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1.2

SULTANATE OF OMAN
MINISTRY OF ELECTRICITY AND WATER

STANDARD - OES 27

132/33KV _SUBSTATION
VOLUME -1

132/33KV SUBSTATION

2 X 125MVA, 132/33KV SUBSTATION WITH GIS 132KV SWITCHGEAR

SCOPE

The specification covers. complete supply, erection and commussioning of all Electrical and Mechanical Plant and
Equipment and Construction of Building and all Civil Works for a typical 132/33KV Substation.

The scope of work shall include the complete design, construction, manufacture, shop testing, packing and marking,
shipment, insurance, delivery to site, loading and unloading, complete erection, stari-up, commissioning, initial
onm._,m:o:, trial run, acceptance testing, putting into commercial operation including construction services during the
guarantee period until final acceptance of the compiete plant and equipment.

MAJOR EQUIPMENT

Majer equipment for the substation includes:
a) 132 KV Overhead ternunal equipment on gantry structures comprising slack span steel work, surge arrestors,
sealing -ends, line couplers and wave traps and capacitor coupling voltage transformer.

b) 132KV XLPE insuiated links between overhead terminal equipment and 132KV switchgear.

¢) 132KV metalclad SF6 insulated double indoor switchgear compnsing 7 bays.

d) 2 Nos. 125MVA 132/33KV transformers Vector Group Ynd5 associated earthing transformers and 33KV
neutrai earthing resistors. Earthing transformers to include secondary 415/240V winding for substation auxiliary
supplies.

e) 33KV metaiciad indoor switchgear comprising 24 panels in two switchboards.

f) Power line carmer equipment including tele-protection and communications equipment suitable for connection
with front and computer through R.T.U.

g) Suppiy and installation of separate floor mounting marshalling cabinet for interfacing with future remote
supervisory control syster.

The substation shall be compiete with control and refay equipment, alarm facilities, auxiliary DC supplies with
batteries and chargers, auxiliary LV switchboards, small power and lighting, fire fighting equipment, earthing and
all necessary equipment for the safe and efficient running of the substation.
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No central supervisory control scheme is included, provision shall however, be made for the supply of separate
floor mounting cabinets and all wiring from the switchgear, control and relay panels to these cabinets for all
connections to the remote control and supervisory equipment.

This contract shall, threfore, include all _onwcﬁaﬁm\mcun?acé selector switches, auxiliary contact on circuit
breakers, isolators etc. for position indication, additional contacts on protection, tripping and aiarm relays etc.

necessary for a central supervisory control systern, shall be included.

BUILDING AND FOUNDATIONS

All foundations, walls, roof coverings, concrete floor fittings, ducts and pipe work embedded in the foundations,
trenches with floor plates for cables etc. shall be provided.

All plant, equipment and materials shall conform to the Ministry’s Standard OES-11 : General Specifications for
Electrical Materials and Equipment.

132KV OUTDOOR EQUIPMENT

GENERAL

The outdoor equipment shall be suitable for operation on a 3 phase, 50 Hz system of 132KV nominal voltage with
the neutral multiple earthed. The system highest voltage will be 10 _uoqn.mnﬂ mn excess of the nominal voltage.

The design symmetrical 3 phase short circuit rating shall be 31.5KA R.M.S. at 145KV and all current carrying
equipment shall be capable of withstanding this current for a penod of three seconds.

The withstand impulse levels of equipment shall not be lower than the following when tested in accordance with
1EC recommendations.

132KV equipment — 650KV

Clearances between live metal work and earth shall be not less than those in the appropriate sections of IEC 54 or
BS 162 or the clearances and dimensions given in this specifications and attached drawings whichever is the
greater.

The 132KV terminal equipment for connections from the overhead lines to 132KV cable links shail be mounted on
structures. Drawing MEW/132/33KV/001 shows the proposed arrangement.

Creepage distances shall be not less than 45mm per KV of rated system voltage.

LINE CONNECTIONS

The overhead line electrical connections to 132KV cable sealing ends shall be of copper and shall be in accordance
with BS 125, 159 and 1977 in respect of current rating and material analysis.

Conductors shall be in continuous lengths between supports. Connectors shall be of approved bolied clamps
type.

Conductors and connections shall be so arranged and supported that under no circumstances, including short circuit
conditions, can the clearances between live metal and earth or earthed metal work or between other conductors be
less than the specified distances.
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Conductors shall consist of either stranded copper wire or tubes. Stranded copper having hollow cores shall be
stranded around non-ferrous metal spacers of approved type. The number and diameters of the mdividual wires
forming the fimshed conductor and the thickness of the tubes shall be subject to approval.

Where dis-similar metais are in contact, approved means shall be provided to prevent electro-mechanical action and
corrosions. Joints and surfaces of copper or copper alloy fittings shall be tinned.

Hollow stranded copper conductors shall be supported against crushing at clamping positions by sweating solid or
plugging.

STRUCTURAL STEEL WORK

Steel structures shall be provided for supporting the nsulators, switchgear, overhead conductors, earthwires and
other equipment and fittings generally as shown on the drawings.

The design and arrangement of supporting structures shall be subject to approvai by the Engineer; such structures
shall be rigid and self-bracing agamnst all dead, wind, pull-off and other applied loads. Wherever such an
arrangement can be adopted, structures shall be braced by horizontal beams at mntermediate or high level to provide
an integrated framework such that all bending moments shall be distributed in the structures with zero overturning
moments at ground level. At or near ground level, ‘all uprights shall be provided with generously designed base
piate footings for securing with holding down bolts provided.

The whole of the rolled steel sections, tubes, flats, piates, botts, nuts and bars shall employ weldable structural steel
of an approved quality to BS. 4360 grades 43A and 50C or equivalent.

Components shall be designed to have a Factor of Safety against failure not iess than the main member of the
structure.

The design shall be such as to keep the number of different parts as small as possible and to facilitate transport,
erection and inspection.

Pockets and depressions likely to hold water shall be avoided and all parts of the structures shall be properly
drained.

Stee! sections formung the framework shall be heavily galvanised n accordance with OES 11.

Main members and bracings of lattice structures shall be not iess than 8mm and 5mm thick respectively.
Bolts and nuts shall be gaivanised and fitted with galvansed spring washers. Taper washers are (o be added where
necessary. Threads of boits shall be spun gaivanised and the threads of nuts shall be oiled. No boit shall be of less

diameter than 7mm.

Boit holes shall not be more than 1.5nmm larger in diamter than the corresponding boit diameter. For bolts greater in

diameter than 25mm, such as foundation bolts, the clearance shall be approved.

All members shall be cut to jig and holes shall Be drilled or punched to jig. Parts shall be carefully. cut and holes
accurately located so that when the members are in position the holes can be accurately aligned before peing bolted
up. Drifting of holes will not be permitted.
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INSULATORS

Insulators shall satisfactorily withstand the site climatic and service conditions.
Adjustable arcing horns are require don substation nsulators.

Porcelain insulators shall be in accordance with IEC 137 and 273 where applicable. Porcelain shall be sound, free
from defects and thoroughly verified and the giaze shall not be depended upon for mmsulation,

Glaze shall be smooth, hard, of a unifrom shade of brown and shall completely cover all exposed parts of the
msultators. Qutdoor nsulator fittings shall remain unaffected by atmospheric conditions producing weathering,
acids, alkalis, dust and rapid changes in temperatures that may be experienced under working conditions.

The insulators shall be station post type or long rod type with aerofoil self cleaning open profile,

Porcelain insulators shall be secured in an approved manner, preferably by means of bolts or metal clamping plates
with suitable packing material inter-posed.

Retaming pins or locking devices for insulating units shall be of phosphor bronze or other approved material, and
shall effectively prevent accidental separation of the units,

Creepage distance shall not be less than 45mm per KV of rated system voltage.

SURGE ARRESTORS

Surge arrestors shall be of the gapless zinc oxide type. Arrestors shall be housed in porcelain contamers sealed
against the entry of moisture and oxygen. Internal components shall be desinged to minimise internal corona and
also to ensure minimal capacitive coupling with any conducting layer of pollutant on the outside of the porcelain
housing.

The surge arrestors shall be of the long duration discharge class (3} and of minimum energy absorption capacity of
2.5 KJKV rating.

The porcelamn contamners shall itave open aerofoil self leaning open profile with mimmum creepage of 45mm per
KV of system voltage.

Arrestors shall comply 1n all respects with IEC 99-1 or BS 2914:1972, shall be entirely suitable for operation under
all system conditions including system voltage rises on unloading long transmission lines and shall have sufficient
capacity to discharge the system charging current without damage.

The standard nominal discharge current shall be 10,000 Amps. Rated voltage is ta be 120KV for 132KV heavy
duty.

Each arrestor shall be fitted with a surge counter of an approved type. Arresters shall be of the station type.

EARTHING

A main hard drawn high conductivity earth bar, but not iess than 300 sq.mm shall be provided to which the frames
of all electrical apparatus and structural steel work shall be connected by branches of the same cross sectional area
to this main bar or to subsidary bars running to a group of equipment.

4
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All overhead line earthwire termunations at substation, post mnsulator bases, sealing end bases, neutral current
transformers, power transformers, surge arrestor bases, HF coupling equipment shall be connected to the earthing
system which shall also be extended to indoor switchgear, control, relay and ancillary equipment as mentioned in
Section 9.

The ohmic resistance of the earthing system to the general mass of earth shall be less than | Ohm. The earthing

must be capable of carrying short time withstand current of the switchgear for the time specified.

132KV METALCLAD SF6 INSULATED SWITCHGEAR

GENERAL

The 132KV switchgear shall be indoor, metalclad and suiphur hexafloride (SF6) insulated type. The switchgear
shall preferably be of single phase enclosure and shall be constructed for duplicate busbar system and shall include
the necessary busbar and circust 1solating switches, the circuit earthing switches as well as the current and voltage
transformers as shown-in single line diagrames and as detailed 1n the Schedule of Equipment.

In adition to the local control cubicles associated with the 132KV switchgear, a separate control board made up of a
suite of the panels, shall be iocated in the control room of the station, The mimic diagram, controi switches for
circuit breakers and isoiators, as well as the nstrumentation and alarms mounted on the board, shall enable
switching operations from-the control room. However, all facilities shall be provided to enable telecontrolling from
a load dispatch centre at a later date.

The design symmetrical 3 phase short ¢ircuit rating shall be 31.5KA R.M.S, at 145 KV and all current carrying
parts shall be capable of withstanding this current for a perod of 3 seconds.

The withstand impulse Jevels of switchgear shall not be lower than the following when tested mn accordance with
IEC recommendations.

Phase to Earth : 650 KV

Bugbars and connections shall be consiructed of tubes of appropriate materiai and thickness to withstand the
mechanical and thermal stresses due to short circuits.

Suitable arrangements shall be provided for the thermal expansion and contraction of the busbars. Busbars and all
electrical connections shall be of such a construction that partial discharge shall be avoided and suitable measures
m=m= be taken to minimise corona discharge and radio interference especially at sharp edges and corner. All
EmEmEa parts (cast resin parts) shall be subjected to partial discharge tést and the resulis of the respective
fabrication tests shall be recorded. The switchgear umits and busbar systems shall be divided into several gas filled
compartments, sealed from each other by gas-tight bushings and each gas filled chamber shall have its individual
SF6 pressure monitoring so that any leakage may be quickly localised. Each individual gas filled compartments
shall be further equipped with static filters to absorb any water vapour over a long period 1n service.

The .gas-tight bushings between gas filled chambers should furthermore confine any internal faults to the respective
section of the switchgear. Fach gas compartment shall be capable of withstanding a fault arc of 1.0 second
duration.

Facilities should be provided in each compartment of the switchgear to allow for a pressure relief and a high degree
of protection under fault conditions. It shall be ensured that nobody standing in the control aisles 18 exposed to any

5
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danger. Particular attention shall be paid to the sealing of all gas fitted chamber joints so that the SF6 gas leakage 18
extremely low. Particular preference will be given to switchgear with a low gas loss. The expected gas loss per
annum and guaranteed maximum values for individual compartment shall be provided. The costs for replenishing
lost gas will be considered when evaluating.

The switchgear shall be equipped with a gas supervisory unit on each switchgear bay for monitoring and checking
SF6 pressure in each compartment and for replenishing/evaluating SF6 from a common service connection in this
unit. The annual gas loss shall not exceed 1% per annuam . (gas supervisory umits) to be added.

CIRCUIT BREAKER

The three phase circuit breakers shall incorporate SF6 gas as insulating as well as arc quenching medium. Restrike
free switching must be guaranteed for capacitive currents as per IEC 56. A lock-out shall be incorporated in each
circuit breaker to prevent operation whenever the gas pressure 1s less than the set value for satisfactory operation of
the circutt breaker at the specified rating.

An auxiliary switch for remote switch position indication shall be connected to the swiich contact by means of
mechanical linkages. A drive system which performs three phase switching operations will be adequate. The driving
energy for the motor shall be provided by the 110V DC supply. This energy for switching must be stored n a
nitrogen cylinder of the hydraulic system or by other suitable means n each circuit breaker. The capacitor of the
energy storage system shall be large enough to permit operations as specified in the Techmical Schedule without
recharging.

The circuit breakers shall comply with the requirements of IEC 56/BS 5311 and shall have the ratings specified in
the Technical Schedule for that ambient conditions specified. The circuit breakers shall be covered by test
certificates 1ssued by a recognised testing station. The breakers shall have been tested in accordance with BSS 5311
— Part 4/IEC 56-4 and for a duty at least as onerous as the specified in the Techmcal Schedule. The transient
recovery voltages recorded during the tests must not be less severe than those specified in BSS 5311 — Part 4/IEC
56-4.

DISCONNECTING SWITCHES

Cable and busbar motor operated disconnecting switches to IEC 129 shall be provided as indicated on the single
line diagrams. They should be capable of switching practically under conditions of zero current. Provision shall be
made for locking the switches in either open or closed position. Fluttering of the contacts shall never occur. The
driving energy shall be provided by 110V DC supply. In the event of a supply failure, emergency hand operating
facilities must be available, The mechanical position indicators shall be provided.

CIRCUIT EARTHING SWITCHES

The circuit earthing switches shall be designed similar to those described in 3.3 and rated to the short circuit level, In
addition, however, they shall be designed and constructed to withstand the short current conditions when they are
accidentally switched into a live circuit; 1.¢. they should be made proof against short circuit.

They shall be electrically operated with provisions for hand operated stored energy drive mechanism. Provisions shall
be made for the operating mechanism to be securely locked in either open or closed positions.

CIRCUIT BREAKER EARTHING SWITCHES

Earthing switches shall be provided on both the incoming and outgoing sides of the circuit breaker unit in order to
ensure safe maintenance and/or repair work to be carried out.
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3.9

BUSBAR EARTHING SWITCHES

Busbar earthing switches shall be provided where indicated. They should be of the triple pole type and should be
located at the bus coupier bay or at other suitable places except at the end of the busbar to avoid the provision of extra
space for these earthing switches. They should again be designed similar to those as described under item 3.3

The driving energy shall be provided by the 110V DC supply. In the event of a supply failure, emergency hand
operating facilities must be available.

CURRENT TRANSFORMERS

The current transformers shall be of the toriodal core type compiying to BS 3938/IEC 185. The ring and secondary
windings (upto a maximum of 3 secondary windings) shall be embedded in cast resin and installed in the earthed part
of the switchgear. The windings shall be designed for a constant 50% overload, The rated secondary current shall be
LA,

VOLTAGE TRANSFORMERS

SF6 insulated voltage transformers shall be of an inductive type fully enclosed design complying with BS 3941/1EC
186. The rated secondary voltage shall be 110/ /3V and tertiary voltage 110/3,

All voltage and current transformers shall be provided with an identifying iabel giving type, ratio, class, output and

serial number.

CONTROL UNITS

The control units allocated to each bay shall contain all operating and mterlocking controis, the protective circuit
breakers for the drives and voltage transformers, indication mnstruments as well as a sufficient number of connection
terminats, Operating controls must be provided for all switching devices and the swiich positions shall be exactly

represented on a mmic diagram.

The interiock system shall prevent all incorrect operations of the disconnecting and earthing switches and must fulfill
the following requirements:

Operation of the disconnecting switches only under the condition that the circurt breaker 1s switched off.

Switching off a circuit breaker only under the condition that the disconnecting switches of the corresponding bay
have attained their fully ciosed position or if they are completely switched off.

