - :
3) | Safety working clearance - | mm | 10300 - | 6500 | 5000 3800 3000 -
- (Sectional clearance) 3 I RN .
4) | Ground Clearance™ ~ - . mm | 14000 [ 8000 - 5500 | 4800 | 3700
5) i-Height of msulator 8 bottom cmm | 2440 5 2440 2440 | 2440 2440
-1 from ground : - o R ' '

O for conducto_r—conductor configuration ® forrod-structure configuration
@ for rod-conductor configuration ¢ for conductor-structure configuration
O is the 'elevat'ion of 'live'co'nductor above plimh level.

© Tt is the height of lowest portion of msulators supporting hve conductor equ1pment parts etc

_where it meets the earthed metal from the ground

1 Notes:

(2) The above values are valid for altltude not exceedlng 1000mt1's A correctlon factor of
~ 1.25% per IOOmtrs is to be applied for i mcreasmg the air clearance for altitudes more-
* than 1000mitrs. and up to 3000mtrs : :

(b) The. above safety workmg clearances are hased on an insulation height of 2.44m,
which is the helght of lowest point on the insulator (where it meets the earthed metal)
ﬁom the ground ' . :

(©) “Sa:fety Workmg Clearance is the minimum clearance to be maintained in air between |
" the live part of the equlpment on one hand and earth or another plece of equ1pment or -
. conductor on Whlch it is necessary to carry out the work., - :

(d) The minimum clearance Values at sl no. 1) 2) & 3) as glven in the table are
mandatory :

The clearances at sl. no. 4) & 5) of the table are typlcal values. The electrical field
studies should be carried out to ensure that electrostatic field at 1.8M above ground
below the outer most phase is less than 10kV/m. However, where the field exceeds

__this value suitable protection like grounded shielding wire/grid may be provided.”
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SCHEDULE -3
_[See clause nos. 52.2 (iii) 1

SALIENT PARAMETERS FOR INSULATOR STRING™

765KV 400kV 220KV | 132kV

33kV.

74

SN Details L UMt - tem® | system | system | system | system
1) | Nominal/ Rated voltage KVrms | 765 | 400 | 220 | 132 | 33
2). Highes_t system voltage - " KVrms 800 A0 245 .} 145 36

13) | Minimum total specific | mm | 20,000 | 10,500 | 6125 | 3625 | 900

.| creepage distance of the : - S o ' : -
| insulator string 3
. 4 Total no. of discs per strings | Nos. . 47 25 15 10 4
{ (porcelain type) T B AR B
5) | Lightning (Full wave) | kvp | 2100 | 1425 | 1050 | 650 170
- | impulse withstand voltage fo : . RN
250 ps) |
" [6) | Switching impulse withstand | kvp | 1550 1050 NA | NA NA
. voltage (250/2500ps) dry o . ' _ o '
&wet.
7) i One minute powor ﬁ'eqnehcy kVrms
- | withstand voltage of complete |-
string 3 with corona control
i rings : _ : S BN - :
S oAy o T80 o600 | e 1 =
leowet | 870 | 680 | 460 | 275 | 70
* 78) | Minimum corona extinction | kVrms | 508 320 5 | 105 | NA
: -} voltage level of string with - S : s =
corona control rings - dry -
9) | Maximum radio interference | pvolt | 2500 | 1000 | 1000 | 500 NA -
voltage (RIV) of string with C (at 508 “(at320 | (at 156 (at92
-corona control ringsacross | .- I kVrmms) | kVrms) | kVrms) kVrms)
3OOQrésist0r at 1 MHZ) R : : C ' :
10) | Minimum electro mechamcal KN 210 120 120 120 120
strength ' ' o o ' '
11) | Type of msulator (porce]am _ . 1 Antifog Antifog A_ntifog _Ailtifog Antifog
itype) L ' o '
12) Mlmmum creepage dlstance “mm | 430 4300 . 430 430 430
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i of individual insulator units
(porcelain type)

10 Parameters ngen here are for installations at altltudes not exceedmg 1000m above mean sea level

(MSL) For hlgher altltudes requn'ed correctlon factor shall be considered as per relevant standards

@ The 765 kV equlpments are nnpor_ted, the parameters mentl_oned herein are in line with IEC practlces.
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SCHEDULE -4 .
| See clause nos. 5 2.2 (iv) ]

SALIENT FEATURES OF BUS POST INSULATORS“’

- T .. | 765KV | 400kV 220k‘v' 132kV | 33kV
: . Details Unit S . 4 o
. : L ' system system ; system : system : system
1) | Nominal/ Rated voltage kVrms | 765 i . 400 - 220 “132 33
Highest system voltage KVrms | 800 420 | 245 | 145 36
3) | Minimum total creepage “mm | 20,000 | 10500 | 6125 | 3625 | 900
o . distance ' - : : :
A T Tightning (Full wave) mpulse | KVp | 2100 | 1425 | 1050 | 650 | 170
' WIthstand voltage (1 2/50 p,s) : o : ' '
5y Switching unpulsemthstand Tkvp | 1550 1 1050 | NA | NA NA
' voltage (250/2500us) wet N - : L :
6) _One mmutepowerfrequency TkVrms 830 ' .680 . 60 275 70
. withstand voltage- dry and wet - L o '
7) | Minimum corona extinction | kKVrms | - 508 320 156 | 105 NA
" i voltage i ' ' '
8) | Maximum radio interference | pvolt | 2500 500 | 500 | 500 | NA
" | voltage between phase and (at 508 (at305 | (at156 ; (at92
) ground kVrms) | kVrms) | kVims) : kVrms)
9) [ Type Solid core | Solid | Solid | Solid | Sofid
' L _gore core - core core
10) | Total minimum cantilever ke | 8009 | 800 "800 | 800 800 -
strength - B -
D Mintmum torsional mom_enf . As Pef T As per | Asper | Asper | Asper
: o : +IBC-273 | IBC-273 | IEC273 | IEC-273 | IEC-
S . . 273 |

1 @ Parameters given here are for installations at altitudes not exceeding 1000m above mean sea level
| (MSL). For higher altitudes, necessary correction factor shall be considered as per relevant standards

@ Value indicated for 765 KV is minimum, however same is to be increased as per layout requirement.
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SCHEDULE -5
[ See clause nos. 5.3 (xv), Annexure A (clause 4.0 (1x), Annexure B (clause 4.0 (iii) ]

SALIENT FEATURES OF CIRCUIT BREAKER(D

SN o . 765kV 400kV 2206V 132kV 33kV
- Details - Umt-
o e system system system “system system
1) | Ratedcwrent® A 3150 | 2000/3150 - 1600/2500.; 1250 = . as
e : C e - required
2) | Operating - mechanism ‘Spring/ . Pneumatic/ | Pneumatic/ | Pneumatic | -~ Spring
X S hydraulic ;| - Spring/ ~ Spring/ / Spring/ 2
or its hydraulicor i hydraulic : hydraulic
combinat its orits. I orits
~ jon combination | combinatio | combinati
L ' . n on
- 1:3) - | Rated fault current & its 7 - kA C40/50 | 40/ 50/ 63 40/ 50 - 315 25
i | duration®®. (1 sec.) (1sec.) (1 sec.) (1sec) | (3sec)
4)- i Rated short circuit kA, © 1 100/125 ¢ 100/ 125/ 100/ 125 785, 62.5
making current - ' 157.5 '
1.9) .| Rated operatmg duty
' icycle: . :
Sa) | for auto-reclosing type 0-0.3sec- | O-0.3sec- 0-0.3sec- O 0. 3sec- -
: S CO-- | CO-3min- i CO-3min- ; CO-
: : 3min-CO : CO CO 3min-CO |
- 5b) | for non-auto reclosing - iR il R SEEI R R - CO-
~ itype ﬁ = : 15sec-CO
-1 5¢) | for non-auto reclosmg O-3min- | 0-3min-CO | O-3min- - O-3min- -} O-3min-
type (Generator CO - -3min-CO CO -3min- | CO- CO-
Transformer CB of hydro 3min-CO ' cO i 3min- CO 3min-CO
pro_]ects) ' :
6) - | Lightning (Full wave)
- i impulse withstand
voltage (1.2/50 ps) ' 5 : : 3
6a) | between line terminals ¢ kV, - | 2100 1425 1050 650 170
and ground. L : ' ' :
6b) | between terminals with kVp 1050 650. 170
' circuit breaker contacts -
open : ' . 3
- Lightning impulse kVp 2100 . 1425 -— - -—
-1 voltage applied to one ' '
terminal o _
- Power frequency kVp 455 - 240 -— -— —
voltage applied to '
opposite terminal
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7) | Switching impulse
-+ | withstand voltage
(250/2500us) dry & wet

7a) | between line terminals. | kV, - 1550 1050 - — i
i and ground : - : % o . ' :

- 7b) between terminals with | - | U : - ' R e
circuit breaker contacts o . . o Ce -
open :

- Switching impulse | kvp | 1175 900
volageappled oone |||
terminal :

_Powerﬁ'équency T kvp 650 | 345
voltage applied to R - T

opposite terminal

1.8) i One minute }Sower
: ﬁ‘equency withstand
voliage: "

8a) betweenlmetefmmals - KV s 830 520 '460"' G275 0
andgronnd S ' . : -

“8b) | botween terminals with | KVam | 1150 | 610 | 460 | 275 |- 70
| circuit breaker contacts . B S o S ' '
open

5y Minmmoorona | Kvams | 508 | 320 | 156 | 105 | —
extinction voltage in N S B ' : o B
open and close position.