Switching n a circuit disconnecting switch only m the event that the earthing switch 18 switched off and switching
n the earthing switch oniy in the event that the associated circuit disconnecting switch 1s switched off.

Operation of the bus bar disconnecting switches only under the condition that the associated bus bar earthing
switches are switched off and operation of the associated earthing switches only in the event that the bus bar
disconnecting switches are switched off.

!

Blocking of the second bus bar disconnecting switch 1n the event that a bus bar disconnecting switch is not fully
switched in or switched off.
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— The failure of the auxiliary power supply shall not lead to the release of an interlock. Each disconnector shall be
provided with indication signalling switches with 12NC and 12NO contacts for the system blocking incorrect
operation. It shall be equipped with disconnecting controls, indicators and signalling equipment. Two NC and 2NO
spare contact shall also be available.

Furthermore, each bay shall be provided with SF6 maintenance and supervisory equipment for the gas fiiled
chambers, indicating instruments as specified, protective circuit breakers for the protection of the secondary windings
of the voltage transformers as well as the switchgear drives and a socket with earth contacts.

Small wiring termiations shall be provided mn such numbers that all auxiliary cables which will run from other
sections of the station into the bay can be connected, taking into account the connection facilities for the remote
control and tele measuring equipment to be added at a later date. Over and above these terminals, facilities shall be
provided for the testing of current transformers so that instruments may be disconnected without opening the
secondary circuit of the current transformer.

POWER CABLE TERMINATIONS

Suitable means shall be provided for terminating 132KV XLPE insulated power cables.

The cable termmation housing shall be segregated from the sealed gas compartment of the switchgear. An ¢lectrode
with an interconnector and the cable end terminated at the switchgear shall be in a housing filled with SF6 gas and the
cable entry points shall be sealed effectively.

Access for the removal of interconnector between the electrode and the cable for carrying out DC high voltage test on
cable at site shall be provided.

SF6 GAS DENSITY AND PRESSURE

The nominal operating pressure of the SF6 insulating gas in the metaiclad equipment shall be as low as 1s compatible
with the requirements for electrical insulation and space limitations o reduce the effects of leaks and to ensure that
there 1s no chance of the gas liquefying at the lowest ambient temperature. The mitial gas pressure or density at the
time of charging the equipment shall provide a sufficient margin above the minimum allowable operating pressure for
the plant to be safely operated for a reasonably long period before recharging is necessary.

SF6 GAS PURITY

The SF6 switchgear shall be designed for use with SF6 gas complying with the recommendations of IEC 376 at the
time of the first charging with gas. All SF6 gas supplied as part of the contract shall comply with the requirements of
IEC 376 as a mimmum.

GAS MONITORING DEVICES

Temperature-compensated gas density or pressure monitoring devices shall be provided. The devices shall provide
continuous and automatic monitoring of the state of the gas and a separate device shall be provided for cach gas
compartment so that each can be monitored simultancously.

The monitoring device shall have an alarm setting and an additional trip setting appliance. These shall be set so
that:

a) advanced warmng can be given that the gas density/pressure 15 reducing 1o an unacceptable level;
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b) after an urgent alarm, measures can be taken to rmmediately 1solate the particular compartment electncally by
tripping circuit breakers and opening isolators.

GAS FILLING AND EVACUATING PLANT

All apparatus necessary for filling and evacuating the SF6 gas into and from the switchgear equipment shall be
supplied to enable any maintenance work to be carried out.

Where any item of the filling and evacuating apparatus 1s of such a weight that it cannot easily be carried by
maintenance personnel, 1t shall be provided with facilities for lifting and moving with the overhead cranes.

The apparatus for filling or evacuating all gases to be used shall be provided with all necessary pipes, couplings,
flexible tubes and valves for coupling to the switchgear equipment.

The gas compartment shafl preferably be fitted with permanent vaives through which the gas 1s pumped nto or
evacuated from the compartments.

Details of the filling and evacuating apparatus that will be supplied, as well as a description of the filling and
evacuating procedures, shall be provided at the time of tendering.

33KV SWITCHGEAR

The 33KV switchgear offered shall be of the indoor, single bus bar, totally enclosed metal clad type with vertical or
horizontal draw out circuit breakers or metal clad SF6 insulated with vacuum of SF6 circuit breakers for installation in
brick-built substation. The switchgear shall be arranged in the form of a single switchboard and equipped as shown on
the attached singie line diagram and detailed 1n the schedule of equipment.

GENERAL REQUIREMENTS

The switchgear shall be of robust construction and shall be unaffected in part or whole by the forces imposed by short
circuit or other fault currents, operation, vibration or temperature changes. The switchboard shall be strictly in
accordance with BSS 5277/IEC 298 unless otherwise specified herein, and shall be extensible at both ends. Phase

" rotation and colour markings shall comply with BSS 158. All instruments, instrument transformers, all components

and all materiais used in switchgear shall conform to appropriate BSS/IEC. The switchgear shall be designed to
facilitate nspection, cleaning, maintenance and repaurs. The switchboard shall be dust and vermin proof.

The switchboard shall be of compartmental design divided into separate compartments for the circuit breaker, the bus
bars and the cable circunt,

The system voltage, rated symmetrical short circuit and imputse levet shall be as follows:

— Normal system voltage 33KV
— Highest system voitage 6KV
— Symmetricai short circuit current at rated vottage 25 KA RMS
— Impulse level 170 KV

The 33KV system neutrai shall be resistance earthed. All current carrying parts shall be capable of withstanding the
specified short circunt current for three seconds.



4.2

4.3

4.4

4.5

4.6

RATING

The normal continuous rating of the switchgear and bus bars n temperature conditions of Oman shall be as specified
in Technical Schedules.

All current carrying parts of the switchgear, namely the circuit breakers, bus bar, current transformers, isolating
contacts, connections, jomts etc. shall be capable of carrying the specified rated current continuousiy under climatic
conditions of Oman without forced cool ventillation or air conditioning plant. The temperature rise in any part shall
comply with BSS 5311 and BSS 159 or other relevant BSS taking into account the site ambient temperature. BSS
rating along side the Oman rating shall be specified.

ISOLATION AND INTERLOCKS

The locking arrangement in general should conform to Oman safety rules 'books Second Edition — January 1989 or
latest.

Each switchboard shall be provided with approved means of isolation of circuit breakers and circuats and be complete
with automatic shutters to screen off all live parts. The switchgear must be fully mterlocked to prevent mal operation.
To obviate unauthorized operations, locks each with two keys of approved make shall be included for:

i) Locking out each circuit breaker in the isolated or off position to obviate unauthorised operation shall be
numbered locks each with one key or approved make included for.

ii) Locking movable shutters screening live parts {lock to be coloured red).

iii)  Locking circuit breakers control switch.

iv)  Locking voltage transformer in the racked in position,

v) Locking voltage transformer spout shutter.

All locks to differ and have individual keys. Each key 1s to bear the number of the lock and carry a tag identifying the
circuit or plant to be locked.

‘To-facilitate phasing out of any incoming circuits against the bus bars, arrangements shall be provided to enable

manual opening or closing any of the reiated shutters independently with the circuit breaker withdrawn and for
locking any of these shutters independently in the open or closed position.

CIRCUIT BREAKER CARRIAGE AND ISOLATING EQUIPMENT

Circuit breaker isolating equipment and wheeled carriage for removal of the circuit breaker shall be an integral part of
the circuit breaker. Suitable external guide rails shall be supplied for fixing in the substation in front of the switchgear
carriage while inserting or removing from the board.

INTEGRAL EARTHING

Integral means shall be provided in the switchboard for circuit and bus bar earthing preferably through incomer circuit
breaker. The earthing shall be complete with all necessary mechanical interlocks to prevent mat operations.
EARTHING

Each switchboard shall be provided with a copper earth bar of sectional area not less than 50mm x 6mm. All metal,
instrument and relay cases of the panels shall be connected to the earth bar by copper conductors not less than 2.5 Sq.
mim Cross section.
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4.7

4.8

4.9

4.10

4.11

412

HEATERS
In view of the high humidity prevailing at the site, each pancl shall be ?.oiaom with suitably rated heater for
operation from 240V AC supply as per OES-11 Clause (.28,

AUXILIARY SWITCHES

Auxiliary switches shall be provided to interrupt the DC suppiy to trip coils immediately after their operation has been
completed.

All necessary interphasing/auxiliary switches for control, protection, metering and indication for supervisory control
which may be adopted at a future date, shall be provided on each circuit breaker panels plus two spare ways normaily
ciose and two spare ways normally open. The auxiliary switches shall be wired to a suitable terminal block on the
panel.

HEALTHY TRIP INDICATION

15 Watt 110V DC lamp with series limiting resistance operated through a spring loaded push button test over switch
shall be provided on each circuit breaker panel. Alternatively, contimuously monitoring scheme with low consumption
(less than 5 A) may be provided for consideration.

LOCAL/REMOTE SELECTOR SWITCH

A local/remote selector switch to be provided on each circuit breaker panel to facilitate control of the breaker from a
remote location.

TEST TERMINAL BLOCKS

Current transformer secondary wiring shall be connected through termmal blocks with change over links to permit
easy ralto change over and testing,

The terminal blocks shall be mounted in front of the panei and suitably insulated and provided with a detachable dust
proof cover.

CIRCUIT BREAKERS

The circuit breakers shall be suiphur hexafloride (SF6) or vacuum type. The breakers shall have a guaranteed
rupturing capacity of not less than 1500MVA at 33000V and must conform to BSS 5311/IEC 56 taking into account
the climatic conditions of Oman. Type test certificate for the circuit breakers from an internationally recognized
testing authority shall be submitted.

Motor (240V single phase or 3 phase 415V 50 Hz) charged spring closing mechanism, which can be recharged after
the circuit breaker has closed shall be provided.

Circuit breakers shall be independently secured in position by means of bolts, irrespective of the raising and lowering
gear, Except for those joints which have to be broken for maintenance purposes, all other joimnts shall be machines

faced and packing shall be of approved material and thickness.

Cirewt breakers and machanisms shall be capable of a mimmum 1000 load operations without major overhauls.

Preference will be given to circult breakers having mimmum maintenance during this penod.

11



s)

t)

u)

A pressure equalizing pipe shall be provided between the pressure relief device and the oil conservator. Spring
operated pressure relief device shall be provided with contacts to initiate alarm and trip crrcuits.

Breather

Each conservator vessel shall be fitted with oil seal type silicagel breather with replaceable clements. The
breather shall be arranged at such a height that it may be readily accessible from ground level and svitable
observation window to be provided in the breather.

In view of the high humidity prevailing m Oman, silicagel breather shall be at least one size larger than the size

for a temperate climate,

Earthing Terminals

Two earthing terminals, each capable of carrying the full lower voltage fault current for a period of not less
than 30 seconds, shall be provided. They shall be located one on either side, and near to the bottom of the

transformer to facilitate connection to the local earthing system.

Cooling Plant

The cooling plant shall be designed to have two banks of radiators each of 50% rated capacity and shall have
independent facility for isolation from service. Radiators and coolers shall be designed so that all painted
surfaces can be thoroughly cleaned and easily panted m situ with brush or spray gun.

The design shall also avoid pockets 1n which water can collect and shall be capable of with standing the
pressure tests specified for the transformer main tank. Where separate coolers are provided, the conservator

tank specified in Clause 5.2 (m) shall be counted thereon.

Preference will be given to offers of an arrangements whereby cooling radiators are mounted on separate
foundations and connected to the main tank by pipe work.

A valve shall be provided on the tank at each point of connection to the tank.
All coolers shall be suitable for mounting on a flat concrete base.
Valves in the oil flow and return connections to the coolers shall be mounted on the transformer tank.

Each cooler bank shall be provided with:

A) A valve at each pomnt of connection to the transformer tank.

B) A valve 1n the main oil connection at the bottom of each cooter m addition to those mounted on the
transformer tank.

) Loose blanking plates to permit the blanking off of the mam oil connection to the top.
D) A 50mm filter valve of the type specified in Clause 5.2 (n) at the top of each cooler.
E) A 50mm drain valve at lowest point of interconnecting oil pipes.

F) A thermometer pocket, fitted with captive screw cap, n the inlet and in the outlet oil pipes.
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4.12.5

4.13

c) The closing of a circuit breaker except when correctly located in the service, earthed or 1solated positons.

d) A circuit breaker from being plugged into the 1solating contacts if the arc chutes or circuit breaker chambers
are not in position,

e) A circuit breaker being closed 1n the service position when the secondary circuits between the fixed and
moving portions are not completed.

Circuit Breaker Operating Mechanisms

Circuit breaker operating mechanism of the 240 Va ¢ motor wound wpring type are preferred.

Motor wound spring operating mechamsms shall be such that the closing spring 1s automatically charged while the
circult breaker 1s closed.

The operating mechanism shail be designed so that the circuit breaker 1s free to open immedtately once the trip coil is
energised, A direct acting mechanical trip via an emergency button shall be provided on each breaker.

Means shall be provided for the manual operation of the circuit breaker for mamtenance purposes. Manual siow
ciosing shall be possible in the maintenance position only.

An approved mechamcally operated indicator shall be provided to show whether the circuit breaker 1S open or
closed.

In the event of failure to latch in the closed position 1t shall not be possible for the circuit breaker to open except at
normal speed.

Means shall be provided to prevent the local and remote contro] apparatus from being in operation simuitaneously. It
shall not be possible, without the use of tools, to gain access to the tripping toggle or any part of the mechanism
inoperative when used in the earth position. For test purposes 1t shall be possible to compiete the closing, tripping an
interlock circuits when the circuit breaker 1s isolated.

BUS WIRES

The following bus wires of appropriate cooper section 1n no case less than 2.5 sq.mm PVC insulated in appropnate
colour code shall be provided on the switchboard.

— DC trnip circunt

- DC closing spring release coil circuit

— Remote group alarm circuit

~— Circuit breaker close and 8@:.8& and green lamp indication circuit (110V DC)
— Circuit breaker panel heater circuit (240V AC)

— DC auto trip amber lamp indication circuat

The bus wires shalibe neatly cleated and terminated on both sides of each individual panei on terminal blocks with

adequately rated terminai studs complete with all necessary provisions for inter panel connection.

13



4.14

4.15

4.16

4.17

4.18

LABELS AND SECONDARY FUSES

Each panel of the switchboard shall have a blank circuit label approximately 30cm'x 8cm mounted on the front of the
panel 11 a prominent position.

These label shall be made of suitable engraving material approximately 2mm thick, white surface with black
engraving. Small blank labels of similar material shall be mounted on the rear of the panels. The circuit names shall be
engraved at site later. All other labels shall be of similar and engraved in English.

All necessary fuses and links shall be supplied and they shall be fitted with clearly legible label indicating the circuat
and shall be grouped according to their functions to facilitate identification. Fuse label shall indicate the current rating
of the fuses and code symbols shall correspond with the diagrams. All secondary fuses shall be of the cartridge type to
BSS 88.

M.C.B.’s in lieu of fuse are acceptable.
INSTRUMENTS

Dial type, full deflection 270 Deg. 96 x 96mm switchboard pattern, flush mounting type moving iron voltmeters and
ammeters shall be provided.

SMALL WIRING

All wiring shall be 2.5 sq.mm stranded copper conductor, 600V tropical grade PVC insulated. All small wiring shall
be suitably terminated and fitted with captive identification ferrules and marked with circuit number. Trip circut shall
have an additional ferrule coloured red and marked "Trip".

Each circuit identification number shall be suffixed with the panel identification letter. All terminai blocks shail be
provided with detachable covers. The trip circuit cables shall be coloured black. The current transformer secondary
wires shall preferably be coloured with their respective phase colours.

VOLTAGE TRANSFORMERS

3 Phase voltage transformers shalk be cast resin type and shall be as specified in the details of equipment and shown on
the single line diagram. The voltage transformers shall comply with IEC 186/BS 3941. Secondary voltage shall be 1%0

110 3

and tertiary voitage — The voltage transformer shall be having a 35:.@ of 200VA per phase class B
3

accuracy. Cartridge type secondary fuse or MCB's shall be provided.
CURRENT TRANSFORMERS

Current transformers shall be cast resin insulated and conform to BS 3938/IEC 185. Current transformers shall be so
rated and designed that they shall not sustain any damage due to through fault currents expected on a system fault
level of 25 KA. All secondarises shall be one ampere.

The secondary widings of each set of current transformers shall be earthed at one point only via an accessible bolted
disconnecting link, preferably located within the relay cubicle.

Design magnetisation curves and D.C. resistance values shall be submatted for approval before manufacture for each
current transformer used for protective purposes and shall be subsequently verified by works routine tests and also by

site commissioning tests,
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4.19

4.20

5.0

51

52

Current transformers shall be located on the non-busbar side of the circurt breaker. The primary conductors shall be
accessible for primary current injection testing on site.

33KV CABLE END TERMINATION
The cable end terminations shall be suitable for 33 KV XLPE insulated cable as specified 1n the details of

equipment.

The cable terminations shall be of the dry type and shall be complete with gland armour clamps, connecting copper

bonding straps, cable lugs and all necessary making of matenal.

Cable terminations shail be separated from all other compartments such as CT chambers, bus bar compartment etc. A

channel iron bracket with cleats shall be provided for cable support.

ADDITIONAL EQUIPMENT

The switchboard shall be supplied with a set of three test plugs, insuiated for test voltages usually applied to 33KV
switchgear and cables.

The terminals of the test piugs shall be arranged for connecting flexible copper cables for current injection tests.
Facilities to be mherent in design for primary mjection tests,
TRANSFORMERS AND ASSOCIATED EQUIPMENT

GENERAL REQUIREMENTS

The transformer shall be robust construction and shall be unaffected in part or whole by the forces imposed by short
circuit or other fault current, operation, vibration or temperature changes, The transformers shall comply with IEC
76/BSS 171 unless otherwise specified. The transformers shall be of the double wound shell or core type, three phase
oil immersed, suitable for outdoor mstallation and operation under the climatic conditions referred to in OES 11,

The transformers shall be suitable for continuous operation on the system as detailed in OES 11.

Phase to phase and phase to earth clearances shall not be less than the clearances specified in the appropriate sections
of IEC 54/BS 5227. The height from ground level to bushing insuiator base shall not be less than 2500mm.

The transformers shall be guaranteed to carry continuously their continuous maximum rating applicable without
exceeding the maximum temeprature rise specified in Clause 5.2. The transformers shall be provided with the

required accessories as specified 1n the details of equipment.
The transformers shall be suitable for cyclic overioading in accordance with IEC 353,

The auxiliary transformers shall be ONAN. Transformers shall be capable of operating satisfactory 1n parallel with
each other, sharing the load within BS limuts,

125MVA 132/33KV TRANSFORMERS

Two 125 MVA 132/33KV power transformers complete with all assocrated equipment are required to be supplied and
installed at the station.

a) Continuous Maximum Rating

The transformers shall be capable of carrying theirr maximum specified load continuously under worst

temperature conditions encountered i Oman and at any tapping without the temperature rise of oil n the
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b)

c)

d)

e)

g

h)

hottest region exceeding 40 Deg. C as measured by winding reststance. If any transformer exceeds the above
temperature rise limits on test, if may be rejected.

Method of Cooling

The cooling of the transformers shall be ONAN/ONAF and each transformer shall be capable of operating
under ONAN condition upto.75% or more after which the cooling equipment shall come into operation and
operate as an ONAF unit. Transformers shall be capable of remaining at full load for 20 minutes after failure of
blowers without the calculated winding hot spot temperature exceeding 140 Deg. C.

Voltage Ratio

The voltage ratio shall be on normal tapping and on toad 132/33KV, the higher voltage winding shall have
tapping 1n steps of 1.11% from + 5% to -15% (total number of taps 19).

Impedance Voitage and Regulation

The impedance at normal ratio and M.C.R. (Maximum Continuous Rating) shall be 18%.

Electrical Connections

The transformers shall be connected in accordance with BSS 171 as follows:

— H.V. Winding - connected in Star

L.V. Winding — connected in Delta

Vector Group reference ~ Ynd5
The neutral of the 132KV winding shall be brought out through external bushing.

Duty Under Fault Conditions

The transformers shall be capable of withstanding without damage or distress an external fault between phases
for three seconds with the voltage on the other side of the transformers maintained as its full normal value.

Evidence shall be submitted with the tender as to the extent to which the manufacturer has proved or 1s able to
prove either by calculation or test the ability of the specified transformers to withstand on any tapping, without
damage under service conditions, the mechanical stresses arising under short circuit in accordance with 1EC
76.

A brief description of those transformers or parts thereof which have been subjected to short circuit test or for
which short circuit calculations are available shall be stated in the Schedule of Particulars, It is preferred that
this mformation relates 1o designs comparable with the transformers refating to this specification but in the
event this is not so, calculations are to be submitted to prove that the design of transformers will satisfactorily
comply with this Clause.

Harmonic Suppression

Transformers shall be designed with particular attention to the suppression of harmonic voltage, especially the
third, fifth and seventh harmonic and to munumise the determental effects resulting therefrom.

Vibration and Noise

Every care shall be taken to reduce noise and vibration to the level obtamed in good modern practice and
special attention should be given to this point.
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The transformers shall be designed considering that noise generated during the normal operation of the
transformer under 100% loaded condition 1s limited to and shall not exceed 85 dBA when measured at a
distance of 300 mm from the transformer body all around at a height above ground level ooﬁmmﬁoza?m to one
half of the height of the tank or at a height of 1.2 metres whichever is less.

The vibration generated due to magnetostriction of core laminations shall be linmted to a mmmum.

Windings

132KV star connected windings shall have graded insulation as defined in IEC 76. All transformers windings
for 33KV and below shall have unifrom insulation as defined in IEC 76. All neutrai points shall be insulated to
withstand applied voitage tests 1n accordance with IEC 76.

The transformers shall be designed to withstand the impuise voltage levels specified in OES 11 and shall
withstand the power frequency voitage tests specified in the Schedule of Tests.

The windings shall be located in & manner which will ensure that-they remarn electrostatically balanced and
that their magnetic centers remain comncident under all conditions of operation,

The windings also be thoroughly seasoned during manufacture by the application of axial pressure at a high
temperature for such iength of time as will ensure that further shrinkage in unlikely to eccur n service.
Provision shall however be made for taking up any further contraction by means of spring loaded and
adjustable clamps or other similar devices. Drawings shall be submitted showing types of windings, methods
of bracing and clamping details of electrical connection within windings and details of oil cooling ducts ana
precautions taken to prevent shrinkage of insulating material in service.

The windings and leads of all ransformers shall be braced to withstand the shocks which may occur through

rough handling and vibration during transport, switching and other transient service conditions.

The design maximum current dentisy i the windings shail not preferably exceed 2.6 amperes per sq.mm at
continuous maximum rating of the transformer with normal voltage plus normal frequency. The conductors
shall be of high conductivity electrolytic copper.

The design of the magnetic circuit shall be such as to avoid static discharges, development of short circut
paths internally or to the earthed clamping structure and the production of flex components normal to the plane
of the laminations. Each laminations shall be insulated with a material stable under the action of pressure and
hot oil.

Magnetic Circuit

The design of magnetic circuit shall be such that to avoid static discharges, development of short circuit paths
internally or to the earthed clamping structure and the production of flux components shall be insulated with a
materiai stable under the action of pressure and hot oil.

The winding structure and major msulation shall be designed to permit unobstructed flow of cooling oil
through core cooling ducts to ensure efficient core cooling.

The magnetic circuit shall be insulated from all structural parts and shall be capable of withstanding a test
voltage to core bolts and to the frame of 2500 volts RMS for one minute.
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k)

)

m)

Flux Density

Cores shall be constructed from cold rolled grain oriented steel sheets.

Design shall be such that there will be adverse effects due to core or stray flux heating with quality of steel
employed and that when operating under most worst onerous conditions envisaged in IEC 76 and IEC 354 the
flux density in any party of the magnetic circuit does not exceed 19,000 lines per square centimeter (ie. 1.9
Tesla).

Internal Earthing Arrangements

The following provision shall be made for internal earthing:

i) The main core clamping structure and its clamping bolts, and the coil clamping rings (if at earth potential)
shall be bonded together and to the transformer tank by copper strip.

ii) The magnetic circuit shall be electrically bonded to the main clamping structure at one point only by means
of a removable link.

The link referred to in (1)-ii above, shall be located on the same side of the core as the main earth connection,
and ‘shall be accessible from the manhole in the tank cover after iowering the oil to the level of the top

yoke.

Coil clamping rings at earth potential shall be connected to the adjacent core clamping structure on the same
side of the transformer as the main earth.

Earthing connections are to have a cross sectional area of not less than 100 sq.mm.

Main Tank

. The main tank shall be designed to house the transformer core and winding and arranged to prevent any

movement of the core structure mside the tank. Provision shall be made to enable the core to be lifted out with
ease for maintenance and inspection.

The tank shall construction, employ weldable structure steel grade to BS 4360 of adequate dimensions and
braced and reinforced as necessary with rolled steel sections to prevent any distoration due to transportation,
lifting, internal pressures and temperature variations.

The top of tank shall have provision to give access to termination of windings and earthing point etc. without
completely draining the tank of oil. Suitable lifting lugs designed to carry the whole weight of the transformer,
including the fittings and oil, shall be welded to each tank.

Transformer tank shall be flat bottomed, designed and reinforced so that the complete equipment may be

skidded in any direction. The means to be used is to protect the tank bottom when in service. The design of the

tank, the tank cover, and the under carriage, the radiator tank etc. of the transformer shall be such that:

i) Internally there are no pockets in which oil can remain when draining the tank, or in which air can be
trapped when fittng the tank.

it) Externally there are no pockets in which water can lodge.

jii) It shall be possible to gan easy access to all external surfaces for painting.
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n)

0)

p)

Pockets shall be provided on each transformer tank for a stem type thermometer and the bulb of a temperature
indicator. These pockets shall be located in the position of maximum oil temperature at continuous maximum
rating (C.M.R.) at 1t shall be possible to remove any bulb without lowering the oil level in the tank. The stem
type thermometer pockets shall be provided with captive screw-caps to exclude water and dirt. A flange with
captive screw-caps to exclude water and dirt. A flange type air release plug shall be provided ar the highest
point in each tank covering. The tank shall be designed to withstand when empty a vacuum of 50cm of
mercury or the vacuum required during drying out whichever 1s greater. The minimum plate thickness shall be

as follows:
Side plates : 16mm
Bottom plates . 32mm

The whole of the tank and fittings shali be sand blasted inside and outside to remove all scale and rust before
painting. The inside of the tank shall be painted with an approved oil resisting varnish.

Jacking Lugs

Each transformer shall be provided with atieast four jacking lugs located at the four corners of the transformer
tank. The lugs shall be approximately 50cm above the ground level.

Conservator

Each transformer shall be provided with an overhead conservator tank formed of substantial steel plates and
above the highest point of the oil circulating system. Connections into the main tank shall be at the highest
point to prevent the trapping of air or gas under the main tank cover.

The capacity of each conservator tank shall be adequate for the expansion and contraction of oil in the whole
system under the specified operation conditions. Conservator tanks shall also be provided with a cleanming door,
filling, cap draining valve with captive cap and oil level gauge at each and which can be easily read from
ground level. Temperature range to be expected under Oman conditions 1n the open 1s 0 Deg. C to 950 Deg,
C.

The pipework between the conservator and the transformer shall comply with the requirements of Clause
5.2(0) and a valve shall be provided at the conservator to cut off the oil supply to the transformer.

Valves

Valves shall be of the siuice type, have non-rising spindles and shall be closed turning the hand wheel in a
ciock wise direction. They shall have machined flanges and provision for locking 1n the closed and open
positions. Details of the locking devices shall be clearly shown on the general arrangement drawing.

Every valve shall be provided with an indicator to show clearly the position of the valve and each hand wheel
shall be fitted with a brass name plate with engraved and filled letters or figures to provide an approved
mnscription which will indicate the purpose of the vaive.

Each transformer shall be fitted with the following valves as a minmum requirement:

Main Tank

A) One 50 mm bore filter valve iocated near to the top of the tank.
B) One 50m bore filter valve tocated near to the bottom of the tank and diagonally opposite to the filter

valve required against (A).

19



r)

)

) One 50mm drain valve with such arrangements as may be necessary nside the tank to ensure that the
tank can be completely drained of oil as far as pracucable.

D)  One valve in gas actuated relay connection.

E) One valve at the conservator to cut off oil supply to transformer.

F) Separate oil sampling valve near to the bottom of tank and another at top of the tank.

Conservator Tank

G)  One dran valve for oil conservator tank so arranged that the tank can be completely dramned of all
oil.

Tap Changer Tank

H) 50mm filter and 50mm filter drain vaive as required.

Diverter Switch Tanks

I One 50mm filter valve, one 50mm drain valve and one drain plug to be fitted to each tank. An approved
oil sampling device shall also be provided and located near to the bottom of each tank.

Air Blast 0il Coolers

3 ) One 50mm filter valve at the top and one 50mm filter drain valve at the bottom of each section.
Blank flange palies or captive screw caps shall be fitted to all valves and pipe ends not normally
connected m service. Air release and dramn plugs shall be provided as required.

Joints and Gaskets

All joint faces shall be machined or ground and arranged to prevent the ingress of water or teakage of oil with a

minimum of gasket surface exposed to the action of oil or air.

Qil resisting synthetic rubber gaskets are not permissible except where the synthetic rubber 15 used as a
bonding medium for cork or similar material or where metal inserts are provided to limit compression.

Gaskets are to be as thin as possible consistent with the provision of a good seal and full details of all gaskets
sealing arrangements shall be shown on the Plant drawing.

Pressure Relief Device

Proven pressure relief device of sufficient size for the rapid release of any pressure that may be generated in the
tank and designed to operate at a static pressure lower than the specified hydraulic test pressure shall be
provided.

Spring operated pressure relief device shall be provided with 2 sets of normally open contacts to nitate alarm
and trip circuits.

The relief device 1s normally to be mounted on the tank, but if mounted on the cover, 1t is to be provided with a
skirt to project at least 25mm 1nto the tank to prevent gas accumulkation.

If a diaphragm is used, it shall be of approved design and material and located above the maximum oil
level.
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4.12.1 Special Requirements — SF6 Breakers

SE6 enciosures shall be capable of withstanding the maximum pressures that can occur in service without leakage or
permanent distortion.

Unless otherwise agreed, gas density and/or pressure indicators shall be provided. Circuit breakers must be suitable

for breaking normal loads if the gas 1s reduced to atmosphenc pressure.

If SF6 circuit breakers are sealed for life they shail be guaranteed for a mimimum of ten years normai duty. For
refillable circuit breakers gas loss shall be less than one percent per annum.

4,12.2 Special Requirements — Vacuum Breakers
The composition of the contact matenial and the design of the contact shape shall be such that the switching

characteristics do not deteriorate with use.

All vacuum units shall be stored before use before instalition in the circuit breaker for a munmimum of 20 days. The
vacuum shall be tested before and after storage and no deterioration shall have taken place.

The Contractor shall retest the vacuum at site as part of the precommissioning procedures.

The techmcal submission in respect of vacuum breakers shall include details of precautions taken to prevent X-ray
emission.

Details shall be provided of the maximum cusrent chop level.

4.12.3 Isolating Features

The following circuit breaker operating locations shall be provided:

a) Mantenance

b) Busbar Earth

¢} Service

d) Circuit Earth

Mechanical indication shall be provided to show the location of the circuit breaker. Such indications shall be visible
from the front of the equipment at all times.

In each operating location the circuit breaker shall be positively registered in 1ts housing before the circuit breaker can
be closed or opened.

4.12.4 Interlocks

All mechanical interlocks shall be of the preventive type and shall be arranged to prevent maloperation of the
equipment if the interlock 1s defeated.

Electrical mterlocks shall also function so as to prevent the closing operation of the circuit breaker.
Clearly lebelled mechanmical mterlocks shall be provided which are designed to prevent:-
a) A closed circuit breaker from being withdrawn from or inserted into the 1solating contacts.

b) Tripping by attempted isolation,



G) Flanged air release piugs.

The oil piping shall be of approved material with machined flanged joints. Cast iron must not be used for oil
pIpes..

Copper pipe work shall comply with BS 61 or equivalent.

Dimensions of steel pipes shall be in accordance with BS 3600 : 1573 or equivalent and the drilling of all pipe
flanges shall comply with BS 4504 : 1969 or equivalent.

An approved expansion piece shall be provided in each oil pipe connection between the transformer and the oil
coolers.

It should be possible to drain any section of pipe work independentiy of the rest and drain valves shall be
provided as necessary to meet this requirement.

Air blowers shal} be complete with all necessary air ducting, and to reduce noise to the practical minimum,
motors shall be mounted independently from the coolers or alternatively an approved form of anti-vibration
mounting shall be provided.