10) | Maximum radio o micro- . 2500 i 1000 1000 500 -
- | interference voltage for . | . volt (at508 :  (at320 | (atl156 | (at92 -
frequenéy between 0.5t0 | - - | kVrms) kVrms) ~ kVrms) | kVrms)

2 MHzin open and close ' o : R ' :
posmon B

11) Fustpoletoclearfactor T 13 1_.3 . 13 - 13 - _"___-_-'._

12) Maxunumlmechargmg A . 900 600 125 S50 10
- current (rms)(s) : _ i ' : o : :

13) Ratedc_ablechargiﬁg: A | — 400 | 20 | 160 | 50
breaking current ' B S R ' : '
capaCity(rrﬂs) '

' 14). Breaktlme C o 7_ m’s-._ 7 _ o _ o
: - Total break time upto i 45 45 65 65 105
~ rated breaking current | . S AL o

-Rated break time 40 1 40 L 60 | 60 | " 100

{715) | Making fime (closing Tms | <130 | <150 | <200 | <200 | <200
' tlme) ' ‘ E I D Lo o
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' 16). | Difference in instants of”

closing/ opening of
contacts® : . : . -
--'within a pole D ms 2.5 25 25 — -
- Between poles (for _ ms 33 33 b 33 - -
| .opening) . i ' , RE . L
- Between poles (for > ms S5 i 5 5 1 - -
closmg) . S ) R
17) { Maximum noise Ievel(7-) dB - 140 - 140 140 140 140
18) _. Maximum orer- 'Volt_age pau. <19 1. <2_.3.. e --Q N B
on switching of B ' ' ' '
transformer on no—load
19) | Closingfime | _ms | 100 | 100 | 10 | 100 | 100
20) | DCcomtrolvoltage | V| 220 | 230 | 220 | 200 | 230
'721) | Auxiliary contacts | A 10 0.+ 10 | 10 | 10
continuous current rating ' : : B
22) | Awdliary contacts | A | 2. | 2 | 2 1 32 3
1 | breaking capacity (for : ; ' : ' o
- circuit time constant > 20
ms)

@ Parameters given here are for mstallatlons at altitudes not exceedmg 1000m above mean sea level (MSL).
1 For hlgher a1t1tudes necessary correction factor shall be con51dered as per relevant standards

- @ case of hydro power statlons lower Values of rated current may be used as per reqmrement

¢ )The percentage DC component corresponding to mlmmum openmg time under requu'ed operatmg
condition. shafl be as per IEC 62271 100 :

® 765/400/220/132kV Cirouit breaker shall be capable of breakmg 25% ofthe rated fault current at twice the
rated voltage under phase opposrtlon cond1t1011 .

(S}I“he values 1nd1cated here are apphcable for sub-stations. The breaker sha11 interrupt the rated lme charging
i current with test voltage 1mmed1ately before opening, equal to the product of UNB & 1.4 as per IEC: 62271-
100. ' .

:(6} The aboVe sha_l_l be at rated control voltage arid the rated operating and quenching media pressi.1res

% The noise level at base and upto 50 m distance from the base of the CB
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SCHEDULE -6

[ See clause nos. 5 4, (x), Annexure A (clause 5. 0 (d), Annexure B (clause 5 0 (v) ]

SALIENT FEATURES ()F DISCONNECTOR AND EARTI—IING SWITCHES“’

opposite polarity applied to
other termmal

SN De tails i Unit' .-765kV i 400KV 220kV 132kV | - 33kV
T S system system system system system
1) - | Nominal/ Rated voltage. ~kV 765 400 1 220 132 33
2). | Highest system voltage kv 800 420 245 - 145 - 36
3)- -Rated'current- A 3150 2000/ ;1600725 | 1250 as
_ ' SR : 3150 00 . required
4) | Rated fault current and its | kA 40/50 | 40/50/63 | 40/50 | 315 25
‘i duration - _ - i (Isec) | (Isec) i (Isec) o (1sec) {3sec)
15) | Rated dynamic short kAp i 1001125 | 100/125/1-1 -100/125 | 7875 62.5.
circuit current s 4 575 :
6) | Operating mechanism = AC L AC | AC - AC Manual
. I - _ motor motor motor - - motor
i operated | .operated | operated | operated -
& & & &
manual manual | manual | manual
i 7) | Lightning (Full wave) .
- | impulse withstand Voltage
(1.2/50 ps) . - - R
Ta) betweenlmetermmals and kv, 2100 1425 ¢ 1050 .1 650 . 170
- jground BN R | ) . .
7b) | between terminals with - kVp 1200 - . .750. 195
' ~disconnector contacts open ' .
- Lightning impulse kVp 2100 . 1425 - - -—
voltage applied to one - '
" terminal L
. - Power ﬁrequency voltage - kVp - 455 S 240 - - -—
“of opposite polarity : '
apphed to other terminal
8 Smtchmg 1mpu1se withstand
voltage (250/2500;45) dry &
wet -
8a) | between line termmals and kv, 1550 1050 ) e ---
_ i ground ' '
8b) | between terminals w1th -—-- -—-- -—--
- -iclrcuit breaker contacts open : _ . o
- Switching impulse voltage kVp: 1175 900
‘applied to one terminal - R
- Power frequency voltage of kVp 650 . 345
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5

One minute power- frequency

! withstand voltage: - _ . :
Ga) between]_me termmals and KV ims 830 520 460 275 - 70
7 ground N . _ . -
19b) | between terminals with_ KV 1150 | 610 530 315 - 80
* | disconnector contacts open ' ' ' '
" 110) | Operating time Sec. | <20 <12 <12 <z <12
11) Minimum cbrona extinction | kVrms ‘_ 7508 350 - 156 105 —
voItagemopen and close : o '
: p0s1t10n
112) Maxmlum radio interfeféncé . pevolt - ;- 2500 1000-. | 1000 500 -—-
1 voltage for frequency [ (at 508 (at 320 (at156 | (at92
-1 between 0.5 to 2 MHz in kVims) | kVrms) | kVrms) | kVrms)
open and close position . ' ' A P SRR
:13_) 'Total"op'eratingtime __Sec =20 <12 <12 . <12 <12 :
. 14} | Phase to phase spacing mm 15000 : . 7000/ . 4500/ 3000.-_' 1500
i R o 6000 4000 '
' 15) | DC control voliage N 220 220 220 220 | 220
16) | Auxiliary contacts continuous | A - 10 10 0 10 | 10
.. | current ratmg B ' 7 .
17) Auxlhary contacts breakmg A -2 2 2 ) 2
capacity (for circuittime = -
chstant_ZOms

| @ Parameters given here are for installations at altitudes not exceeding 1000m above mean sea level
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o - ‘SCHEDULE -7
[ See clause nos. 5.5 (xn), Annexure A (clause 6. 0 (v), Amnnexure B (clause 6.0 (11) ]

SALIENT FEATURES OF CURRENT TRANFORNIER

Y

)

- between line

SN 'Detalls _ Umt 765kV 400kV 1220kV- | 132kV ¢ 33kV
C ! system system | system | system system
1) | Nominal/Rated - | kV <765 1 400 . - | 220 132 33
- system'vbltage I o o 5
2. nghes"sysmm 3% 800 | - 420 - | 245 145 36
--voltage : L o : T _
No.'ofcores(l) " Nos. i 6/5 1 5 5 1 5. 3.
4) . | Rated pnmaly A 3000 | 2000/3000 1600 {1200 | as
current S e -~ . _ -1 required
5) | Rated transfor-- ' o
' mation ratio B
Protection s ' E o e
- Bus.differential A" §3000- - i 2000-1000/ 1600 - 1200 -~ —_—
' Lo - 12000~ | 3000-2000- . | -800/1 | 600/1 i-
L C C 15001 150071 0 - o
*.- Other ~ . A 3000-  {2000-1000- as as i as
DA - 2000- 500/ required/ | required/ | required/
500/1 | 3000-2000- I T T D e
R R 500/1 - . S a
15b) | Metering® A 13000~ | 2000-1000- | - as as. . as -
Sl - : ' 2000- 500/ .| required | required/:: required/
1500/ 1 3000-2000- /1 10 1
o 1500/1° = -
Rated fault current © kA 140/50(1 | 40/50/63 (1 140/50(1 | 31.5(1 :25(3sec)
and duration . |- ) sec) sec) sec) L.
1 7) | Rated dynamic | kA, | 100/ | 100/125/157.5 | 100/125 | 78.75 62.5
7 shortcireuwit - | 125 | | |
| current - ' N
8) | Lightning (Full kVp - 2100 1425 1050 650 ;170
wave) impulse ' R R
-withstand voltage
(1.2/50us)
- between line
terminals and ground
9)- | Switching impulse . | kVp 1550 1050 R - ——
withstand voltage ' : R -
(250/2500ps) - -
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terminals and ground

(dry & wet)
10) | One minute power | kVrms | 975 | 630 | 460 | 275 75
i+ - | frequency withstand | 1 (dry " (dryonly) o -
voltage | only) T
~ between line - '
terminals and gi‘ound
11) 'Onemmutepower kv 5 K ] 5 SR >
frequency’ - _ : ' P - . e
withstand voltage
of secondary
winding
12) | Minimum corona | KVos | 508 | - 320 | 156 | 105 |  —
’ cxtinction voltage ' . R : o
13)  Maximumradio - | pvot | 2500 | 1000 | 1000 | 00 1§ - —
interference voltage ) {at 508 - (at 320. (at 156 (at 92 :
for frequency - | - kVrms) KkVrms) kVrms) | kVrms)
between 0.5t0 2 : SR B I :
14) MaXImumpaJ’clal T pC | Asper | - 10 | 10 0 | 10
discharge level - - : IEC o ' c L . -
.15) :Can‘_rileve_rs'trength-@) i kg 1 -500 _ -500- 350 350 1 350

For hydro power stations, No: of CT cores and ratios may be as per actual requlrement
) Accuracy class: PS for differential protection and 5P20 for other protection
) The accuracy class for tariff metering core shall be -equal to 0.28 or better as per the ‘Central’
Electricity Authority (Installation and operation of Meters) Regulations, 2006’
® The cantilever strength sha.ll be 150kg for polymer housmg
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SCHEDULE -8 .

[ See clause nos. 5 6 (x), Annexure A (clause 7.0 (lv), Annexure B (clause 7 0 (iv)]

SALIENT FEATURES OF VOLTAGE T RANSFORMER

Details. Umt' 765KV | 400KV | 3306V | 132KV

. 33kV

SN
system .| system | system | system | system
1) | Nominal/ Rated voltage WV | 765 400 | 220 | i3 ___ 33
"2) | Highostsystevoltage | KV | 8§00 | 420 245 | 145 | 36
3) | Fault current and duration KA | 40/50 |40/50/63 | 40/50 | 315 | 25
' S . o R (1se) i (1 sec) (1 sec) {1 sec) (3 sec)
4) -Ratedpﬁmaryvoltage | W 800/y3. -'420143' 24513 1453 | 3613
5) 'Ratedsecondaryvoltage(l) TV 110AB ‘110/\/3 T 110AB | 110A3. | 110A3 -
1 6) Accuracyclass ‘ ' N B A A Y I N :
. i-protection - o 3P ... 3P ) 6P . 6P - i
- metering® ] 02 02 -1 02 | 02 02
%) | Tightning (Full wave) impulse | KVp | 2100 | 1425 | 1050 | 650 170
.| withstand voltage (1.2/50 us) = - = - : R A .
- between line terminals and S
ground
-8) Sw1tchmg nnpulse w1thstand 1 kVp 1550 1050 | - . —-
voltage (250/2500ps) ' B : S = SRR o
.1 -'between line terminals and
ground (dry & wet)
9) | One minute power ﬁequeﬁey _ .. kVrms 975 630 460 . - - 275 75 .
- | withstand voltage - ; oy [y '
-between line termmals and i only) | only)
110) Mmlmum corona extmctlon T KVrms | 508 '_'320 : 156 105 D
R voltage : ' o '
“T1) | Maximum Radio interference | micro- | 2500 | 1000 | 1000 | 500 | -
: ‘1 voltage for frequency between 0. 5 volt (at508 - | (at320 |- (at156 | (at92
o2 MI—Iz ' . . kVrms) | kVrms) KVrms) kVrms)
12) 'Standa_rd reference range of
frequencies for which the
accuracies are valid q : : .
-protection S % 9610 96t0 | 96t0 102 | 9610 NA
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~measurement % 99to | 99t0 | 9910101 | 99to NA
o ' g 101 101 ' ' 101
13} ngh frequency capaeltance for i % 80 to 80 to ‘80to |. 80to | NA
- | entire carrier frequency range 150% of ; 150% of ;| 150% of | 150% of -
: ~rated | rated rated | rated -
‘capacita | capacita | capacitanc | capacita |
nce | - nce e nce -
: 14). Equlvalent resrstance over entire Q <40 < 40 <40 T -
| carrier frequency range ' ‘ - L
15) Stray capacitance and stray Asper | Asper... Asper As per -
. conductance of LV terminal over IEC | IEC IEC IEC
: entire carrier frequency range 60358 | 60358 60358 - 60358
1 16) One mmute power frequency
© .- withstand voltage
: (LV side):
16a) § between LV (HF) termmal and
- iearth - : : : : :
i - for exposed termmals kV e 10 10 10 - -10. 10
- for terminals enclosed in KV s 4. 4 4 4 4
- i weather proof enclosure S N . :
16b) i for secondary winding KV s 3 3 -3 3 3
17) - Rated voltage f_actor 5 . o '
- continuous 1.2 1.2 1.2 12 12
- for 30 seconds 1.5 L5 . 1.5 1.5 1.5
18) | Maximum partial djscharge level | . pC As per . 10 10 | 10 - 10 -
19) | Rated capacitance™ - pF ] 44007 | 4400 | - 4400 |- 4400
. . ’ (+105 - (+10, - ) (_1_103 - (+103 -
590  15%) L 5%) 5%
30) | Cantilever strength® kg | 500 | 500 | 350 350 | 350

@ The minimum burden for metering VT shnll be 50VA to ensure 0.2 M aceuracy class.

_ @ The accuracy class for tanﬁ' metermg core shall be equal to 0.2 or better as per the ‘Central Electncrty
Authonty (Installatron and operation of Meters) Regula’aons 2006°. .

@ For PLCC, capac1tance values shall be as follows :

- for 765kV system
- for400 & 220kV system
- - for 132kV system

4400/ 8800 picco-farad
4400/ 5575/ 6600/ 8800 picco- farad
4400/ 5575/ 6600 picco-farad

® Cantilever strength shall be 150kg for polymer housing,
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- ~ SCHEDULE -9 T
| See clause nos. 5.7 (xii), Annexure A (clause 9.0 (iid) ]

SALIENT FEATURES OF SURGE ARRESTOR

33kV

86

SN '_].)et_ai.ls., T Unit | 765KV | 400KV | 2200V | DIV |
e . . system system system system  : system
T) | Ratedsystomvoliage | KV 765 | 400 | 220 1 132 | 33
2). Highest éystem voltage | kv 1 800 1 420 1 245 145 36
3 Ratedarréstervoltage W 24 336 216 120 30
Z) | Continuous operating voltage KV | 490 T 267 168 | 102 1 25
__.(coV) at50°C _ . . o -
-3) E Discharge current (8/20ps
U wave): : : SRR SR 5 o
5a) | Nominal dlscharge current | kAp 20 20 L 10 10 10 .
~ 5b) | Discharge current at which | kAp- - 20 20 10 10 10
~ i insulation co- ordination will |- : . I R :
bedone - :
G [Mommdshegs WA T B 2 | 5 5 s
' capabihty(l) N . _ R o
D Max1mum residual
i voltage for :
7a) | Lightning 1mpulse current | - : ' e R
T20kA | KV, | 1480 850 | e
Tioka | KV, | - 1 800 600 | 330 90
SkA T, e o Tse0 | 310 85
7b). | Switching impulse S o o
current .~
Tam2kA WV, | 1220 GO N NA
—atikA - | kV, | 1180 T 500 280 NA
Toats00A N R N e “NA
7¢) | Steep current impulse at T Ta%0 35 | 650 | 380 | 110
nominal discharge current : e R : - L
8) | Long duration discharge Class5 | Class4 | Class3 | Class3 | Class3
: class (as per IEC) : . » S
9) | Prospective symmetrical - | kA(rms) | 40/50 . | 40/50/63 . 40750 31.5 25
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fault current for pressure
relief test (for 0.2 Sec.)
'10) : Low current long duration 1 Asper . . As per As per As per | Asper
- 'test value ' - IEC IEC IEC IEC | IEC
N (2000us) | (2400us) | (2400 ps) | (2400 ps) | (2400 ps)
11) | High current impulse test | - kAp | 100 100 | 100 100 ST
| value (4/10 micro sec.) = 1 ' ' '
12) ,Minimum.cc')rona-_extincti.on' 1. erms - 508 320 _ 156 105 ‘NA
voltage ' : B
: "13) | Maximum radio iﬁt’erferencef micro- 2500 500 - 500 _ 500 -
.+ | voltage for frequency volt (at 508 (at 320 (at 156 - (@92
between 0.5 to 2 MHz - - kVrms) kVims) : kVrms) : kVmms) -1
| 14) | Full wave impulse KV, | AsperiEC | 1425 | 1030 650 170
| withstand voltage : 60099-4 : .
(1.2/50p8) ~between line ' o
| terminals and ground
15) | Switching impulse TkV, | AsperIEC | 1050 | NA. NA | NA
- withstand voltage : 60099-4 : :
(250/2500ps) - between line :
terminals and ground (Dry &
Wet) = : :
16) .Oﬁe. minute power .kV(ms). As pér IEC 630 460 g 2’75'- 70 .
“ | frequency withstand voltage | 60099-4 '
between line terminals and - -
ground (dry & wet)
17) | Maximum Partial Discharge | - pC 10 50 50 50 50
- for arrester at (1.05 x COV) ' : '
18) | Cantilover strength® Kg 500 500|350 350 350
_:(]-) wi:h reépect to rafed ﬁoltag_e of artester
1@ The cantile\%er_.s'_trength shall be 150kg for polymer housing.
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SCHEDULE -10 (A)
[ See clanse nos. 5.8.1 (xvii) (a) ]