It should be possible to remove the blower complete with motor without disturbing or dismantling the cooler

structure frame work.

Blades shall be of galvamsed steel unless otherwise approved and blades or runners fabricated to form hollow

sections are not to be used.

Ducts and blower casings shall be made of galvanised steel of thickness not iess than 2.6mm (14 SWG) and
shall be suitably stiffened by angles, or tees.

Galvanised wire mesh guards shall be provided to prevent accidental contact with the blades. Guards shall aiso
be provided over all moving parts. Guards shall be suitably stiffened by angles or tees.

Guards shall be designed such that neither blades nor other moving parts can be touched by test finger types 11
and / or IIL, 1-4 to BS 3042 : 1971 or equivalent.

Where multiple fan cooling using small single phase motors 1s-employed the motors 1 each cooling tank shall
be grouped so as to form a balanced three phase load.

Each motor or group of motors shall be provided with a three pole electrically operated contactor and with
control gear of approved design for starung and stopping manually.

Provision shall be included under this contact for automatic starting and stopping from the contacts on with
winding temperature mdicating device as specified in Clause 5.4 (a). The control equipment shall be provided
with a short time delay device to prevent the starting of more than one fan, or group fans in case of multiple fan
cooling, at a time.

Where motors are operated 1n groups, the gorup protection shall be arranged so that 1t will operatre
satisfactorily in the event of a fault occurnng in a single motor.
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The control arrangements are to be designed to prevent the starting of motors totalling more than 15KW

simuitaneously either manually or automatically.

All contacts and other parts which may require periodic renewal, adjustment or inspection shall be readily
accessible.

All wiring for the control gear accommeodated in the marshalling kiosk together with all necessary cable boxes
and terminations and all wiring between the marshalling kiosk and the motors shall form part of the contract

WOrks.

Buchholz Protection

Each transformer shall be fitted with a gas and oil actuated relay of approved make and pattemn, having alarm
contacts which close on collection of gas or low oil level conditions and tripping contacts which close for oil
surge condition. The contacts shall be wired to a weather proof terminal block on the bucholz protection, for
connection by mineral msulated copper clad PVC sheathed cable (2.5 sq. mm) to terminal blocks in the
marshalling kiosk described in Clause 3.3. The circuits shall be electrically connected by PVC/
PVC/SWA/PVC control cables (2.5 sq.mm copper conductor) to auxiliary ‘“Alarm” and *“Trip’’ relays on the
remote tap change panel. The buchholz device shall be inserted in the pipe work between the main tank and
conservator and provided with suitable valves on both sides of the device to facilitate easy servicing. The
bucholz device shall incorporate a test cock for testing purposes. A compressed arr bottle fitted with a control
cock, pressure gauge, a foot operated air pump and the necessary connecting rubber hose for compressed air
tests on the bucholz device shall be mncluded.

Each gas and oil-actuated relay shall be provided with a test cock to take a flexible pipe connection for
checking the operation of the relay.

To allow gas to be collected at ground level, a small bore pipe shall be connected to the gas reiease cock of the
gas and oil-actuated relay and brought down to a point approximately 140mm above ground level, where 1t
shall be terminated by a cock which shall have provision for locking to prevent au-authonised operation.

The design of the relay mounting arrangements, the associated pipework and the cooling plant shall be such
that maloperation of the reiays will not take place under normal service conditions, including starting or
stopping of oil circulating pumps whether by manual or automatic control under all operating
temperatures.

The pipework shall be so arranged that all gas arising from the transformer will pass into the gas and oil-
actuated relay. The oil circuit through the relay must not form a delivery parth in parallet with any circulating
oil pipe, nor 15 to be teed into or connected through the pressure relief vent. Sharp bends 1n the pipe work shail
be avoided.

When a transformer 1s provided with two conservators the gas and oil-actuated relays shall be arranged as
follows:

a) If the two conservators are connected to the transformer by a common oil pipe one relay shall be installed in

the common pipe.

b) If the two conservators are piped separately to the transformer two relays shall be installed, one 1n each pipe

connection.



w)

x)

Y)

The clearance between oil pipework and live metal is to comply with the requirements of BS 5227.

Teérminal Arrangements

The terminal arrangements for 132 and 33KV sides shail be as follows:

132 KV . Phase ~ Cable box
132 KV Neutral Outdoor bushing
33 KV :  Cable Box

132KV neutral bushing as well as the neutral of the 132 KV windings may be rated to withstand power
frequency voltage of 40KV.

132KV neutral current transformers for earth fault (ratio 60071 accuracy Class 5SP10) and restricted earth fault
protection (ratio 80071 Class X) to be incorporaied in the 132KV neutral bushing. Creepage of outdoor
bushings shall be 40mm/KV of neutral withstand voltage.

Creepage of bushing inside cable box (dry type terminations) shall be 23mm/KV of highest system
voltage.

Cable Boxes

Dry type termmation eliminating the use of filling compound will be preferred. The términations shall be
accommodated in cable dividing boxes complete with cable gland, cable bonding clamps, earth bonding straps.
Insulated cable glands shall be used for single core cables. Cable clamp supports shall be fitted below the box
(at a suitable height above ground level), and these should be nonferrous material.

The boxes shall be arranged for bottom entry of the cables. The 33KV cables box shall be suitable to receive
six singie core of compacted copper conductor 630 sq.mm copper XLPE insulated aluminium armoured PVC
sheathed cables.

On-ioad Tap Change Gear — General Requirements

On-load tap change gear shall comply with IEC 214/BS 4571. The on-load tap change gear shall be of robust
construction and shall be unaffected in part or whole by the forces imposed by short circuit or other faule
currents, operation vibration and temperature changes. It shall be capable of varying the effective
transformation ratio of the transformer without producing pahse displacement.

The tap changing shall be effected on the high voltage winding and the oil 1n the chamber housing the tap
change selector switch may be in communication with the oil in the main transformer tank, but the tap change
circuit making and breaking switch shall be accommodated in a separate oil filled chamber separated from the
main transformer tank.

i) Duty

The duty rating on the switches shall have a continuous current rating equivalent to the continuous
maximum rating of the transformer and shall give trouble free opeations under Oman conditions. Limiting

devices shall be provided to limit the operation of switches to the range of tapping specified.

Tap changer shall be high speed resistor type. Tap changer shall comply with IEC 214 and shall be suitable
for power flow in both directions,

24



=
=
S

A)

B)

O

D)

E)

Full details of the equipment offered shall be submitted with each offer. The equipment shall be designed to
ensure that, when a top change has commenced, it shall be completed independently of the operation of the
control relays or switches. In the even tof failure of auxiliary electrical supply during a tap change or any
other contingency which would result in the tap change not being compieted, approved means shall be
provided to safeguard the transformers and auxiliary apparatus.

Selection

The equipment shall be arranged for operation giving the following selection:
ON-LOAD Automatic group operation from the master control (for two transformers).
ON-LLGAD Manuai Electrical Remote group operation (for two transformers).
Individual ON-LOQAD Automatic operation of each transformer.
Individual ON-LOAD Manual Electrical Remote Operation of each transformer.

Individual Manuai Hand and Electricai Operation shall be provided in a suitable weather, vermin and
insect proof marshalling kiosk.

Remote tap change control panel which shail be located n the control room shall include the following:

|

t

Tap position indicator

Tap changer ‘*Raise’” push button

Tap changer ‘‘Lower”’ push button

Tap changer in progress — white lamp

Tap changer out of step indication lamp — amber
Voltage regulating relay with time delay

Tap changer control Auto/Non-Auto selector switch
Master/Follower/Individual Selector Swiich
Remote/Supervision tap change control selection
ARV voitage reference adjuster

Air forced

Air forced cooling equipment running indication lamp —~ white
Air forced cooling over current aiarm - amber

VT fail aiarm — amber

Supply voitage of OLTC failure — amber lamp

— 0-40 KV voltmetre

The automatic reguiation of the 33KV voltage of the 132/33KV transformers shall be 1nitiated by means of
voltage reguiating reiay.

The relay shall be rated for AC 100 volts 50 cycles. A time delay element operated off 110V DC supply shall

be included to give setiing range between 10 and 120 seconds.

The relay sensitivity shall be adjustable to any value between 1.25 times 1o 2 umes the transformer tap step

percentage. The relay shall be in operative if the reference voitage falls below 80% of nemunal value and shall

be automatically restored for oper»ation on recovery of the nominal voltage. In the event of the transformers

falling out of step, while operating 1n parallel, a device shall be incorporated in the control circuit, 1o make the
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automatic tap change m-operative; this device shall also set off an alarm to indicate the condition electrically at

a remote point, apart from lighting the ‘‘out-of-step’” indication lamp provided on the existing panel.

iii) Inter-Locks and Control

a)

b)

c)

d)

€)

g}

h)

The equipment shall be arranged to comply with the following:

The hand gear operation of mechanism shall be inter-locked to prevent the electrical motor drive
operation while the hand gear 1s in use.

It shall not be possible for any two electrical points to be in operation simulianeously.

Operation from any control switch shall cause one tap movement only unless the control switch 1s
returned to the off position befween successive operations.

All electrical control switches and hand operating gear shall be clearly labelled to indicate the direction
of tap change.

The local control switches and other apparatus shall be mounted inside the marshalling kiosk.

A mechanical tap position mndicator shall be fitted on the transformer and shall be visible from ground
level. A device for registering the total number of tap change operations and a hand reset register device
for counting tap change operations between pertod of mamtenance shall be fitted.

A remote indicating device shall be provided for installation 1n the control room. The device shall
indicate the tap position and shall be scaled 1-19.

The tap change mechanism shall be provided with additional set of *‘clean contacts’’ wired to a suitable
terminal blocks 1n the control panel, to transmit, ‘‘tap position’’ to a ‘‘remote supervisory and contro!
center’’.

7) Low Level Alarm

The conservator tank of all main transformers shall be fitted with a low oil levei alarm device. The device may

be incorporated in the oil level indicator and shall be arranged to close a pair of contacts when the oil level

drops beiow a predetermined level. The alarm contacts shall be cabled to the marshalling kiosk.

MARSHALLING KIOSK

Each transformer shall be provided with a Marshalling Kiosk located adjacent to the transformer. The Kiosk shall be

of the outdoor type, of sheet steel construction, fitted with access doors, open from rear. Alternatively the Kiosk may

be mounted on the transformer. The Kiosk must be dust, damp, rain and vermin proof and shall be designed for

temperature conditions of Oman. The front access door shall be fitted with wire reinforced glass inspection panels and
operating equipment shall be accessible only after opening of this door. Locks and handles shall be fitted to the

doors.

The Kiosk shall be accommodate the following:

Transformer oil temperature indicator Clause 5.4 (b).

Transformer winding temperature indicator Clause 5.4 (a).
Terminal blocks and test links for (1) and (2).

Marshalling terminal blocks for connections between transformer auxiliaries and remote control panel.

L.
2.
3
4. Local ““Tap change’ selector and control switches.
5.
6.

Control switches, fuses, protective device associated with tap-cnange motor circuits, which normally cannot be

accommodated in the *‘Tap Change Motor’ compartment.

7. The Kiosk shall be provided with heater elements suitably controlled by a switch, temperature and/for humidity

relay duty relay.

26



54

5.5

INSTRUMENTS

a)

b)

Winding Temperature Indicator

A dial type indicator calibrated to show the temperature of the hottest region of the windings shall be provided.
This device may be of the type comprising a current transformer, heating coil, hot oil pocket, temperature
measuring device and arranged to produce the desired relationship between winding temperature and hot oil
temperature.

The indicator shall be fitted with two sets of fixed and moving contacts one for **Trip’’ and one for **Alarm’’,
adjustable to close between the range of 60 Deg. C to 120 Deg. C. The contacts shall reopen when temperature
has fallen not more than 10 Deg. C of the set temperature. For controlling external cooling fans, one more set
of contacts shall be inciuded. A maximum temperature pointer shall be mcorporated with the indicator to show
highest temperature reached and arranged for hand re-setting.

Oil Temperature Indicator

A dial type instrument together with capillary tube to mdicate the temperature of oil in the hottest region of the
Main Tank shall be provided. The indicator shall be fitted with two separate sets of fixed and moving contacts,
one for ““Alarm”’ and one for “‘Trip’’, adjustable to close between the range 60 to 120 Deg. C. The contacts
shall re-open when the temperature has fallen not more than 10 Deg. C.

A maximum temperature pointer shall be provided to show the highest temperature reached and shall be
arranged for hand re-setting.

Note:

The winding temperature indicator and the oil temperature ndicator shall be accommodatea in the
Marshalling ‘Kiosk described in Clause 5.4,

RATING AND DIAGRAM PLATES

Each transformer shall be provided with substantial diagram, valve location and rating plates and shall give all the

information relating to the transformer, and cooling medium.

The following mformation shall be included:

Rating in MVA
Temperature nise by oil Deg. C
Temperature rise by resistance Deg. C
Volts at no Joad and normal tapping:
— H.V. Side
- L.V. Side
Current at rated load and normal tapping:
— H.V. Side

— L.V. Side

Impedance voitage at normal ratio
Transformer ratio for each tap

Number of phases
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5.7

Diagram of connections

— Manufacturer’s serial number

1

Frequency

Vector group reference and diagram
— Weight of core and winding
Weight of oil

Total weight of transformer

H

Contract Number

!

Employer’s name and addres

Location and function of all valves and air release locks or plugs

The plates shall not be less than 2.5mm thick and the marking shall be engraved thereon. The dimensions shall be

subject to approval.

CAPITALIZATION OF LOSSES

The transformer iron and coppr losses and mnput to cooling plant (where applicable) will be capitalised during
evaluation. The capitalization will be based on the following:

a) No load losses : R.O. 800/- per KW
b) Load losses R.O. 300/- per KW
¢) Cooling plant : R.O. 200/- per KW

If the acceptance tests of the transformers show that the actual losses exceed the values stated in the Schedules of
Technical Particulars, then the ‘‘Excess Lossess’” will be capitalised according to the above assumption and the
sum thus obtained deducted from the momes due 1o the Contractor as a penalty. For this purpose no tolerance will
be allowed on the figures stated in the Schedule of Particulars and Guarantees.

In any case, the actual losses shall not exceed the figures stated 1n the Schedule of Techmcal Particulars by more
than 10%.

The losses to be stated mn the Schedule of Particulars and Guarantees shall be piven without toferance.

EARTHING AND AUXILIARY TRANSFORMERS
a) General

Earthing transformers shall be of the oil immersed ONAN type suitable for outdoor installation and are to
have a main wterconnected star 33KV winding which will be directly connected to the lower voltage
terminals of the associated  MVA 132/33KV transformer. The earthing transformer shali comply with BS
4944,

The neutrat pomnt of the interconnected star winding shall be brought out of the tank through a bushing
insulator. This point may be isolated or connected to earth directly or through an mmpedance in order (o

provide an earthing point for the neutral of the 33KV system.

The earthing transformers shall also be provided with a star connecied auxiliary winding arranged to give a
415/240 volts, 3 phase, 4 wire supply. The auxiliary winding shall have the continuous site rating of
315KVA and shall conform to BS 171 and IEC 76.

The earthing transformer shall be connected to IEC group symbol ZY11.
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b)

)

The auxiliary transformer shall be carefully designed and proper high grade matenal shall be chosen such as
it gives true and undistorted L'V phase to phase and phase to earth voitages as specified. Factory test results
must be confirmed at site by the Contractor before handing over.

Electrical Short Circuit Characteristics

Earthing transformers shall, when operating continuously at any foad upto continuous maximum rating of the
auxiliary winding be capable of withstanding for a period of 3 seconds the application of normai three phase
line voitage to the line terminals of the interconnected star winding with one line terminal and the neutrai
terminal connected solidly to earth. The zero phase sequence impedance and resistance of the interconnected
star winding under these conditions shall be as stated in the Schedule of Particuiars and Guarantees,

Additionally, earthing and auxiliary transformers shall, when operating continuously at any load upto CMR,
be capable of withstanding for 3 seconds the current obtained when a short circuit 1s applied between any or
all of the lower voltage terminals with full line voltage maintained at the higher voltage terminals.

The foregoing conditions shall assume an mitial winding temperture which is the sum of the maximum
ambient temperature and the temperature rise obtamed by continuous operation at CMR.

The terconnected star winding of each earthing transformer when at its maximum temperature due to
continuous full ioad on the auxiliary winding shall be designed to carry for 30 seconds without inyurious
heating an earth fauit current not less than the full load lower voltage current of the main transformer to
which 1t 15 connected.

Tanks and Fittings

Earthing transformers shall be provided with the followimng fittings:

A)  Conservator vessel with removable end cover and prnismatic oil gauge,

B} Buchhoiz Protection.

C)y  One thermometer pocket with captive screw cap.

D) Silicagel Breather of the oil seal type at least one size larger than would normally be supplied for the
use 1n a temperature climate.
Pressure relief device.
Filter valve and combined filter and drain device.

E

F

G Oil sampling device.

H Cable boxes on 33KV and 415V sides.
I Rating, diagram, valve location plates,

d) Auxiliary Winding

The 3 phase 4 wire auxiliary windings shall be terminated at a 3 pole combined switch fuse unit' with
bolted neutrai link and gland entry for a 4 core XLPE 1nsulated wire armoured PVC sheathed cable.
This shall be accommodated 1n a lockable, fully weather proof compartment together with a neutral
carthing link. The purpose of the neutral earthing link nto connect the 415 volts system neutral to
carth. It shall be connected between the transformer winding end of the neutral link and a suitably

located earthing termminal to which the system earth can be connected.

3 phase fuses shall be supplied with each transformer.

29



6.0

6.1

6.2

7.0

7.1

€) Tappings

The 33KV windings of the earthing transformers shall have tappings at + 2.5% or - 2.5% and + 5 or
+ 5% operated by an off circuit tapping switch, with clearly marked position 1ndicator. Locking
facilities shall be provided for locking only on a defimte tap.

f) Rating and Diagrm Plates

Hach earthing transformer shall be fitted with plates complying with Clause 5.5. In addition to the
information called for in IEC 76/BS 171, the 30 second continuous fault current rating of the primary
winding full current on the secondary winding and the zero phase sequence impedance of the
transformer shall be given on the rating plate.

33KV NEUTRAL EARTHING EQUIPMENT

GENERAL

The 33KV neutral earthing arrangement shall be as shown on Drawing No. PL/SLD-P-03, The 33KV system
neutral earthing equipment for each 125MVA transformer shall comprise:

~ 1 Earthing Resistor 12.80 Ohms 1500 Amps
— 2 Earthing Isolators
— 3 Neutral Current Transformers

NEUTRAL EARTHING RESISTOR

The earthing resistor shall be of metallic element type suitable for outdoor mstallation to provide earthing of 33KV

three phase 50 cycles system necutral.
The housing for the resistor shall be of substaniial steel construction heavily gaivanised.
The electrode shall be adequately nsulated supported and designed to withstand fault operating conditions.

In the case of liquid type, the tank shall be complete with electrolyte level indicator, drain, filling and relief valve,
access manhole and first filling of electrolyte and distilled water.

PROTECTION, CONTROL AND METERING

GENERAL
Separate control and relay boards and mtegrating metering panel shall be provided and mstalled in the substation

control room.

Control boards shall incorporate all necessary control and indication facilities for the operation of the plant and
equipment at the substation,

Relay boards shall mcorporate all the protective gear and the metering panel, the integrating and summation

melering equipment.

Each cubicle shall form a complete enclosure accommodating the equipment associated with only one circuit of
mamn equipment.

The cubicles shall be self supporting, floor standing and shall provide for bottom entry of power and control cables,
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through bottom plate and compression type brass glands for single wire armoured power and multicore control

cables. Floor plates shall not be used as gland plates.

The cubicles shall be provided with close fitting lockable and lift-off rear access doors hinged to open through
180° The inside shall be finished with a matt white surface and shall include a lamp controlled by a door operated
switch. the outside shall be finished semi-matt to cotour Eau de Nil BS 381 C No. 216. Heaters shal] be provided in
each cubicle as m Clause 4.7,

Panels shall be ngidly constructed from folded sheet steel of adequate thickness to support the equipment mounted
thereon, above a channel base frame to provide a toe recess. Alternatively a separate kicking plate shall be
provided.

Overall height, excluding cable boxes, shall not exceed 2.5m. QOperating handles and locking devices shall be
located within the operating limuts of 0.95m and 1.8m above floor level. All panels shall be fitted with padlock. The
mimmum height for indicating instruments and meters shall be i.5m unless otherwise specified.

Panels shall be mounted on an approved form of antivibration mounfings whenever necessary.

All panels and cubicles shall be vermin proof. All cable entries to equipment shail be sealed against vermin as soon
as possible after installation and connecting-up of the cables to the approval of the Engineer. Ventilation shall be
provided for natural air circulation. All controt equipment shall be designed to operate without forced
ventilation,

All metal surfaces shall be thoroughly cleaned and particular care taken during pamting to ensure that bpoth
mternally and externally a first class cover and finish 1s achieved.

All nuts, bolts and washers shall be plated.

Door sealing materials suitable for the specified site conditions shall be provided. Doors shall be fitted with handles
and locks. The doors shall be capable of being opened from within the panels without the aid of a key after they
have been locked from the outside. Hinges shall be of the lift-off type.

The bottom of all panels shall be sealed by means of removable pasketted steel gland piates and all necessary
glands shall be supplied and fitted within the Contract.

Panels shall be suitably designed to permit future extension.

Each panei shall inciude rear access doors and door-operated mntertor lamp, and be clearly labelled with the circuit
titled at front and rear,w ith an additional label inside the panel. Panel sections accommodating equipment at
voltage higher than 110V shall be partitioned off and the voitage ctearly labelled. Each relay and electronic card
within panels shall be identified by labels permanently attached to the panel and adjacent to the equipment
concerned. Where instruments are terminated 1n a plug and socket type connection both the plug and the socket
shall have permanently attached identifying labels.

Instrument and control devices shall be easily accessible and capable of being removed from the panels for

maintenance purposes.

For suites of panels interpanel bus wiring shall be routed through apertures mn the sides of paneis and not via

external multicore cabling looped between the panels.
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7.2

Relays shall be of approved makes (GEC, REYROLLE OR ABB) and where appropriate, shall be provided with
LED#* flag indicators, phase coloured where applicable. Indicators shall be of hand reset pattern and shall be
capable of being reset without opening the case. Where two or more phase elements are incloded 1n one case

separate mdicators shall be provided in the event of failure.

Relays movements and other sensitive equipment shall not be fitted on cubicie doors or hinged panels. No
equipment shall be mounted on rear access doors.

Relays which rely for their operation on an external DC supply shall utilise for this purpose the trip supply of the
associated circuit breaker. This supply shall be monitored at the relay and an alarm provided in the even tof

failure.

Relays, whether mounted on panels or not, shall be provided with clearly inscribed fabels describing therr
application and rating mn addition to the general purpose labels.

Approved means shall be provided on the reiay panels for the testig of protective relays and associated circuits, If
injection test plugs are required for this purpose the same shall be supplied.

Attention is particularly drawn to the tropical climate and relay designs should be entirely suitable for duty under
these conditions.

To minimise the effect of electrolysis, refay coils operating on DC shall be so connected that the coils are not
continuously energised from the positive pole of the battery. Suitable CT short circuiting facility shall be provided
in the relays terminal blocks. All C.T. and V.T. circuits shall have disconnecting link type termmnal.

* LED: Light Emitting Diodes

PROTECTION
a) General

The performance and testing of protective devices shall be in accordance with British Standard 3950.
Protection equipment shall be designed and applied to provide maximum discrimination between faulty and
healthy circuits. All equipment shall remain in-operative during transient phenomena which may arise during
switching or other disturbances to the system.

* LED: Light Emtting Diodes

Relays shall be of approved makes and types, electromagnetic/electronic complyng with BS 1452, IEC
Publication 255, shall have approved charactenstics and be flush mounted draw out type in dust proof
cases.

The construction of the relays shall be sturdy and shall be such that all parts are readily accessible for easy
adjustment.

Relay contacts shall be suitable for making and breaking the maximum currents which they may be required
to control in normal service. Separate contacts shall be provided for alarm and tripping functions. Relay
contacts shall make firmly without bounce and the whole of the relay mechanisms shall be unaffected by
vibration or external magnetic fields.
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b) Distance Protection

Distance protection for 132 and 33KV overhead line feeder circuits shall be of high speed type with | amp

ratng.

To ensure necessary safety of the protection system, the following criteria shall be strictly observed:

Individual measuring elements for each zone and for cach type of fault should be provided, without the
need for switching any current or voltage circuit.

Protection shall detect phase and earth faulis.

A switch on the fault facility shall provide an instaneous tnip if the line is energised onto a three phase
fault with line VT’s.

Transient over-reach shall be reduced to less than 5%, thus allowing mcreased zone 1 setting, without
mal-operation on external faults.

i

Measuring elements of the polarised MHO type shall be provided.

Every kind of fauit shall be measured separately, without change over of measuring system.

Undesired tripping on power swings shall be avoided.

l

To detect fauits with currents less than the rated current, the protection shall be equipped with impedance
starters.

For 33KV feeder circuits switched version of the distance relay covering phase and earth fault with a
single common measuring element would be considered. adequate and acceptable.

c) Pilot Wire Protection for 33KV Cable Circuits

For 33KV underground cable feeder circuit, pilot wire protection 15KV insulated shall be provided.

d) 132KV Busbar and Breaker Back-up Protection
The protection system shall be able to work on CT’s which may have different ratios. The protection system
shall preferably be of the electronic type to achieve the lowest possible response time {less than 20,
ns).
To ensure the necessary safety of the protection system the followmg criteria shall be stricily observed:

— CT circuits shall not be switched via the auxiliary contacts of the busbar 1solators.

— Two independent measuring criteria shall be used both of which shall be independent of the voltage to
ensure in case of a metalic short circuit (voltage 0) safe tnipping.

— Full selectivity shall be guaranteed for each. busbar zone. Al busbar coupling circuit breakers as well as

sectionalising circuit breakers shall be incorporated within the protection system to achieve the necessary
selectivity.
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— The complete protection system shall be fully tested in the factory, the only remainmng work on site being
the connection of the auxiliary cables.

- An automatic test facility shall be provided which will automatically test the protection system
approximately every week. Furthermore, the start of this test shall aiso be possible by manual
operation.

— As the short circuit currents within the network are, under low load condition, rather small the protection
system shall already work at short circuit currents in the range of the maximum possible operating
current.

— Incorporated with the eiectronic busbar protection shall be a breaker back-up protection which shall work
and be mcorporated with the busbar protechion as follows:-

— The 1solator replica of the busbar protection shall be used to guarantee a setective protection of the busbar
ZONECS.

— Two ndependent measuring criteria shall be used to prevent undesired tripping.

— After a delayed time the breaker back-up protection shail give a tripping command to a separate tripping
coil of the same breaker to operate the circuit breaker. If this has no effect the protection shall give a
different tripping command after a second delay time to all Circuit breakers of the concerned busbar zone
1o mterrupt power supply.

— In addition to the above criteria, the following should be observed for both busbar and breaker back-up
protection,

— The extension of the protection system shall easily be possible. The protection shall also be wired for the
whole number of feeders required 1n the future. Thus, later on the respective parts can be easily fitted to
the protection.

Alternatively, high impedance circulating current busbar protection will be considered for 132KV busbar and
breaker back-up protection, sumilar to 33KV busbar protection as described + (e) below.

33KV Bushar Zone Protection

High Impedance Circulating Current Busbar Protection

33KV switchgear shall be provided with a high impedance balanced busbar protection scheme and shall be
capable of extension as the system develops.

The protection shall be capable of detecting 3 phase, phase-phase and phase-earth busbar faults and have two
Independent sets of protective equipment for each zone, one as a check on the fault sensing of the other.

Both sets of equipment must operate to initiate tripping m the event of a busbar fault in any zone.

The check set of equipment may be common to all discrimnating zones to form one overall zone.
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In addition, automatic and continuous supervision of the current transformer circiuts shall be provided to

give warmng of the out of balance current having reached an undesirable value.

The supply shall include the provision of all necessary current transformers, auxiliary switches, reiays,
panels and multicore cable marshalling boxes.

Each zone of protection shail be capable of being switched out of service separately whilst leaving the other

ZONEe Of ZOmes In Service.
The foliowing indicatton lamps shall be 1nstalled on the busbar protection panels:

a) Busbar fauit

b} Protection defective

¢) “‘Protection m Service’’ for each zone

d) “‘Protection out of Service’’ for each zone
¢} Trip supply faulty

Of these, the following shall initiate an audible alarm:

a) Busbar fauit
b) Protection defective
c) Trip supply faulty

In the event of a busbar fault, means shall be provided by flag indicanons on relays to indicate, the zone m
which the fault has occurred.

Trip 1solation links for each circuit shall be provideda on the control and relay paneis.

Suitable CT test and change-over links shall be provided at or in the marshalling kiosks adjacent to each
circuit breaker. These links shall enable the current transformers to be shorted and/or isolated from the
protection in order that testing and maintenance can be carried out. Links are to have a switch profeciive
cover and warning labei.

Overcurrent and Earth Fault Inverse Time Protection

Overcurrent and earth fault relays shall be of the induction disc/electronic inverse definite mnumum
(IDMT). Directionai delays of this type shall incorporate directional element which gives maximum torque
in a closing direction for an operating current of 45 Deg. lagging power factor when applied to transformers
and 30 Deg. for plain feeders.

Overcurrent relay shall have a current range from 50 to 200% 1n steps of 25% and the time setung adjustable
from 0 to 3 seconds at 10 times the normal operating current.

Inverse time earth fauit elements shall comply with the foregoing but shll have a range of settings from 10 to
40% 1n steps of 10%.

Thermal rating of relay shall be such that operatng ume shall not exceed the _.n_mw thermal withstand.
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g)

h)

K)

Transformer Overall Protection

Transformer overall protection shall be of the biased differentiai type to cover 132 and 33KV windings for
phase and earth faults,

The protection shall incorporate harmomic restraint against third and fifth harmonic and shall remain stable

during magnetising irush surges without introducing any intentional time delay during fault operation.

The minimum operating settings shall be not more than 30% of rated full load of the current
transformers.

The protection shall remain stable under maximum through fault conditions corresponding to rated system
short circwt level of any tap position.

Transformer Restricted Earthy Fault Protection

Transformer windings shall be provided with restricted earth fault protection. Relays shall preferably be of
the high impedance circulating current type with necessary protection against over voltages.

Relays shall have maximum sensitivity and minimum operating tumes consistent with stability for faults
outside the protected zone and on magnetising inrush surges.

132KV neutral current transformers shall be incorporated in the high voitage neutral bushings of
transformers and 33KV neutral current transformers m the metal clad nuetral earthing switchgear.

The line and neutral current transformers shall have identical- turns ratio and matching magnetisation
characteristics.

Stand-by Fault protection

For thermal protection of fault current limiting 33KV nuetral earthing resistors in the event of an uncleared
fault two stage definite time stand-by earth fault protection shall be provided on the 33KV neutral circuit
with current setting range 10% to 40% of the rated current, and time setting adjustment from 2 to 30
secs.

Definite Settings and Definite Time Delay Earth Fault Protection

Transformer neutrals (132KV) which are solidly earhed shall be provided with neutral earth fault protection
of a definite current/definite time delayed type.

The retays shall be supplied with adjustable settings such that protection can be provided for the maximum
proportion of the windings.

A time delay telay with two stages of adjustable settings shall be provided and the characteristics and setting
range of both relay shall be to approval.

Buchholz Protection

Transformers shail be fitted with Buchhoiz devices. The Buchholz device will be of the two element type

giving operation under gassing and under surge conditions.

All necessary flag indication tripping relays and alarm reiays associated with this protection shall be supplied
and connected.
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7.3

AUTOMATIC RECLOSE EQUIPMENT

a)

b}

¢)

132KV Overhead Line Feeders

At present, auto reciose shall be provided on 132KV overhead line feeders and shall be initiated only for
zone | phase to phase and zone | phase to earth faults from the 132KV distance protection for these
lines.

Auto reclose shall be blocked for all three phase faults and any zone 2 or zone 3 fauli and also following the
operation of the 132KV feeder relays.

The range of dead times 1.e. the delay between tripping due to a fatit and reclosing the circurt breaker, shall
cover the range 2-25 seconds and the range of reclaim times shall be switable for the 132KV circuit breakers
offered.

After the 132KV breakers at both ends have been tripped due to a zone | phase to phase or phase to earth
line fault detected by distance protection relays at either end, the feeder will be re-energised from one end
after the expiry of the reclose dead tme followed by reclosing of the breaker at the other end after a
predetermined time mterval which shall not be completed unless the system 1s 1n synchronism 1e. the line
has been energised and the check synchromsing relay permits reclosure.