— SALIENT FEATURES OF INTER-CONNECTING AUTO TRANSFORMER

—__500MVA, 7635/\3/ 40013/ 33KV, single-phase ICT _

D | Refmg (VAVAVY: MVA | 500/ 500/ 1677
22 [ Goolimg T ONAN/ ONAF/ (OFAF or ODAF) or
' L ' R o ONAN/ ONAF1/ ONAF2
: 2b) _ ) Rating at different coo'ling.- 1. % 60/80/100
3) | Vollageraio | KV |76573/400N3/33_
4y - :Végtc_)r Gfoup: L T L :Y.NaO.dl'l |
5) . . Per(':entage impedance _ . ' : .
~HVandIV = % 14 (with IEC tolerance)
- -HV and LV o % 1195 ' o '
~ WendLVv % _ | 180
6) Air core reactance of HV % 20 (minimum)
'. 7) | Service _ Qutdoor
) bay N T Continuous |
9) - Over load capacity ' _ : _ As per IEC — 60076-7_
10) i Ambient tempefatﬁ.re ' ‘c 50_.
11)7'. Lo Temperéture rise - o : -
R -top oil . o °C 40 (thermometer method)
-winding . ~ %C | 45 (resistance method)
12) | Coolingmediom T Mineral oil |
13) | Lightning (Fuil wave).impulse
.1 withstand voltage (1.2/50 micro sec) :
-nv_ kVp | 1950
TV N “kvp | 1300
AR o KVp | 250
4 14) Switching impulse Wi;‘.hstand voltage
o (250/2500 micro sec) : :
LBV ' - i kVp._ 11550
v KVp | 1050 .
- LV . ' - . R
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15} = i One mmute power frequency with
L stand voltage
' - HV - _ kVrms | ---
I\ kVrms @ --
- LV _kVrms - : 95
16) - Winding Eonnect'ion-
e o -HV Star auto
- IV Star auto
- LV Delta
17) | Neutral comxection_. : - . _
- HV ' Solidly grounded .
- IV ' Solidly grounded
-LvV Ungrounded - -
18) | Insulation . _
- HV: Graded
-V _Graded - -
=LV Uniform
19) Tan delta of windings - <0.005 (at 20”(:)- _
20) Tap ranger variatio_nr % | (i) 5.5in 22 steps (on HV wmdmg)
21) | Partial discharge levelat 1.5 pu__ pC | 100 (maximum)
22) | Noise level (principal tap)_ dB | <75 (for ONAN) and |
- : o < 80 (at full load)
23). ~ | Transformer b_uéhing ©
2.3a). Type ,
: - HV 011 filled condenser/ resin 1mpregnated
= paper
e\ Oil filled condenser/ resin nnpregnated
- paper
- Neutral - i Solid porcelain/ 011 commumcatmg
-Lv. ‘Oil filled condenser/ resin impregnated
paper o
23b) . | Rated voltage
- - HV kV 800 .
-1V . kv 420
- Neutral kv 136
-1V kv 52
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Rated current

23¢) T
' - HV LA As per transformer rating and IEC
' 60076-7, IEC 60076, IEC 60137
-1V A As per transformer rating and- IEC
o 60076-7, IEC 60076 IEC 60137 - '
- LV A - Based on SMVA rating
23d) - | Lightning (Full wave) impulse .
i withstand voltage (1 .2/50 miero- sec) _ L
"BV KVp 2100
TV KVp 1425~
- Neutral kVp 170 - -
ULV kVp 250
123e) | Switching impulse withstand voltage
.-(250/2500 micro second) '
_HV KVp 1550
IV KV 1050
" Neutral kVp
v BT
123f) | Ome minute ¢ power ﬁ‘equency w1th
| stand voltage
' - HV - kVrms. 970 -
TV KVrms | 630
- - Neutral - kVrms 70
- LV i kVrms 95
23g) | Corona extinction voltage N
L = HV 1’ kVrms 508
-V | kVrms 320
- Neutral . kVmms | ---
- LV kVrms =
23h) | Tandelta <0.004 (at 20°C)
-231) _Bushmg CT: :
500 MVA (smgle phase) R o o
- Corel A - 3000/ 1, PS (HV/IV/ Neutral
Coe2 7 A 1500/1,02,30VA (HV)
13000/ 1, 0.2, 30VA (IV)
3333 MVA (smgle phase) _ o
Core 1 A - 3000/ 1, PS (HV/IV/ Neutral
"Core 2 A 1500/ 1, 0.2, 30VA (HV)
Co ' 3000/ 1, 0.2, 30VA (IV)
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24) | NeutraiCT(4) - A 400/1 PS

& Contmuous thermal ratmg of LV (tert1ary) w1nd1ng shall be capable of SMV A
- (minimum) active loadmg -
@ On pr1nc1pal tap at rated MVA of HV and v mndmg at 750C
3) W1thout arcing horns :
~ To be located in the neutral conductor connectmg common neutral pomt with earth for

earth fault protectlon
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SCHEDULE -10(B)
[ See clause nos. 5. 8 1 (xvn) (b) ]

SALIENT FEATURES OF INTER-CONNECTING AUTO TRANSFORMER o
(CONSTANT OHMIC IMPEDANCE TYPE) '

_ 500 or 315MVA (whlchever is apphcable), 400/ 220/ 33kv ICT
: (constant ohmic 1mpedance type) -

1) | Rating (HV/IV_/LV)_; T MVA 150075007 167 (3 phase) or
S 167/167/56(2 (Iphase)or

. 315/315/105(3> (3 phase) or
1 105/105/35" (1 phase)

- 2a) | Cooling A - 11) ONAN/ONAF/(OFAF or ODAF) or
, ClT . ' ii) ONAN/ONAF1/ONAF2

jor

4 i) OFAF unit cooler (for GIS sub-

station appllca’aon only)

-1 2b) ‘Rating at di.ffere.nt. c'o_oliﬁg' 1% .760/ 80/ 100 for coolmg ‘mentioned in
' ' o ' ' i) & ii) above and 100% for coolmg
“mentioned in 111) above

3) | Voltage ratio T I [ 400/220/33 (3 phase band)
: SR R : "1 400/N3 /220V3/ 33 (1 phasc)
4) V_eCtbr Grdup:' BEE ) _ _' _YNaOdlI
5) -Percentage-'impedance'(s) - o ' K
-HVendIV - % 12.5 at Principal tap
L e {(with IEC tolerance)
-HVandlV - % 60 (minimum indicative value)
-IVandLV ~ ' % | 45 (minimum indicative value)
6). Air core reactance of HV % 20 (minimum) -
7} -Sewice T : Outdoor
8) | Duty - - _ _ | Continuous.
9) Over load capacity -._ i As per IEC - 600767
110) | Ambient temperature %150
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' i 13)

11) | Temperature rise : i D
- top oil ’C. 40 (thermometer method)
- winding °c 45 (resistance method)
12) | Cooling medium Mineral oil
Full wave impulse withstand
‘voltage (1.2/50 micro sec) - : S
IRV T kvp, 1300
Vv kVp 950
IV KVp | 250
14) " Switching impulse withstand
: voltage (250/2500 micro sec) U R
- HV ' kVp 1050
T _ : —
- LV, -
1 15) One__minufe pbwer frequency
. with stand voltage . :
-HV . kVrms ;570
- IV kVrms | 395
- LV - kVrms | 95
16) -Wiﬁdiﬁg connection
' - HV - Star auto
- IV "1 Star auto,
- LV Delta
17) | ‘Neutral connection R ‘
' - HV Solidly grounded .
- IV Solidly grounded -
--LV Ungrounded
- [18) | nsulation
“HV. | Graded
- IV Graded
- LV Uniform
19) | Tan delta of windings <0.005 (at 20°C)
20). .Tap_ ranger variation % (£) 10 in steps of 1.25%
' (on HV winding)
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121y Partial dlscharge level at 1 5 pu_ 'pC i 100 (maximum)
22) Noise level (prmmpa.l tap)_ 4o dB. | <75 (for ONAN) and
- . R o < 80 (at full load)
23) | Transformer bushing
123a) iType . - -
-HV - o 011 ﬁlled condenser/resm unp:regnated
v 1 loilfilled condenser/resm 1mpregnated '
' e ' 3 | paper | Rt
- Neutral - o i Solid porcelam/oﬂ commmcatlng
-LV - o | Oilfiled condenser/resin Impregnated
I : L paper '
23b) i Rated voltage T A
2 ' - HV L kv o 42000
v kY 1245
- Neutral . 1. kV 136
- LV kv 52
23¢) _ | Rated current o B
1 < BV - A 1250 o
oIV A 2000 (for 500MVA)
- 3 o ' 1250 (for 315MVA)
-« Neutral =~ . -© -~ 12000 (for S00MVA).
o o A -800 (for 315MVA)
-LvV - I ' 3150
- 123d) | Full wave impulse withstand
4 Pyoltage (1.2/50 p-sec) e -
-uv._ KVp | 1425
IV T kvp 11050
- Neutral . S kVp 1170
LV 1 kVp 1250
23¢) | Switching impulse Withstand '
' - i voltage (250/25 00 micro
second) : _ '
v “kVp | 1050
w7 kVp |-
- Neutral _ kvp | -
v | KVp | —
23f) - | One minute power frequency
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with stand voltage

- HV i kVrms | 630
S IV kVrms : 460
- Neutral kVrms | 75
- LV kVrms {95
23g) | Corona extinction voltage R
-BHvV . - kVrms | 508
IV kVrms | 320
. = Neutral kVrms | ---
- LV kVrms | ---
23h) * | Tan delta < 0.004 (at 20°C)
23). Bushing CT: L
' - 500 MVA (single phase) : :
- =corel : 1600/ 1, PS (HV/IV/Neutral)
-core2 600/1,02 (HV) -
_ ' ' 1000/1 0.2 (IV).
-315 MVA (smgle phase)
- core 1’ 1000/ 1, PS (HV /TV/N eutral)
- core 2 1000/ 1, 0.2 (HV) '
- 600/1, 02 vy =
24) | Neutral CT(” ' 400/ LPS

- Contmuous thermal rating of LV (tertlary) winding shali be capable of 167MVA .

(minim um) reactive and SMV A (mlmmum)actlve loa

@y

img

Co ntinuous thermal rating of LV (temary) wmdmg shall be capable of S6MVA
' (minim um) reactive and 2MVA (mmnnum)actwe loa

ding

10 Contmuous thermal ratmg of LV (tert1a1'y) wmdmg shall be capable of lOSMV A

(minim am) reactlve and SMVA (mmlmum)actwe loa

img

@ Contmuous thermal ratmg of LV (tertlary) wmdmg shall be capable of 35MVA .

(minjm um) reactwe and 2MVA (rmmmum)acnve loa

ding

¥ On pnnclpal tap at rated MVA of I—IV and IV mndlng at 75°C

1 ® Without arcing horns

™ g be located in the neutral conductor ¢

ommecting ¢

:ommon neutral point with earth for

earth fault protection
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SCHEDULE -11(A)
[ See clause nos. 5 8.2 (xvu) @]

- SALIENT FEATURES F OR 765/\/3 KV (1 PHASE) SI—IUNT REACTOR

80/ 110(1 phase for 3 phase bank ) b

9%

D Ratmg T MVAR
12) | Nominal/ Rated voltage 1765 N3 kV
3) " Maximum operating voltage 800 /V3kV
4) "Winding connection (3 phase) Star with neutral broughf ouf ' _' :
: 35 Neutral earthmg . Earfhed through neutral reactor
6) 'Xg/Xlratw ' '._0.9to 1.0
7-_)_ ] | Magnetizing charactéristics _ .Linear'upto I.S pu(l),_
1 8) i Tolerance on current e 0 to +5% for a l.phas.e unit and -
o . ' : +1 among different phases of 3
phase bank -
. 9) ' :Permissibl_e unbalénc_e cur_reﬁf K2 1 (ambng diffei’ent phases).
| '10)-, -+ Ambient terﬁp-erature. | . _UC' 150
1 Telﬁperatllfe tise N :
' - top oil °C | 40 (thermometer method).
__~ winding c 45 (resistance method)
12) i Service “Outdoor
13). - Cooling medium — Mineral oil -
14) | Lightning (Full wave)
o impulse withstand
voltage (1.2/50 p- sec) _ ' _
- winding . - kvp | 1950
- neutral of reactor(z) kVp 550
-1 15) SWitching’ impulse withstand
N voltage (250/2500 p-sec) _ _
- ‘winding kVp 1550
- neutral of reactor : ---
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| 16) One minute power frequency

with stand voltage
- winding - : -
-- neutral of reactor . kVrms | 230 7
17) | Tan delta of windings T I<0.005 (at 20°C)

- 18) | Partial discharge level (1.5pu) | _ pC | 100 (maximum)

19) | Noiselevel | dB | <80at800/ V3KV andrated

120) | Reactor bushing ©.

i 20a) _.Type'.

B 1R " Oil filled condenser bushing with _
o . test tap/ resin impregnated paper -
= Neutral -~ = K -1 Oil filled condenser bushing with

| test tap/ resin impregnated paper

- 20b'j Rated voltage

THY | kv 8o

" Neutral HERTARE

-20(:} T Rated current

N\ A o A -AS"per rating of transformer

_ _ . bushing and TEC .
. - Neutral R 1~ A | Asper rating of transformer
o ' bushing and IEC

20d) Lightm'_ng (Full wave) I_
-+ i impulse withstand voltage

(1.2/50 psec) - ol
1 - HV " : - kVp 12100
- Neutral 1 kVp 1650
1 20e) - | Switching impulse withstand
' ‘voltage (250/2500 psec) i
' - HV : ' kVp 11550
“Newral Vp -
20f) .| One minute power frequency
"1 with stand voltage _ '
- OV ' kVrms | 970
- Neuiral o kVrms | 275
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20g) ‘Corona extinction voltage _
: - BV kVrms | 508
- Neutral kVrms |
20h) | Tan delta (at 20°C) <0.004
20i) | Bushing CT:
- -core 1 11).300/1, PS (Line side) -
a ii) as per WTI requirement
(Neutral side) .
- coré:2. 7,1) 300/1, PS (Line 51de) N
K ' 11) 3000-2000 500/1, PS (Neutral _
51de)
' - core 3 i) 300/1, PS (Lme suie)
' ii} 3000- 2000 500/1 PS (Neutral
: 51de)
T core 4 1) 300/1 M (Lmé side)
o if) 300/1, PS (Neutral s1de)

g ™ The saturation charactenshcs shall requu‘ed to be furnished by the manufacturer '
1@ Neutral is to be brought out through 145kv class bushmg '

- ® Without arcing horns
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"~ SCHEDULE 11(8)
[ See clause nos. 5. 8 2 (xvu) (b) ]

SALIENT F EATURES FOR 7 65KV NEUTRAL REACTOR

D 'Ra_tmg T _ MVAR As per pro;ect _system studies
2 |Ratedvolags - | KV | 145 (as per insulation
Lo ' L | strength)
3) ) Type T e i Dry type air core
|4 Tsulation " Graded of Uniform
) 'Maxnnum T continuous Apmis 20
g . cun‘ent :
6) = Rated short tlme current CAms 240" (for minute)
o 7y | Rated unpedance at rated Q | Asper ptoject system st_udies
| short time and contmuous - x '
current
: 8) '-Conﬁect_ibﬂ’ _ _ K T | Between - neutral of shunt

reactor and ground

9) [ Service . ._ - ' Outdoor

10) . __Lightlﬁng (Full wave) -
| impulse withstand
voltage (1.2/50 p-sec)

"= line side KV, | 550
- groun'd side - kv, 195
1) - One minute power |
_ ﬂequency with stand
‘| voltage = - :
- ground side -~ i kVpms |38
112) Grounding Solidly grounded

13) | Mounting”

1) Pedestal insulator

- Type | Porcelain/_ Silicon _rubber
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o | , (Polymer) =~
- Creepage distance . mm | 438 (minimum)

-Full wave impulse .~ | kV, |125
withstand voltage = | LR
Q 2/50 p-sec)

- One minute power freq- | KWVomms 38
uency with stand - I A

voltage S o _ o
i) Mountmg structure | - | Non magnetic .
WPe_ DR S S

| 14) Neutral CT (common) T 300/1 pS’

Y However the reactor shall be of 600Am,s to ensure mechamcal robustness .
@ “The reactor shall be mounted high above ground level for free and safe.

aecess of personnel
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SCHEDULE -12(A)
[ See clause nos. 5 8 2 (xviii) (a) ]

SALIENT FEATURES FOR 400/\/3 KV (1 PHASE) SHUNT REACTOR

' 1) Ratlng MVAR 50/63/80/ 125 ;
(1 phase for 3 phase bank )
|2) Nominal/ Rated voltage _ 4'00 N3kV
' [3) Maximum operating voltage _ 20 /\/ TV
| 4) Winding connection (3 phase) Star Wlth neutral brought out
15) Neutral eart}ﬁng ' Ea.rt_hed through neutral reactor
T8 Xo/ Xi ratio 09t01.0
7) Magnetiiing characteristics Linear upte_ 1_.5pu(1).
8) "foleraﬁ'ce on current % 0 to +5 for a 1 phase unit and 1
. B ' among different phases of 3 phase
_ _ : _ ‘bank
9} Permissible unbalance current % izl (among different phases)
10) Ambient temperatire °%C 50
11) Temperature rise _ _
- top oil ' °C 40 (thermometer method)
- winding °c 45 (resistance method)
'112) Setvice Qutdoor
13) Cooling medium - Miner_él oil
14 Lightning (Full wave) impulse
' withstand voltage (1.2/50 p-
_se_c) _ A
--winding kVp 11300
- Deytral of reactor” kVp 550
15) Switching impu]se withstand
voltage (250/2500 micro sec) ' :
- winding - kVp 11050