132KV Overhead Line Feeder Transformer Circuits

The 132KV feeder transformer circuits shall be controlied by 132KV breakers at the substation, trip with
atto reclose on the 125MVA wansformer 33KV breaker at the receiving end shall be nitiated by zone |
vhase to phase and phase to earth faults from the 132KV distance protection at the substation.

Auto reciose shall be blocked for all three phase fauits and any zone 2 or zone 3 fault and also following the
operation of the 132 overcurrent and earth fauit retays at the substation. Similarly, if the 132KV line fault 1s

of permanent nature, auto reclose of the 132KV circuit breaker at the substation shall be blocked.
After the 132KV breaker at the substation and the 33KV transformer breakers at the receiving end have been
tripped due to a zone | phase to phase or phase to earth line fault detected by distance relay at the substation

the feeder transformer shall be energised after the expiry of the reclose dead time.

The auto reclose scheme shall provide for selectuion of ‘‘auto reclose on’” or ‘‘auto reclose off’’ and
operations will normally be single shot with repetitive reclose cycles.

The auto reclose equipment shall be arranged to lock out and sound an alarm after the unsuccessful reciose
attempt.

The retays shall have provision for adjusting the dead and reciaim times, the range of adjustment being
suitable for the protective gear and circuit breaker types employed.

A counter to record the number of operations shall be provided.

The reclose relays shall in all cases incorporate means for locking out the circuit breaker after predetermined

number of reciose cycles for circuit breaker maintenance to intiate an alarm when this sitvation s

approaching.
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7.4

METERING

a)

b)

<)

d)

€)

General

Statistical metering shall be installed on the 33KV side of 132/33 KV transformers. Each 33KV circuit shall
be equipped with a commercial grade itegrating KWH meter mciuding maximum demand indication and
KVARH meter. Non reversing ratchets shall be fitled. Summation equipment shall be provided and all
equipment shall be installed on a separate panel. Requirements are shown on Drawing MEW/
132/33/005.

KWH Meters

Kilowatt hour ntergrating meters shall be of the induction disc 3 phase unbalanced load type.
Case shall be subject to approval and shall be finished n bright black enamel.

Kilowatt hour meters shall be provided with a maximum demand indication on a poinier dial arranged for
half hour resetting. The half hour resetting signal shall be obtained from a time clock.

33KV metering shall be fitted with a transmitting umit to provide a pulse or switched output to operate a
summation scheme and to transmit information (magnitude and direction) via a future supervisory system to
a central control area. Six digits shall be provided, direct reading type without use of muitiplying
factor,

KVARH Meters
KVARH meters shall be of the induction disc three phase unbalanced load type of the same manufacture as

the KWH meters with six digits and direct reading type.

KVARH meters shall be equipped with impulsing contacts having a pulsing rate of 10 KAVRH per
pulse.

Summation Equipment

The summated half hourly KW demand shall be recorded at 30 minute intervals on a printometer. The
integrated total KWh shall be separately indicated on a total register. The 30 minutes printing interval shall
be signalled from the tume clock used for the maximum demand mdicator.

The KVARH pulses shall be summated and the integrated total KVARH shall be indicated on a
register.

Both KVARH and KWh summated values shall be used to drive a total KVA demand indicator which shall
be integrated over a 30 minutes period. The total KVA demand shall be indicated on a pointer dial. The
pointer shall be reset after the integration period which will be signalled as for the KW maximum demand
indicator described above. A manually reset KVA maximum demand pomnter shall be included.

The summated KVAH pulses shall be registered on the printometer.

Time Clocks

The time clock used for measuring the half hour intervals shall be operated from the 110V DC supply.
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g)

h)

7.5

a)

b)

Construction

All metering equipment shail be surtable for panel mounting in flush draw-out cases and be in accordance

with the general requirements of the specification.

Auxiliary Supplies

Auxiliary equipment should ve suitable for operation from the 110V DC supply.

Each 33KV feeder shall be equipped with a commercial grade mtegrating KWh meter including maximum

demand mdication.

CONTROL BOARDS

General

Separate control boards shall be provided for 132KV switchgear and for 33KV switchgear.

Control panels shall provide all facilities necessary for the safe and effective control of the plant and
equipment beimng supplied under this Contract.

132 and 33KV circuit breakers shall be provided with electrical controls at the circuit breaker, suitably
mounted on local control cubicles for 132KV and nfront of switchgear panels for 33KV for use under
mamtenance or emergency conditions. A multipie iockable changeover selector switch shatl be provided at
the circuit breaker and labelled ‘‘Local’” and ‘‘Remote’’.

When the circuit breaker 1s selected to the ‘‘Local’” position, 1t shall not be possible to open or close the
breaker from remote positions.

132 and 33KV circuit breakers shall be capable of being controlled from the substation control rcom and
also in the future from a central control room via a remote supervisory system. Circuii breaker control
switches on remote panels should be mcorporated with the discrepancy type indication switches, Changeover
selector switches for remote/supervisory control shall be multiple lockable and labelled ‘‘Remote’’ and
“*Supervisory’’. Selector switches shall be wstalled on the appropriate circuit breaker coniroi panel.

All terminals from the selector switch for the future supervisory system shall be wired to the control panel

termunal block. Controis at each substation shall be operated at 110V DC.

Indications

A single line schematic mimic diagram showing the main power equipment and connections shall be
provided on 132 and 33KV control panels. The diagram shall incorporate discrepancy type indication
switches to show the position of circurt breakers, 1solators and line earthing links. Discrepancy indication
switches shall be provided for all circuit breakers, 1solators and line earthing links except where

specified.
The diagram shall be at a convenient height to allow easy operation of discrepancy switches.

Control boards and panels shall except where specified otherwise, be fimshed in ser matt Eau De Nil BS
381 C No: 216 colour. System voltage shall be distinguished by the following colours on the mumc

diagram:
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)

d)

e)

System Voltage KV Colour to BS 381 C

132 Black

33 Green No . 221

11 Signal Red No : 537
0.415 Light Orange No . 557

Control switches and push buttons shall comply with OES 11.

Position indication signals of switches and breakers for transmission by a future supervisory controf scheme
ghall be derived from separate normally open and closed auxiliary contacts, provided and connected upto
terminal blocks in the associated control panels. A discrepancy condition shall sound a buzzer n the controi

roorm.

All discrepancy lamps shall be arranged to light and give an audible alarm when the position of the
equipment; e.g. circuit breaker 1s at variance with that of the indicator and shall be arranged to extinguish
when the indicator is set to the correct possition.

Trip Circuit Supervision

Relays shall be provided to monitor continuously the trip circuit for each circuil breaker and provide an
alarm in the event of failure of continuity of supply. Series resistances shall be provided as necessary to
ensure that the trip coil will not operate in the event of short circuit of any one component of each
monitoring circmt.

The relays shall be designed such that under normal healthy conditions they should be energised. If the
tripping supply fails or the tnip circuit becomes open circuit the relay should “‘drop off’’ after a short iime
delay and mitiate andible and visual alarms.

The time delay on ‘‘drop off’" should be suitable to prevent spurious operation duc to transient [rip supply
voltage reductions or tripping of other circuits.

Synchronising

Manual/Remote synchronising facilities on the 132 and 33KV circuit breakers shall be provided.

The system provided 1s to be such that the synchronising circuit must be established before the circuit
breaker can be closed.

Synchronising check relays to prevent circuit breaker closing out of synchromsm are to be inciuded.
Synchronising check relays shall check the phase and magnitude of the voltage difference at synchronising,
to prevent inadvertent manual closing outside acceptable at limits. Means shall be provided the
synchronising panel to by-pass these relays when switching dead equipment or lines, together with wamning
tamp indication that the relays are out of circuit.

Synchromsing check relays shall be suitable for the use with a future remote supervisory control scheme,
without further modification.

Indicating Lamps

Normally, energised indicaung lamps if employed shall in general be energised from the station LVAC
supply via an auxiliary transformer. In addition, facilities shall be provided for manual changeover from the
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AC supply to the station DC supply via an automatically resetting switch arranged to reset after a time
interval of approximately five minutes.

Common switches shall be provided in approved locations so that all normally lit indicating lamps and the
audible alarm can be switched off. Auxiliary contacts on the common substation switch shall be arranged to
cut out the flasher relays of alarm circuits to prevent unnecessary wear on flasher relays.

Lamp fittings shall allow adequate ventillation and allow for easy removal for replacement of the lamp in the
event of failure,

Lamp test facilities shall be provided so that all lamps on one panel can be tested simultaneously by
operation of a common key. Where alarm facias are specified, all alarm and monitoring indications shall be
imcorporated in the facia.

Indicating lamps and fittings shall generally be in accordance with OES 11.

Alarm Schemes

Alarms shall be sub divided into trip and non trip (urgent and non urgent) function and each arrange to
operate a common bell or buzzer as specified.

Means shail be provided for silencing audible alarm whilst ieaving the bell or buzzer free to sound if any
other alarm circuit is energised.

Alarm indicating lamps shall remamn airight until cancelled by the resetting of the devices nitiating the
alarms or the operation of a separate cancellation switch.as appropriate.

Where devices initiate alarms when breakers tripped mannually the circuits shall avoid unnecessary display
of the alarms.

A common facia for each circuit shall be provided and mounted on the associated control panel. Common
alarm facia shall be of the multi window type (preferably with individually repiaceable windows) with
individual alarms operated from self seal-in relays and indicated by flashing illurmnation of an inscribed
transparent window, Operaton of a common accept key shall cause the light to become a steady and silence
the audible alarm due to be cutout by the auxiliary contacts specified 1 ‘e’ above. -Resetting of the
mterposing alarm reiays shall only be possible after the initiating contacts have been reset.

The supply shall include all necessary interposing relays, cables, wiring and channels in the power line
carrier system necessary to enable four group alarms to be transmitted to supervisory control center.

a) Trip alarm

b) Non-Trip aiarm
c) Spare

d) Spare

When testing the lamps, provision for blocking transmission of alarms to Remote Control and resetting after
test shall be provided.
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7.6

7.6.1

g) Fuses and Links

Fuses and links shall be in accordance with OES 11. Fuses shall be of the high rupturing capcity cartridge
type. Fuse holder shall be designed to lock the cartridge firmly into position.

Fuses and links shall be positioned at the bottom of the front face of relay boards but at the rear of control
boards on the outside of the cubicle and above the access door.

Carriers and bases for 16 amp fuses shall be coloured green and those for 6 amp fuses shall be black. Link
carriers and bases shall be white or other distinctive colour,

Miniature circuit breakers are acceptable in lieu of fuses.
h) Earthing

Each control relay or metering pane! shall be provided with a copper earth bar of not less than 100 sq.mm
cross sechion and arranged so that the bars of adjacent panels can be joined together to form a common
bus.

The common earthing busbar of control and relay panels shall be connected to the mamn station earthing
system via a copper earthing connection.

i) Test and Earth Links

Test facilities shall be provided for each current and voltage transformer secondary circuit, in order to give
access for testing of protection relays and associated circuts. The facilities shall comprise test termnals of
an approved type for front of panel mounting with provision for short circuiting and earthing current
transformer secondary circuits by means of a switch or by movement of secondary links from their normal

operating position,

Each current and voltage iransformer circuit shall be earthed through a removable link at one point only.
Current transformer circuit links shall be arranged so that the current transformers can be safely short

circuited whilst the circuit 1s on load.

Links shall be clearly labelled, mounted mn accessible positions and the link covers coloured white,

i) Multi-core Cables

Protection and control schemes should, 1n general, be based on the use of single 2.5 sq. mm cores, except
where 0.9mm 2 telephone cores are specified.

SUPERVISORY CONTROL AND TELEMETERING MARSHALLING CABINETS
General

The supply of separate floor mounting marshalling cabinets and all wiring from the switchgear, control and refay
panels to these cabinets for all connections to the remote control and supervisory equipment is included in this
contract. These cabinets will form the interface between the substation and the remote supervisory control

center.
Terminals for current transformer circuits are to mcorporate shory circuiting links on the switchgear side of the

terminals. All terminals shall incorporate open circuiting links to permit isolation and testing of circuits to the

telemetering and control equipment.
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Where proviston for transducers is specified, a block of ten spare termunals shall be provided adjacent to the current
and voitage transformer wiring. terminals to enable the future Supervisory Control and Telemetering Centre to
marshall output jeads from transducers. Five spare terminals shall be provided for transformer tap position

mndication transducer output.

Marshaling cabinet shall be located 1n PLC room.
7.6.2 Transmission of Alarms and Indications

Wiring, auxiliary contacts etc. to enable the following signals (wherever applicable) to be transmitted by the
teiemetering and supervisory equipment 1s to be cabled to the marshalling cabinet:

a) For Each Feeder Circuit Breaker
Alarm indications for:-

i) Main protection trip

i) Back-up protection trip {(over current, earth fault, distance protection zone 2 or 3 efc., connected to one
cOmmon alarm Circuit)

ifiy  Auto reclose initiated (where applicable)

v} Auto reclose lockout (where applicable)

v) Circuit breaker inoperative

vi) Trip circuit fail

vii) VT fail

viii) Protection pilot or channel fail (as applicable)

1x}  Intertrip recetve (where applicable)

x) 110V DC supply fail

xi) Space for 5 future alarms

“QN/OFF”’ indications for:

1) Circuit breaker

i) Busbar 1solators

iiiy  Line or cable 1solator

v) Line or cable earth switch

v) Supervisory contro! 1n service
vi) Local/Remote control in service

For transducer connections for remote measurements:

i} 3 Phase + Neutral cwrrent transformer connections

ii) 3 Phase + Neutral voltage transformer connechions
b) For each Transformer Circuit Breaker
Alarm 1indicators for:
i) Main protection trip (including cable iow oil pressure tnp if applicable)
i) Back-up protection trip

iiiy  Circuit breaker inoperative
1v) Trip circut fail
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¢)

v) Intertrip receive

vi)  Transformer alarm (including cable low oil pressure alarm if applicable)
vii) 110V DC supply fail

viii) Trip refay operated

ix}  Space for 5 future alarms

“ON/OFF’’ imdications for:

i) Circuit breaker

ii) Busbar isolators

1ii) Cable or transformer isolator

iv)  Cable or wransformer earthing switch
v) Supervisory control in service

vi) Local/Remote control in service

For transducer connections for remote measurements:

i) 3 Phase + Neutral current transformer connections
ii) 3 Phase + Neutral voliage transformer connections

For Earth Bus Coupler or Bus Section Circuit Breaker
Alarm indications as follows:

i) Main busbar protection trip

ii)  Reserve busbar protection trip (if applicable)
iiiy  Busbar protection fail

v}  Back-up protection trip

v) Circuit breaker in-operative

vi)  Trip circut fail

vii) 110V DC supply fail

viii) Trip relay operated

1x})  Space for 5 future alarms

“QON/OFF" indications for:

i) Circuit breaker

ii) Busbar isolators

iii)  Busbar earthing switches

iv}y  Supervisory control in service
V) Local/Remote control 1n service

For transducer connections for remote measurements:

— 1 Phase current transformer connection



d) For Each Transformer

Indications as follows:

i) Control selection (‘‘Auto/Manual’")

ii) Control selection (*‘Supervisory On’")

iiiy  Tap change mn progress

iv)  Tap changer incomplete aiarm

v) Tap changer out-of-step

vi)  Tap position indication (‘‘Potential Free’’ contacts on multi-position stepping switch)
vii)  Space for 5 future alarms or mdications

€) For Station Alarm Panel or Desk

Alarm ndications for:

i) AC supply to 110V DC battery charger fail
ii) AC supply fail

iii)  Alarm DC supply fail

iv)  Battery alarm

v) Telecommunications fail (urgent)

vi)  Telecommunications fail (non-urgent)

vii)  Under frequency relay operated

viii) Station attended/Unattached

1x}  Fire protection operated

X) Space for 5 future alarms

1] For Each 33KV Neutral Isolator

- Indication *‘Open/Closed’’.

7.6.3 Reception of Remote Controls

Wiring to enable the following signals to be received from the telemetermg and supervisory equipment is to be
cabled to the marshalling cabinets:

a) Control (inp/ciose) of all circuit breakers

b) Control (open/ciose) of all power operated 1solators
¢) Controi (raise/lower) of all on-load tap changers

d) Resetting of electrically reset type trip relays

Interposing relays are to be provided in the control or relay panels with contacts capable of handling the switchgear
tripping and closing currents. The operating coils of these relays are to be suitable for operation from the substation
110V battery.

7.6.4 Tele-Protection Signals

Cables for the Teie-Protection signals between the protective reiays panels and the Tel-Protection signalling
equipment are to be provided and installed. At the ﬁm_navnoﬁoo:ou signalling equipment end, the cables are to be
terminated in the cable glands, cable cores identificd and marked with identification ferrules. Cable glands are to be
provided. Cable cores to be connected to terminals of the Tele-Protection equpment. Separate cables are to be used
for each Tele-Protection channel.
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7.6.5

8.0

8.1

8.2

At the protective relay panel, the cables for the Tele-Protection signals are to terminate on terminais which are
wired directly to isolating links mounted on the front of the relay panel. The purpose of these links 15 to enable the
Tele-Protection equipment to be readily isolated from the protective relays and the 110V DC tripping and conrol
supplies. Disconnecting links incorporated in the terminal blocks will not be acceptable for this purpose.

A two position test switch (**Test/Normal’’) is to be installed on the front of the relay panel to enable the
functioning of the inter-tripping channel to be tested. The switch 15 to be lockable and provided with a lock and
duplicate keys. An indication lamp is to be provided for indicatmg that the test switch is in the ‘‘test” position. A
push-button is to be provided to initiate a test trip signal to the Tele-Protection equipment. A second indicating
lamp or an auxiliary relay shall be provided to indicate that a test trip signal has been received.

The size of supervisory panel should be such as to accommodate specified number of current, var/watts and other
transducers. The preferable general arrangement of supervisory panel will be such that transducers are installed in
central portion in multi vertical rows with all a.c. and control wiring as vertically arranged terminals on the sides
and transducer output wiring at the centre where transducers are not specified as part of supply, necessary space
provision for mounting of transducers and wiring in future to be kept.

BATTERIES, CHARGERS, DC SWITCHBOARDS

GENERAL

Two sets of 100% duty batteries, battery charging equipment and one DC switchboard shall be provided.

All batteries, chargers and distribution equipments shall be suitable for switchgear tripping and closing duties, alarm
and indications and emergency lighting requirements.

DC SYSTEM ARRANGEMENT

Nominal voltage shall be 110V DCand the voltage measured at the main distribution switchboard shall not vary by
more than plus 20% and minus 10% of the nominal voltage when operating in accordance with the requirements of
this section.

The schematic arrangement of the main DC system shall comprise distribution board, 2 x 100% automatic float
cum boost charger and two 100% duty batteries. Each battery shall be connected to the main distribution board via
a double pole changeover contactor. This arrangement avoids applying over voltages to the connected load when a
battery 15 being boost charged by switching that battery from the distribution board to the boost charger.

The batteries and chargers shall be arranged such that under normal conditions i.e. with A.C. supplies available to
the chargers, both chargers operate in parallel to supply the specified D.C. load and at the same time automatically
float charge the respective batteries to keep them fully charged. With one charger out of service the other shall be

able to fulfill the full D.C. load requirements and at the same time the total battery float charge requirements.

It shall not be possible to switch more than one 100% capacity battery and one charger out of service at one

time.

The 110V batteries, chargers and distribution switchboard shall be provided to operate the control, alarm and
indication schemes at the substation.

All DC equipment for the carrier equipment shall be as specified in sections.
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8.3

84

8.5

TYPE OF BATTERIES

Batteries shall be of the nickel cadmium alkaline type with cases of plastic. The battery to comply IEC 623 - 1978
and shall be designed for a life of 25 years under site conditions.

Cells shall be numbered consecutively and terminai cells marked to indicate polarity.

Cells shall be marked with the following:

Manufacturer’s name and code

Year and month of manufacture

1

Voltage and nominal capacity at the 10 hour discharge rate

Electrolyte shall be potassium hydroxide.

BATTERY DUTY

Each battery shall have sufficient capacity to supply the following loads for the periods specified with the chargers
out of service.

Emergency lighting - SiX hours
Control and relay panels normal DC loading —  eight hours

At the end of the eight hours the battery shall have sufficient capacity to complete the operations listed below, at
the end of which duty the system voltage shall not have dropped below 90% of the nomnal voltage with the above
standing loads connected.

1) Two closing operations on all circuit breakers i the station.

2) Two tripping operations on all circuit breakers in the station, with simultaneous tripping of all circut

breakers in any one busbar protection zone.

» Charging of DC motor woind circuit breaker cfosing springs (where applicable) to enable the closing
operations to be carried out.

The electrolyte capacity and general design of the batteries shall be such that the mspection and maintenance,
inciuding topping up of the electrolyte shall be at mntervals of not iess than twleve months.

BATTERY MOUNTING CONNECTIONS AND ACCESSORIES

Batteries shall be mounted in double tiers in framed timber stands of robust construction. The stands shall be treated
with electroiyte resisting enamel or gloss pamt and any metal fittings shall be painted so that will not be exposed to
corrosion. the cells shall be arranged in the tiers so that each cell is readily accessible for test and inspection. The
stands shall be mounted on porcelain msulators and be so dimensioned that the bottom of the lower tier is not less
than 300mm above the floor.

Batteries shall be supplied and erected complete with all necessary connections and cabling. Connections between
tiers, between end cells and between porcelamn wall bushings shall be of solid copper rod of suitable cross section
supported on porcelan electrolyte resisting enamei gloss paint. Disconnecting links shall be provided for each
battery at the terminals.

Before jomting, joint faces shall be bright metal, free from dirt and shall be protected by a coating of petroleum
jelly.
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8.6

8.7

Each battery installation shall be provided with a durable instruction card and a full set of test accessories, mounted
in a strong wooden box. One syringe hydrometer shall be included for each nickel cadmium alkaline battery
mstaliation.

Suitable contamers shall be provided for making up electrolyte for each type of battery.

BATTERY FUSES

This is to be included as Clause 8.6. (Consequently the clauses already assigned with Nos. 8.6 and 8.7 shall be
renumbered 8.7 and 8.8).

Cartridge fuses shall be provided in both positive and negative leads and positioned as close to the battery as
possible and shall be rated for at least three times the maximum battery discharge current at the highest operating
voltage.

The two fuses shall be mounted on opposite ends of the battery stand or rack. These fuse links shall comply with
BS 88 clause DC 40 and shall be bolted mn position without carriers.

Fuses shall be contained in poly carbonate fume proof boxes,

Warning labels shall be fitted to warn personmel of the danger of removing or replace a fuse whilst the load is
connected and that fuses should not be removed immediately following boost charge due to the possible ignition of
hydrogen gas.

It shall not be possible to leave the battery disconnected without some local/remote indication that such a state
exists.

CONTROL AND CHARGING EQUIPMENT

Each battery charging equipment shall comply with the requirements of BS 4417 : 1969 (IEC 146 : 1973), shall be
of the thyristor controlled, automatic constant voltage type with current limat facilities,

The whole of the charging equipment shall be contained 1n a ventilated steel cubicle. The charger cubicles shall
normally be mounted immediately adjacent to the DC distribution panel to form a board and shall be of matching
design, colour and appearance, both with it and the substation control and relay panels.

The automatic charger shall maintain the batteries normally floating so that no discharge occurs under normal
loading and the batteries remain fully charged.

Chargers may be designed for operation from either 3 phase or signle phase AC auxiliary supplies with nominal
voltages of 415/240V and shall maintain the float charge automatically irrespective of variations in the voltage of
the AC supply within specified limats.

The automatic float charger output voltage shall not vary by more than plus or minus 4% of the nominal float
charge value, or exceed a maximum of 12QV when connected to the ioad and operating under any combination of
the following conditions:

a) Frequency variation 49.5/50Hz
b) Rated mput AC voltage variation plus or minus 6%
¢} QOutput between 0 and 100% of rating
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8.8

The output voitage regulator shall be adjustable and shall be so designed that special tools are required for such
adjustment.

The rating of the charger on float charge shall be equal to the normal batiery standing toad plus the recommended
fimishing charge rate for the battery of the normal standing load. The charger shall be capable of charging fully
discharged battenes m 12 hours,

A boost charger shall also be provided to recharge the battery after a heavy discharge. The voltage/current
charactenistics of the boost charger shall have a tapering characteristic 1n order to minimise gassing during the
finishing period of a conditioning charge.

When a battery is being boost charged, it shall be disconnected from DC bus bars. It shall only be possible to boost
charge one battery at a time,

At normai rated input voltage and frequency the boost charger output shall be not less than its specified rating at
any battery voltage within the range 100/130V or such other range as is approved. The maximum voltage of the
boost charger when delivering the recommended finishing charge shall be not less than 1.8V per cell.

The charger shall be capable of charging fully discharged batteries 1n 12 hours, Each charger shall be provided with
the following instrumentation, indication and alarm facilities:

H

Red/Green-on/off indicating lamps for the incoming AC supply

Voltmeter — input voltage

Voltmeter — output voltage with low voltage alarm contact

Ammeter — output current {centre zero type)

!

Alarm — charger fail

t

Amber indicating iamp — Boost charge

The mmimum requirement for the charger fail device shall be the detection of AC supply voltage failure. The
voltage failure detecting device shall not operate on switching surges or transient loss of voltage due to faults on the
power systen.

Sustable blocking diodes shall be provided to prevent the battery voitage bemng supplied to charger equipment so
that 1n the event of D.C. output failure from charger or reduced D.C. output voitage from a charger failure
mdication/aiarm 15 not prevented.

In addition each charger shall be equipped with a switchfuse for the incoming AC supply and either an off load
1sotator or disconnecting links for the DC output. Two sets of disconnecting links shall be fitted to the boost
charger, one for each battery. Each charger shall also be capable of sustaining without damage to itself, a

continuous permanent short circuit across its output terminations.

D.C. SWITCHBOARDS

The switchboard shall comply with the requirements of BS 5486 (IEC 439).

Distribution panels shall be mounted adjacent to the charger control panel and shall be of the cubicle type complying
with the general requirements of this specification for cubicle type control paneis.

Distribution panels shall incorporate double-pole switches and fuses for each of the outgoing DC circuits and double
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9.1

pole isolators for the mcoming DC supply from the charger and for baitery connections. The pane! shall be provided
with a voltmeter and centre zero ammeter on each incoming battery circut.

Battery earth fault detecting relay with centre tap earth the 110V system via a high resistance and battery low voltage
alarm device shall be incorporated in the distribution panel. Each device shall have three alarm contacts, one for local
visual annunciation, one for the station control panel alarm indication and one for audible alarm. The battery low
voltage alarm device shall be adjustable over an approved range. No-volt relays will not be accepted for this
device,

An over voltage detection equipment to give local and remote alarm when the D.C. voltage rises more than 5% above
the normal automatic float voitage. A time delay shall be mcorporated to prevent operation when a battery with high

open circuit voltage is switched from the boost to float condition.

Double pole changeover contactors shall be included in each incoming battery circuit to obtain the charging

_conditions specified in Clause 8.2. The contractors shall be both electrically and mechancally interlocked so that it is

not possible for both batteries to be connected to the boost charger at the same time. Both batteires shall be
automatically reconnected to the main DC distribution baord on failure of either the boost or auto charger.
Connections between the batteries and the distribution cubicle shall be made in solid copper rod or PVC insulated
cables as required. Cable laid in runs where it may be subject to damage shall be protected by wire armourng and be
sheathed overall.

Copper rod connections shall enter the cubicle near the top through suitably insulated plates and shall be so arfanged
within the cubicle that they do not impede the making of connection to distribution circuits.

Cable boxes shall be provided as appropriate for all incoming and outgoing circuits of the distribution switchboard
and associated battery chargers.

Each circuit shall be suitably labelled at the front of the pane! and at the cable termination where the terminals shall be
additionaily identified.

Charging and distribution switchboards shall be provided with copper earthing strip in accordance with the
requirement of Section 9 of this Specification.

EARTHING

GENERAL

Transformer neutrals shall be earthed as detailed below:

132KV neutrals solidly earthed
33KV neutrals of transformer Resistance earthed
415V neutrals solidly earthed

Earthing electrodes and connections at each substation shall be in accordance with the recommendations in the BS
Code of Practice CP 1013:1965. Earthing electrodes buried in the ground in suitable locations as close to the electrical

plant as is feasible. The groups of earthing electrodes shall be interconnected with each other and connected via
links.

The earthing system specified in OES 11 shall be provided and it shall incorporate the relevant requirements specified
in this section,
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9.3

94

All equipment necessary for a complete earthing system shall be provided including electrode chambers and covers,
positioning of all eartn electrodes, nstallation and connection of all earthing conductors and testing of each earth

point.
A detailed layout for the earthing system shall be submutted.

EARTHING POINTS

A minimum of six earthing points at the substation shall be provided. The number of rods and earthing potnts shall be
based on the substation and earthing system layout, the resistance between any point on the earthing system and the

related earthing electrodes and tne overall resistance of the system to the general mass of the earth.

Each earthing eiectrode shall consist as required of clusters of 15mm diameter copper rods, each at least 3.5 meters
tong driven 1nto undisturbed soil. The spacing between each rod electrode shall be not less than the length of the rod
and shall complete with approved non-ferrous clamps for the connections of earthing conductors and with a hardened
stell tip and cap for driving by means of a power hammer. Each cluster or group of electrodes shall comprise at least
four electrodes.

Electrode link chambers and concrete covers shall be provided to facilitate ready inspection of the connection.

Locations for the electrode chambers and the interconnection arrangement shall be based on the result of the earth

tests,

The resistance between any pomnt of each system and the related earthing electrode shall not exceed one ohms and the

overall resistance between the earthing installation and the generla body of the earth shall be less than one ohm under
any climatic conditions.
EARTHING CONDUCTORS

Conductors for interconnection between the electrode mn any group and between groups shall have a cross sectional

area of 300 sq.mm and there shall be at least two such connections to each electrode group.

Conductors for connection between the electrode groups and station earthing main bars shall have a cross sectional
area of 300 sq.mm.
Earthing conductors shall be of annealed high conductivity copper and shall be stranded in accordance with IEC 55.

They shall be protected with an extruded PVC sheath of 1000 voits grade.

Where due to site earth resistivity conditions it 1s found necessary for electrode groups to be driven im locations

remote from the substation earth bar system insulated earthing conductors shall be employed.

Earthing conductors shall be buried directly in the ground between the electrode chambers and buildings. Inside
buildings they shall be cieated to walls and ceilings of fixed to cable racks or laid in the cable trenches as

convenjent.

EARTH BARS

Main earth bars shall comprise annealed tinned copper strip approximately 30mm by 6&mm with a cross sectional area
at least 300 sqmm interconnected at suitable points buried in the ground or supplied on building structures, cable
trench walls etc. by means of brass clamps speaced at not more than 1.25 metre centres.

Branch connections from the main sarth bars shall comprise annealed copper strip, the size of which shall be as

detailed below, connected to all equipment contaimng or supporting electrical apparatus, earth batteries etc.
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9.5

Substation fencing shall be provided with an independent earthing system less than 4 ohms.

The size of copper earthing strip or conductor to the various items of equipment shall not be less than the following
and shall be adequate for the maximum earth current likely to be encountered:

EQUIPMENT MINIMUM
132 surge arrestors, switchgear, transformers, systems neutral points etc. . 300 mm2
33KV switchgear, transformers, steel mz.:oﬁwnm, overhead line earth wire, terminations etc, 200 mm2
Control and relay panels etc. 100 mm2
mm2

Structure and supports forming a 3 phase set may be earthed in groups using a separate branch connection to each
item of the group with a single subsidiary connection to the main earth bar. High frequency coupling equipment
shall be earthed by separate connections taken direct to carth electrodes.

Earth connections to 132KV surge arrestors, switchgear, transformer neutral points and earthing resistors shall be
made m 50mm by 6mm copper section direct to groups of earth rods and interconnected to the remainder of the

earth systems.

Capacitor voltage transformers and surge arrestors shall be connected to a single earth rod, dnven to a depth of not

less than 5M, in addition to earth grid, in order to provide a low reactance path for high frequency signals.
Isolator and earthing switch operating mechanisms and circuit breaker control boxes not integral with circuit
breakers shall be connected to the earth system by a branch entirely separate from the employed for earthing the

1solator, earthing switch or circuit breaker structure.

Such branches shall be connected to a ground mat which shall be provided beneath the position where an operator
will stand.

The fences shall be earthed separately from the electrical plant. The fence shall be electrically continuous at ail
points. This shall be ensured by bonding between the fence section by mmimum 100mm?2 copper conductor.