- neutral of reactor
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16) One minute power frequency '

with stand voltage -
- winding _ -
- neutral of reactor kVrms | 230
17) Tan delta of windings ~<0.005 (i 20°C)
18) Partial discharge level (15pu) | pC | 100 (maximum)
7'19) Noise level dB | <80 ar 400 V3 KV and rated
S . ' _ _ﬂequency '
20) .Reactor bushing®
"20a) Type |
. -BHV Oll ﬁlled eondenser bushing w1th'_
L ' test tap/ resin impregnated paper
- Neutial -~ | Oil filled condenser bushing with -
L test tap/ resin impregnated paper
. 2()b) Nommal/ Rated voltage . o
- --HV _ kv 420
- '~ Neutral kV. 145
200) Rated current ]
-1V, ) A 800
- Neutral - A 800 .
' 720d) Lightning (Full wave) |
: impulse Wlthstand voltage
¢ 2/50 L sec) S _
- HV i kVp 11425
- 'Neiltral . ~kVp 1650
20e) Sw1tch1ng unpulse w1thstand
Voltage (250/2500 p sec) : -
- HV kVp 11050
- Neutral . kVp |-
1 20f) One minute power ffequency
with stand voltage
- HV . ~kVrms | 630
- Neutral . kVrms | 270
20g) Corona extinct.ion.volfag'e
.- HV ' B kVrms ! 320
kVrms

- Neutral
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'20h) Tan delta e <0.004 (at 20°C)
'[20i) Bushing CT:
Tooel 1) 30071, PS (Line side) _
e : ii) as per WTI requlrement (Neutral
side) -
eed 1) 300/ 7S (Line side) i
S o S i) 3000-2000-500/1 or 2000-1000-
' -500/1 , PS (Neutral side) -
_.--_."core'g T T 30001, PS (Line sde)
- i) 3000-2000-500/1 or 2000-1000-
50071, PS (Neutral 51de)
Tcored 1 T 30071, 1M(L1nes1de)
L BRG] 300/1 PS (Neutral 31de)

W The saturatlon charactenstlcs upto 2.5 pu shall also be furmshed by manufacturer

@ Neutral ig to be breught out through 145kV class bushmg

® thhout arcmg horns
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SCHEDULE -12(B)
[ See clause nos. 5 8.2 (xviii} (b) |

SALIENT FEATURES FOR 400KV NEUTRAL REACTOR

1) Ratlng MVAR As per proj ect system
- i studies
2y | Nominal/ Ratéd voltage kV. 145 (as per msulanon .'
o - : o i strength) -
3 iType | Natural oil cooled
@ eulation Graded or Uniform
5) Maxmlum .. .continuous | .A@S. 10
-} current.
6) | Rated short time current Ame | 60 (for10sec)
1D _Rsted n.npe.dance. atrated Q 600 to 2500 _
I short time and contmuous i (Asper pl‘Oj ect system
| current studles) -
8) _Cdnnecti_on ' Between ne_uti'al of shunt
' : ' | reactor and ground
9 Service | | Outdoor |
10y | Cooling medium _ Mineral oil _
11) | Ambient temperature . 0C 150
12) _".Temperatur‘e rise . o
~topoil °C | 45 (thermometer method)
- winding - %C |50 (resistance method)
113) | Lightning (Full wave)
: impulse withstand
voltage (1.2/50 u-sec) : :
- line side kVp {550
- ground side kVp 195
14) One minute power

frequency with stand
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voltage - o
- line side kVrms ;230"
_-_ground side kVrms ;38 -
15) | Tandeltaof winding (at | | <0.005
116) | Reactor bushing o)
16a) | Type B -
- 1 -HV | Oil filled condenser bushing
o | with test tap/ resin =~~~
- - - impregnated paper . -
- Neutral Solid porcelain or Oil
- B communicating
16b) " Rated voltage : S
- HV kV 145
- Neutral kV 124
16¢) | Rated current R
B -HV A {800
- Neutral A :
16d) | Lightning (Full wave)
- | impulse withstand voltage
(1.2/50 usec) u e
- HV kVp 650
= Neutral _kvp 1125
'1_66) . Ohe minute power
L frequency with stand
voltage o N _
. - HV kVrms {275
- Neutral . kVrms 150
16f) | Tan delta <0.004 (at 20°C)
17) i Grounding Solidly grounded
18) Mounting : R
- HV - Tank cover
- Neutral - ' Tank cover
19) | Neutral CT (common): 30071, PS
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" The reactor shall be mounted h1gh above ground level for free and safe
access of personnel

@ Neutral to be brought out through 24kV class bushmg

( Wlthout arcmg horns
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"SCHEDULE-13 -
[ See clause nos. 6 2.1 (c) (xw) }

RATINGS & REQU}REMENTS OF PLCC TERMINALS

107

1) ;Mode of transmlssmn_ S Smgle side band amphtude
. - o modulation
2y | HF rango Kz | 4010 500
3) Nominal . carrier frequency | . kHz g Ino..x4 (for single channel sets) I,
.iband ' ' 2nos..x4(for twin channel sets)
R - e Effectively transmitted | Hz  300to 34000r more
“t . I -speechfreq. band or signal ' ' :
“freq. band when only speech
or signal is transmitted -
LI Eﬂ'ectlvely transmltted T Hz | Specch: 3000 2000
HERR speech plus signal freq band ~ | Signal: 2160 to 3400
in case of multl—purpose air or more
'cond1t1oned kmsks use
1 6) Nommal Impedance _ B
- ' Carrier freq side: Q ‘150 balanced or -
R - ©'75 unbalanced
VE-side: Q. 600
7) - | Nominal carrier freg p'oWer - Adequate to maintain prescribed
o ' : S/N ratio under adverse
con’dit_ions
8) | Supply voltage (DC) V| 48 (1010 +15%)
9) Ffe"ci difference between voice As per relevant IEC/ IS. _
i freqgband = - o -
transmitter and recelver in a
‘pairof PLC
terminals
10y -} Stability of carrier freq from ‘Hz | £10
its nominal ' : '
value 3
Iy Effectlvely t‘ansmltted speech KHz | Within 0.3 t0 3.7
.| and data '
| signalfreq. band
Relative level across 6000
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(VE side) - " T dBdB | 0to-17

- 4 wiretransmit - . | dBdB. | (-)3.5t0(+)8
. - 4-wire receive E 0
| - 2wiretransmit -~ (7
- 2 wire receive : S
'13) " | Level regulationscontrol | ~ - | In case of a 30dB change in the
' (Automatic Gain Control) : | carrier frequency signal level

within the regulatlon range, the
change in voice frequency -
_receiver levels of both speech &

signals shall be less than 1dB -

14) | Telephone signaling channel |-~ | Frequency shift keying (pulse

o L i~ .- - i distortions) of the tele-phonic
signaling channel at signaling
-speed of 10 pulse per'second shall
‘be less than Sms for one pair of
. termmals :

The 31gnalmg channel shall be
operated by a potential free open

| or closed contact at the transmit -
side and provide a potential free _'
i change over contact atthe .

| receiver side. All relays to be

| provided in the speech circuits

shall be hermetically sealed.

T15) 1 300-400Hz:-09t0+3.0dB | or | +1.5dB for the complete band of
© 1 400-600Hz:-0.9t0 +1.8dB _ - 300 to 2000Hz (without com-
600 - .1600' Hz. - 0.9 t0 6.9 1 pander).
dB .
1600-2000 Hz - 0, 9 to +1.8
dB ,
'-'16) © ¢ - Permissible hmits for variation of overall loss (attenuation) of the.speé.ch

| channel relative to 800Hz for back to back operatlon of one pa1r of termmals .
w1thout com—pander '
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SCHEDULE -14
[ See clause nos. 6.3.1.1 {ii) ]

) _SALIENT FEATURES OF LT TRANSFORMERS

8)

109

N RN Parameters _
SN - Details Unit For 11kV For 3.3kV For 415V
' - system system _system
1y [ Type 2winding | 2 winding | 2 winding
Service “Indoor 7 Indoor ™/ | - Indoor @/
B Qutdoor Outdoor Outdoor -
3 Phases. ' Nos. 3 .. 3 3
4 Ratings Asrequired | Asrequired | As required
Duty Continmions | Conﬁnuo_us‘ Continuous
6) B Windings :
6a) - | Insulation o Uniform Uniform Uniform
~ .1 - Power frequency | kV rms 28 ‘10 3
withstand : ' -
voltage , :
- Basic impulse kVp 75 40 -
~ withstand ' '
~voltage- . _ S
i - Highest voltage | kV 12 3.6 0433
| for each : '
:  winding : :
6b) | Ambient °C 50 50 50
temperature '
1 6¢) | Temperature rise
i Outdoor: o _ : _ .
i -topoil (by ’c 50 50 S0
thermometer) L 5 2
~winding (by | °C 55 55 55
resistance) . i '
Indoor: . : -
- winding (by . | - °C 90 90% oW
resistance)
7) . | Earthing solidly solidly solidly
- grounded grounded grounded
Tap changer (off | % 5 (25% | 15 5% | 15 (2.5%
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circuit) - on HV _ steps) steps) - | steps)
side : : . .

9) . -\ Bushing:. : R _
- Rated voltage © = | kV . o120 o8 360 0 o 1l
-BasicImpulse. ~  kVp . 75 T

. level . S B S T :
-Wet, dry power kV ol 280 10 3
i withstand voltage - - ‘ : e

| -Minimum mm 1300 9. i . 25

creepage d1stance L L k A o
{ ~Mounting. =~ imm . | Transformer | Transformer | Transformer !

- - ~ body body body -
10) | ‘Terminal details: - R o . _

o '-High Voltage Bus-duct .. | Bus-duct | Bus-duct/
SR o A B Cable box ¥

O Dry type epoxy cast resm/ resin encapsulated aircooledtype . - -
@ Non- segregated bus—duct for transformers rated IOOOkVA and above shall be

- provided :

® it may be lower as per class of 1nsulat10n

| Notes:
i 1) The class of msulatlon of the dry type transformer shall be Class For better
] 2) The noise level at rated voltage and freq shall be as per NEMA Pub TR.
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SCHEDULE 15

[ See clause nos. 13.0, Annexure A (clause 19.0, Annexure B (clause 9. 0) ]

INTERNATIONAL/ INDIAN STANDARDS

TEC 60044-1

Instrument Transformers - Current transforme'rs _
1 IEC 60044-2. Instrument Transformers Induotrve Voltage -
L -transformers '
IEC 60044;_4 a : 'Instru_ment Transformers - Measurement of partial
' e 'discha’rges e .
| IEC 60044-5 . 'Instrument Transforrners - Capacmve Voltage

transforrners :

TEC 60050 Ch, 421

lnternatronal Electro-technical vooabulary- Power

_transformers and reactors

-~ High voltage test techmques

IEC 60060

IEC -60_071' Insulation co- ordmatron Apphcatxon gu1de
' IEC_60076 : Power transformers
_]EC.60.076 -7 'Power transformers Loadmg gmde for oil- nmnersed

power transformers

TEC 60076 - 11

-Power transforrners — dry type tranSfonners

IEC .60099-.4 ' -_ '_Surge arrestors Metal oxrde surge arrestors without
' - - gaps for AC systems -
| 1IEC 6.0099-_5 ; Surge arrestors Selecnon and application
' o . recomrnendatlon §
1 IEC 60129 Specification for alternatrng current dlsconnectors and
' ‘ i earth1ng swrtches ' -
IEC 60137 | | Insulated bushlngs for altematmg Voltage above 1000V
IEC 60185 - Current transforrner :
1EC 60214 Pari 1,2 | Tap changers -
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IEC-60255 (1 - 23')

Electrlcal relays

- | Guide to testing of circuit breakers wrch respect to out-

IEC 60567

1EC 60267
- - of phase smtchmg
TEC 60270 ngh Voltage test techmques Partial drscharge
' : ' measurements ' -
- IEC .602_73 C_haracten_strc of indoor and outdoor post insulators for -
: - i systems with nominal voltages greater than 1000 V
TEC 60296 " Mineral insulating ol for transformers and switchgear
1 TBC 60353 Line traps for AC power systems _
TIEC 60358 ' .Coupling capacitcirs and capaciter dividers | |
TEC 60364 ] .Electrlcal mstallatlons for bmldmgs
~'IEC 60376 : Spec1ﬁcat10n of technical grade sulfar hexaﬂuonde
1. - (SF6) for use in electrlcal equrpment -_ L
IEC .60'42_2 _ ""Mineral 1nsulat1ng 011s in electrical equipfnent -
L . Supervision and maintenance guidance :
- [1IEC -60427 e Synthetlc testmg of high voltage alternatmg current '
' - SR cn'curt breakers - _ .
IEC 60439 Lo_w—voltage switchgear and confrol—gear'assembiie‘s
TIEC 60479 Effects _o'f current on human beings_an.d livestock
_ IEC 60480 | Guidelines for the checking and treatment of sulfur |
' hexaﬂuonde (SFs) taken from electrzcal eqmpment and
' spemﬁcatlon for 1ts re-use .
"I'IEC 60481 COup_zing devices for power line carricr systems.
LIEC 60495 B | Single sideband power-line carrier ternﬁrral_a
IEC 60529 'Degrees of protection provided by enclosures (IP code)
" | TEC 60542 | Application guide for on-load tap-changers
01l filled electrical equipment — sampling of gases and .

of oil for analysis of free and dissolved gases - guidance
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TEC-60599

Mineral oil-impregnated electrical equipment in service -

{IEC 60815

Guide to the interpretation of dissolved and free gases
analy'sis .
$IEC 60621 Electrical mstallations for outdoor sites under heavy
- -condltions (mcludlng open-cast mines and quarnes)
IEC 60694 | Common spemﬁcauons for high-voltage smtchgear and
' ' control gear standards :
Selection and d1rnens1on1ng of high- voltage msulators

intended for use 1n polluted COHdll‘.lOIlS '

TEC 60870-5-103

Transm1ss1on_Protocols, Companion standard for the .

~ inforrnative interface of protection equjpm'ent :

- IEC 60870-5-101

_ Transrrnssron Protocols, cornpamon standards espec1ally
for basrc telecontrol tasks

TEC 60870-5-104

Transrnissmn Protocols Network access for IEC 60870-
5 101 usmg standard transport proﬁles o

IEC 61000 - 'Electrornagnetical compatibility (EMC) :
IEC 61_'128_ L Alternating current disconnector - Bus transfer current
e sw1tch1ng W1th dlsconnector : :
IEC 61129 . Alternating curtent earthmg swrtches mduced current :
R sw1tch1ng
TEC/TS 61639 Direct connection between power transformers and gas-

insulated metal-enclosed sw1tchgear for rated voltages of

72, 5 kV and above

Electncal substatlon automation .

IEC 61850 (1-10)

: Electnmty metering — Data exchange for meter reading,

1 IEC 62056 -
o tariff and load control
IEC 62155 - Hollow pressuﬁaed and unpressurized ceramic and glass
. insulators for use in electrical equrpment wrth rated
Voltages greater than 1 000 V
IEC 62271-1 High Voltage SWitchgear and Control gear — common =

speciﬁcatlons

{TEC 62271-100

High—voltage switchgear and controlgear - alternating
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current cn’curt breakers '

IEC 62271-110

ngh-voltage sw1tchgear and controlgear Hrgh—voltage

sw1tchgear and controlgear Inductive load switching

TIEC 62271-102

. Hrgh-voltage smtchgear and controlgear — alternaung

current d1sconnectors and earthing smtches -

[EC 62271203

ngh-voltage sw1tchgea:r and controlgear Gas lnsulated _ _. _ :

metal enclosed sw1tchgear for rated Voltage above 52kV'

IRC 62271-209

' ngh-volta_ge swrtchgear and controlgear - Cable - =
1 connections for gas-insulated metal-enclosed switchgear :

for rated voltages above 52 kV - Fluid-filled and -

| extruded insulation cables - Flurd—ﬁlled and dry type |

cable-termmatmns

TEC 2271:-303 .

ngh-voltage Smtchgear and Control gear Use¢ and -
handlmg of SF5 : : .

S 2026 Part B |

Power transform’ers o

. IS 2099

Bushings for alternating voltages above 1000 volts

118 -'6600 ' — Guide' for loading of oil imm.er_sed transformers.
IEEE.stan'dard 80 Guide for safetj_r in AC subatation ..ground.ing
. IS 3705 I Code of nract_ice for cur_rent t'rans'formers.
| 1S3 156" 'Vcltage_transfo_rmers -

IS3347 Part 18

Dimensions for porcelain transformer bushings for use in

lightly polluted atmospheres

1S9792 Part 1.~

~Guide for testing, calibration and maintenance of AC

electricity meters : Part 1 Smgle phase whole current .

i watthour mieters, Class 2.0

IS 11426 Part 1

'Altematmg current precls10n electricity meters for
-1 testing purposes : Part'1 Requ:lrement for electro-

mechamcal meters :
IS 1 1448 Application Guide for AC Electricity Meters
1S 13779

AC Static Watthour meters, Class 1 & 2~ Specification B

114




) Géneral Guidelines for
765/400/220/132kV substations and -

switchyard of Thermal/ Hydro Power Proj ects

AC Static transformer operated Watthour and VAR-hour

1 IS 14697 :
a meters, Class 0.285, 0.58 and 1.0S - Specification
IS 15707

Testmg, evaluation, mstallauon and mmntenance of AC
electnc1ty meters — - Code of Practice :

18-159503011

Data.Exchange for Electricity Meter Reading Tariff & Load

Control — Companion Specification ..

CIGRE

Guidelines for conducting design reviews for

Publication 202 | transformers 100 MVA and 123 kV and above
WG 1219 | Short circuit pérformanoa of transformers
CENELEC/ SVDB 5 _Pfessure vessel codes

Rk Rk
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| No CEA/S-41(08)/Secy/2009/ ﬂ/g LT Dated: 11.01.2010

Offiee Order

' S_ixb' Constltutmn of a Comnuttee of Experts for the preparahen of a document 7
" entitled “Standard Design Criteria / Gmdehnes-765/4ﬁﬂ:'220kv Sw:tehyard for -
] Thermai Power Statmns (2:: 500 MW or above)”—Reg : -

~ In order fo standardlze the major parameters and set guldehnes fer Smtehya:ds and
asseelated equipment upta 765 kV and lo bring onta documeni entitled “Standard Des1gn .
Criteria / Guidelines-765/400/220kV Smtchyard for Thermal Pover Stations (2x 500 MW

©or above)”, it has been decided to constitute a Commiittee dompirising experts in the field of

o des1gn, operation. and’ mamtenanee .of EHV Sw1tehyards frem CEA utlhues .
manufacturers aud consultants ' . - o :

- 2 . The Comm1ttee shall con31st of the follewmg members = _'

s (i)'.ﬂ Member (PowerSystem) CEA - S -Chau'man .

- () . ChiefEngineer (SE&TD),’ CEA S ‘-Member-"
-+, ~(iii) . Representativé from NTPC - L e ~Member'_
.(iv)" -Representative from PGCIL, ST Membér
©. {v) . Represciitativé frors BHEL - - | L '=—Member -
* ~(vi) - Repeesentative from UPRVUNL ST T -Member';.
o i) ‘Representative from M/s TCE o JA';'- 5 --Member_-.
- (vil} -Representative from M/s. Tanco Infra .7 ~Member- R
(ix) :Representatwe from M/s ABB - © - Y. Member T
(X) . Representative from M/s Areva oo iMember ¢
. (xi)- Reépreseiitative from M/s Siemens T ': - - Member
Co{xil) Representative from M/s Reliance lnfra T U Member. -
T (i) Chlef Engmeer (TE&TD) CEA ' -~Member Secretary

The Comrmttee may co—opt any other member as jt may deem necessary

- The Committee sba]l submlt 1ts report wxﬂfun B(Three) monﬂis from the date of s
lSSUﬂ of ﬂus Order ) S )
The TA/DA and other expenses shall be bome by the fespeetwe orgamzatmns of
the members of the Cem:mttee _ _ : :

) A]I the Orga.mzatmns 7 Power Ut111t1es are requested to  nominate thelr ’
representahve as member of the Comm:ttee alang w1th an a!temate member and intimate




To Chief Eﬂgmeer (TE&TD) CEA, thc Member Secretary of the Comnnttee, Sewa - i
UBhawapn, R.K Puram, New Delhi -~ 110 066 (I‘el - No.. 011-26103488 Emall - )
scha.ndm 1950@)'31100 co.in. ) -

Kz

@
o lp-de2oio
(.P.Singh) -
Secretary, CEA - 7
Tel. No. 011—267108476

1 _Member(PowerSystem) CEA . RS o : o :

. 2. ChiefEngincer (SE&TD), CEA - Y IUAT ol ’ﬁ.,
3. Chief Engineer (TB&'I'D)), CEA ol [,’L,GL ‘_1 ’ ‘:'L""""““' 7’3"“” o A ”T =
- - 4.-CMD, M/s NTPC Limited, NTPC Bhawan, Scope Complex., Insﬁtuhonal ‘Area, :
RIS ’_LOdI Road,New Delhi- 110003. Fax No. : 24363050 ’ S

- 5. - CMD, -M/s Power Grid Corporatton of India Lid, SAUDAMINI, ?loiNo 2, Sector 29 : N
Gurgaon— 122001, Haryaha, Fax No.: 0124-2571760 2571761 - ; .
6.7 CMD, M/s BHEL BHEL House, Siri Fo:t, New Delhi 110 049 Fax No, 011- o

©o 26493659 7 L -
© 7. Managing. D]rector, M/s UPRVUN Itd, Shakti Bhawan, 14 Ashok Marg, _'

- - Luckndw-226001 (U.P.). Fax No. : = 0522-2287861 ' o
- 8. Managmg Du‘ector M/s TCE Shcnff Centre, 73!1 St Marks Road, Bangalore- - o
- . .560001. Fax No:- 08022274873 . . -

-.9. -Managing Ditector, M/s Lanco Infratech Ltd PlotNo 397 Phase-l]l Udyog
"o ’Nihiar, Gurgaon = 122016- Fax No.: 0124- 4741400 Lo
- 10.-‘Managing Director, ‘M/s ABB Lid., Corporate Ofﬁce 49 Raoc Course Road
.- . Bangalore (Kamatka)Fax No; 91- 80—22949148
* 11, Managing Director, M/s Areva T&D. India, A~7 Sector 65 NOIDA Gautam .

- ’BudhNagar, (UP.). Fax No. 0120-4790285 ~ - - - FR
" 12.'Managing Director, M/s Siemens Ltd., PTD-HI (FACTS &:HVDC), —A Sector-—

" - 18, Maruti Industris] Area, Gurgacn = 122015, Fax No. 91- 124- 2846061 : .
13. Du‘ector (Operatlon), M/s Reliance Infrastructure F4d, Rehance Energy Dnnsnon, X
) 6l Floor, Sanl':a Cruiz East, Mumba.t 400055 Fax No 022- 30371789 ’

7 C EX fnr kmd mformafmn to :

1 ‘Memiber (Th), CEA
_ 2. SAto Chairperson,CEA’

%, .
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- List of 'Noniinated Members from -VariouS'Otganisations :
‘1. PGCIL  :  Sh M.C.Bhatnagar, GM (R&D), PGCIL
B S Sh. RK Sarkar AGM (Engg—S/S)

. __Alternate Member
- Sh. K.Rathore, DGM (Engg-S/S)

2. NTPC  :  Sh AKGupta GM (Elect &C&I)

3. BHEL : | : _. Sh. SNayar
T | - Alternate Member :
_ Sh. V.K.Chauhan
4 UPRVUN |  ShE RKKatlyar SE.
5. NHPC | | - Sh. Ratish Kumar, General Manager (DEM)
6. .‘TcE" . e ~Sh, MSVenkatesh Murthy, DGM (Elect)
.. | - Alternate Member

" Sh.S.S. Satish, Senior Manager (Elect)
7. - LANCO | - Sh Mano; Pant GM (Elect)

- _ Alternate Member _ - o
' Sh. Sudhir P_athak_ DGM (Elect.)

8 ABB :  Sh/N.Venu, Sr. Vice President
9. SIEMENS :  Sh. JoseJoseph, V.P. (High Voltage Substation)

* Alternate member : o
: Sh Satyendra Sharma, ‘Chief Manager, Pro_]ects '

10.. AREVA - :  Sh Alok Gupta oM, System—RS PLSCI

11 Rifra  : Sh Deepak Saxena,
. Asstt. VP, (SW1tchyard & Transmlssmn)

- Alternate Member _
Sh. Rabindran Singh, Asstt. V.P. (Core Elect.)
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List of Partlcl ants in the Meetm held on 9.4. 2010

CEA:

Sh. $.M.Dhiman, Member (GO&D) =
Sh. Suresh Chander, CE (TETD)
Sh. S.K.Thakral, CE (SETD)
_Sh. RK.Rastogi, CE(HETD) |
Sh. Prabhat Mohan, Director, (SETD) .
- Sh, T.K.Saha; Director (Elect.) (TETD)
- Sh. S.K.Ray Mohapatra, Director (SETD) "
- Sh. Sanjay Srivastva, Director (HETD)
. Sh. Y.K.Swarnkar, Dy.Director, (SETD) -
10. Sh. H.R.Arora, Dy. Diréctor, TETD '_
: _11 Sh. B.R. Alwam Asstt Director-1, TETD

o@sw@&v&&f

Commlttee Members

Sh M.C. Bhatnagar GM PGCIL
Sh. R K.Sarkar, AGM, PGCIL. -
-Sh, S_.P_.Hambarde, DGM, NTPC
~ Sh. Devendra Singh, BHEL
- Sh. R K Katiyar, S.E., UPRVUN
Sh. Manoj Pant, Lanco ,
Sh. ‘Satyendra Sharma, | Siemens .
Sh. Deepak Saxena, Asstt. V. P, Rlnﬁa
‘Sh. Purushottam Kalki, Areva
.- 10. Sh. Jayant Amresh, Areva
- 11. Sh.Nagendra, Areva - . - -
12. Sh.'Suranjan Pal, ABB
-+ 13. Sh. Vineet Sikka, ABB -
. 14. Sh. Yogesh shendre; ABB.
~ . 15. Sh. Rupinder Singh, ABB
-16. Sh. Supushpa Kaushal, ABB -

pwﬂ@wéwwﬁf
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