The gates shall be bonded to the fixed section by means of flexible copper jumpers of not fess than 100mm2.

The fence shall be earthed through earth rods electrodes, with at least one rod for every 20 metres of fence

rum,

EARTHING CONDUCTOR CONNECTIONS

Connections between the main earthing conductors and the main earth bars shall be made with lugs compressed
onto the 300 mm2 copper strand. The lugs shall then be tinned and nvetted to the main earth bars.

Stranded earthing conductors shall be 1n the one continuous length and straight through jointing 1s prohibited.

Connections to plant and equipment shall be made using the earthing termnals specified in the contract.
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9.7

10.0

10.1

10.2

Joints mn earthing strip shall have the surface cleaned and nnned and shall be rivetted with copper rivets (not less
than four 3mm nvets per joint) and soidered.

Non corrosive flux shall be used n all soldered joints.

Alternative approved methods employing chemical welding or high compression joints or clamps are
acceptable.

ANTI CORROSION PROTECTION

Earth conductors iaid in exposed positions outdoors or buried mn ground which 18 chemucally corrosive shall be
painted with two coats of bitumastic paint after nstallation and before covering. Earth conductors run inside
buildings battery rooms etc. shall be pamted with two coats of amit corrosive paint during erection.

FIXING DETAILS

All fixing botis, foundation bolts, screws, saddles, clips, jonting material and any other components required for
fixing and mounting the earthing conductors and for connection of any equipment thereto shall be provided.

FIRE FIGHTING EQUIPMENT

SCOPE

The fire protection shall be provided as follows:

Portable extinguishers © 132KV switchgear room
— 1 x 50 KG dry powder trolley . 33KV switchgear room
mounted extinguishers

2 x 10 KG dry powder wall

mounting extinguishers

Control relay room

!

i x 10 KG dry powder wall ~ Battery room
mounting extinguishers

Water sprinklers :  Transformer yard

PORTABLE FIRE EXTINGUISHERS

All apparatus shall be suitable for operation by one persen and is to be easily recharged. The discharge is to be non
corrosive and free of chemicais prone to give off toxic gases when heated.

The extinguishers shall be manufactured to BS 5423 . 1977.

The scope shall include for the supply and installation of all wall brackets and fittings for small units and the provision
of wheeled trolleys for units which cannot be carried easily.

Operating mstructions shall be clearly printed on each unit.

Four “‘recharge’” units shall be provided for each type and size of equipment.
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10.3 TRANSFORMER FIRE PROTECTION

10.3.1 Water Spray Projector System

The system shall be designed to provide complete protection for the transformer employing quick water spray
projectors, designed to produce extinguishment by forming a complete spray envelope over protected equipment
causing emulsification of the oil and water discharged. The system shall have a designed discharge rate of not less
than 15 litres per sw.m. of protected surface area per minute and shall provide the complete spray coverage for a
minimum pertod of 20 mmutes.

;
The system shall as a mimmum standard comply to the latest edition of NFPA rules (No. 15.1 to 15.51) where
appropriate.

All proprietary items of equipment shall be FOC approved of UL listed.

The system shall be of the dry type {i.e. all parts of the systems down stream from the deluge vatves shall be empty
when ot in use). The water shall be supplied by fire protection pumps 1o the respective deluge valves which shall be
normally held in the.closed position by compressed air or hydraulic pressure in the detection system. Release of the
pressure in the detection system shall cause immediate opening of the valve, starting the pump and flooding of the
system,

The detection pressure shall be releascd by separate detectors suitably positioned within the zone protected.

The detector shall consist of a valve located in the air or hydraulic escape pipeline and locked in the closed position by
a quartzoid bulb or fusible link designed to fail at a predeternuned temperature, thus allowing the valve-to open with
consequent release of the pressure and operation of the deluge valve.

The detection system shall be provided with automatic arrangements such that small pressure losses in the detection
pipping will be automatically compensated for without manual operation of valves. Reliable air ight non-return valve
and orifice plates shall be provided on the upstream side of such switches in order that the arrangements do not retard
the operation of the system. Detector reservoir arrangements shall be designed to keep “‘cut infout’ of the jacking
COmpressor to a minumum.

The pumping arrangement for the system comprise two main pumps, one of which shall be coupled to an electric
motor and the other to a diesel engine.

Each of the pumps shall have characteristics such that they will operate satisfactorily in parallel. Either pump shall be
capable of providing the flow and pressure required at every nozzle in any zone when the whole of that zone is In
operation. The diesel engine shall be independent of mains electric supply for its automatic starting arrangements. The
electnc motor shall be suitable for use with a 415 V, 3 phase 50Hz supply.

Water in the supply main (upto the deluge valves) shall be kept under pressure by a small capacity jacking pump
which shall only be capable of dealing with leakage from the system. When the detuge valve operates, the jacking
pump will be unable to maintain the pressure and the consequent drop in pressure shall activate two separate pressure
switches which will start the main fire pumps sumultaneously.

I is intended that the substations will normally be unattended. The protection system must therefore be designed in
such a manner that it may be left without attention for long periods, yet remain reliable in all respects and without
possibility of false actuation due to pressure losses. Cue allowance shall be made during design for possible vibration

of equipment protected. In addition to automatic topping up arrangements described above, the system shall be
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10.3.2

10.3.3

provided with full indication facilities. Automatic cutout arrangements shall be provided for main fire pumps, such
that they shall be stopped when water supply becomes exhausted.

A twin fire services department mlet to BS 336 shall be incorporated into the system and shall be enclosed within a
glass fronted box to the satisfaction of the relevant fire authority. Flow requirements of the system may make 1t
desirable that two twin inlets be provided.

In addition to electrical alarms, local hydraulic aiarm bells suitably indicated, shall be provided for each zone.

The system shall be suitably undercoated and painted after compietion of the erection; water system n red, air
systerns tn white and indication winng conduits i black.
Alarm and Indication

The system shall as stated above, be provided with full indication facilities. Indicator paneis and wiring between
systems and panels, which shall be run in conduits shall be included in the supply. Alarm and indication panels shall
be nstalled in the substation control room.

Water spray projector system {(each zone).

The following mdications shall be incorporated into the indicator panel which shall be both audible and visual;

a) Fire
To be operated by a pressure switch inserted into the detection pipework to react to ioss of air pressure/
hiydraulic pressure.

b) Deluge Valve Open
To be operated by a pressure swilch inserted into the projector pipework immediately downstream of the
deluge valve, sel to react to a positive pressure.

c) Low Detection Pressure
To be operated by a pressure switch inserted into the detection pipework. This switch also mitiate automatic
cut mfout of the compressor.

d) Deluge Vaive Incorrectly Set
To be operated by limit switches with contacts arranged to close down when isolating valves are not fully
open, or drain or test vaives are not fully closed.

) Reservoir Water Level Low
To be operated by level swilches, with contacts arranged to initiate alarm when tne water level reaches below
the normal level.

Drawings and Information Required for Approval

a) Approximate layout of the transformer showing position and target pomnt for each detector and spray projector
nozzle.

b) Diagram of pipework and pumps for the complete water spray system.
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1.1

11.2

11.3

11.4

c) Illustrated literature giving details of all proprietary tems of equipment including detectors etc.
d) Electrical schematic diagram.

LIGHTING AND SMALL POWER SYSTEM

GENERAL

The completed installation shall comply with OES 4. All materials shall comply with this Standard and shall be
suitable for the climatic conditions at site.

All lamp fittings, plugs, sockets, circuit breakers and general accessories of the same size and types shall be similar
and interchangeable throughout the nstallation.

All supports, connections, accessories and other items necessary for the satisfactory completion of the mstallation
shall be provided.

ELECTRICITY SUPPLY

The 415/240V auxiliary supplies shall be obtained from the LV side of the 33/0.415 KV earthing transformers. The
LV supplies shall be 415/240V 3 phase 4 wire 50Hz systems with the neutrals solidly earthed.

DESCRIPTION OF INSTALLATION

AC supplies for lighting small power, air conditioning units etc. shall be supplied from a main distribution board
located in the control room.

The main distribution board shall be of the single busbar air insulated metal clad type incorporating air break
manually operated switch fuse units for incoming circuits from each of the 33/0.415 KV transformers. The main
distribution board shall incorporate a bus section isolator and this shall be interlocked with the incoming switch fuse
umits to ensure that 1t 1s not possible to parallel the two incoming 415V supplies.

A separate sub distribution board shall be provided for essential services e.g. battery charger, €mergency lighting,
power line carrier, auxiliaries etc. The essential services sub distribution board shall include an automatic changeover

contactor for selection of the incoming supply from the main distribution board.

A no volt relay shall be fitted to include a *‘LVAC supply fail’” alarm when the supply to the sub distribution board is

interrupted for more than 30 seconds.

Under AC failure conditions, the DC emergency lighting shall be automatically switched on.

A volimeter shall be included on each bus section of the main distribution board and on the essential services sub
board. Ammeters shall be provided in each incoming circuit to the main distribution board and to the essenhal
services sub board. Drawing No. New/132/33KV/006 shows the general layout of the AC supplies.

DRAWINGS

Detailed working drawings for the lighting and power installations shall use a code to identify each light fitting and
socket outlet.

The code shall compnse letters and figures to identify the following mnformation:

a) The distribution board to which the fiting or socket outlet 18 connected.
b) Into which section (AC or DC) of the distribution board, the light fitting 15 connected.
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c) The circuit number and phase of a particular section into which the fitting 15 connected.
d) The sequence of the fittng 1 the particular circuit.

115 TYPE OF SWITCH

Switch shall be rated for 5 Amps and shall be provided with an earth terminal.

Type L1

Switches for use m areas designated for surface installation shall be quick-make-quick-break fixed grid
industrial types mounted 1n galvanised malleable iron boxes with protected dolly and arranged where
necessary for multigang switching.

Type L2

Switches for use in areas designated for flush nstallation shall be micro-break types fixed to white plastic
cover and mounted m PVC flush type box.

Type L3

Switches for external use shall be of the surface mounting 5 Amp quick-make-break pattern, industrial type
housed in a cast iron galvamsed weatherproof box, operated by means of a brass crutch handle.

Type L12 and L22

11.6

Identify two way versions of Type Li and L2 respectively.

TYPES OF LIGHT FITTING

Each light fitting shall be manufacturer’s nearest standard type to the type specified.

Lignt fittings for interior and exterior use to be manufactured and tested in accordance with the appropriate code or
standard and together with atl components shall be suitable for service and operation 1n the tropical climate stated.
Each fitting shall be complete with all lamp holders, control gear, internal wiring, fused terminal blocks, earth
terminal and reflectors or diffusers as specified hereinafter. The design of each fitting shall be such that the ingress of
dust, vermin and insects is prevented and where open type fittings are used it should not be possible for insects to
become lodged therein. The control mam_.“moa fluorescent and discharge lamps shall incorporate power factor correction
and interference suppression capacitors and be suitable for use on a 240 volt 50 Hz system. Chokes shall be
manufactured to restrict the third harmonic component to a mnimum.

Internai connections shall comprise stranded conductors not less than 0.75 sq.mm covered with a heat resistant
insutation such as silicone rubber or asbestos compound. All internal wiring shall be adequately cleated to the fitting
chassis with an approved form of cleat. The fimsh of fittings for mterior use shall have a vitreous enamel, natural
aluminivm or gaivamsed finish according to the manufacturer’s standard product. The various types of lighting
fittings which shall be supplied and installed are listed below:

a) Mercury Vapour Lamp

Mercury vapour iamp shall be provided for road lighting and car park. The lamp shall have non-ferrous cast
alloy housing with hinged non-yellowing type bow! complete with optical system to give CIE cut off light
distribution neoprene gasket heat baffles, porcelain lamp holder all suitable for 230 W high pressure power
factor corrected mercury iamp (HPMV).
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b) Tungsten Lamp

Bulkhead type fitting having a body cast from corrosion resistant LM 6 aluminium alloy with light control by
means of a prismatic glass held firmly in position in a hinged glazing ring complete with porcelain type lamp
holder for 240V 100 Watts tungsten lamp shall be provided at entrance and exist of substation building. Fitting
shall be weather proof.

All fittings shall be completely weatherproof and specifically designed to withstand the high temperature
imposed by this particular light source. The casmgs and reflector shall be manufactured from aluminium and
shall be complete with armour glass front, svitably rated HRC fuse and heat resistant cables to a fixed terminal
block.,

c) Fluorescent Lamp
For normal and emergency lighting within the substation building the fittings shall be weather proof,

fluorescent fittings, twin tube light, industrial type with glass diffuser.

The emergency fitings mounted near the escape doors shall have exit sign written both 1n Arabic and
English.

d) Sodium Lamp

For the security lighting weather proof Sodivm Vapour Lamps fittings shall be provided. The fiitings shall be
of cast aluminium housing with control gear and lamp holder and stirrup for mounting. The fitting shall be
suitable for 250 or 400 watt Sodium Vapour Lamps.
©) Lamps
The scope includes the suppty and erection of all lamps and tubes necessary to complete the instaliation.
TYPE OF SOCKET QOUTLET
The varions types of socket and switch fused spur outlets to be supplied and installed shall comply with OES 4.
All sockets and spur outlets shall be mounted at 0.5 meters above floor level and are to have terminals adequate to

receive 2-4 sq.mm conductors, with the exception of those for use with clocks which are to be mounted at 2 meters
above floor level and have terminal capacity for 2-1.5mm2 conductors.

Type 82

To comprise a one gang 2 Amp two pin socket outlet with galvamsed iron base and baseplate suitable for use with
synchronous electric clock. The necessary plug 1s to be provided with each socket.

Type 513

To comprise a one gang metal clad 13 Amp, 3 pin interlocked and shuttered surface mounted switch socket outlet with
galvamsed iron box to the requirements of the appropriate code or standard.
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Type S23

To compnse a one gang metal clad, 13 Amp switched fused spur outlet with fuse manufactured to the appropriate
code ot standard suitable for surface mounting with aluminium box.

Type §100

To comprise a one gang weatherproof galvamised iron ciad 100 Amp, heavy duty, 3 pole, 415V socket outlet with
scrapping earth connection. A screwed dust cap and cable giand shall be mciuded.

LIGHTING AND SOCKET REQUIREMENTS

The lighting installations shall be designed to give the illumination ieveis for the respective areas set out in the
following schedule. The installations shall also meet the limiting glare index requirements as set oul in the approved
code,

This schedule also gives proposals for the types of fittings to be used in each area, type of control to be employed,
number of socket outiets and the type of mounting expected to be suitable for the respective areas.

The word ‘‘remote’’ under the heading Type of Centrol indicates that it is proposed that the lighting fittings be
switched by the contactors controlled from ON/OFF push-button stations or tume switches located at suitable positions

In the area of the lighting circuit.

The word *‘local’” indicates the lighting fittings shall be switched by 5 Amp singie pole switches positioned in the
area to be lighted. ,

The emergency lighting system shall be supplied from the 110 volt battery at the substation,
Emergency lighting shall be arranged to illumnate all exits and entrances,a nd provide some illumination in the
switchgear rooms and 1n the control rooms. DC supplies for emergency lighting shall be obtained from the DC

distribution board via an emergency lighting contactor in the event of failure of AC supplies.

A battery operated, self contained quartz clock.

59



SCHEDULE OF REQUIREMENTS

AREA LIGHTING TYPE OF TYPE OF CLOCK TYPE OF SOCKET
LEVELS FITTINGS MOUNTING CONTROL & OUTLET
SWITCH
LUX INDEX MAIN EMERG
SUBSTATION
Control Reom 400 19 F T C 1 L.1/ocat 2 2/room
Swiich gear Room 100 - F T w - L1/Local $13 4/room
Offices 400 19 F T C - Li/Local 513 4/room
Toilets 100 - F - C - Li/Local $523 lAroom
Stores 200 - F T C - L1/Local S13 4/room
Battery Room 100 - F T C - Ll/fiocal - §$13 2/room
Qutdoor Yard 100 - F T Flood Lights - L1/Local 5100

EXTERNAL AREA

Road Ways 10 - M - 8 pole Remote
Car Park 10 - M - 8 pole Remote
Fence 10 - M Flood light Height to sutt Remote

NOTE : e denotes “CEILING MOUNTING"
' denotes “WALL MOUNTINGS"”
“F denotes ‘FLUORECENT LAMP™
b o denotes “TUNGSTEN FILAMENT LAMP"
M denotes ““HPMW LAMP”

11.9 CONDUIT AND FITTINGS

Conduit and fittings shall conform to OES 4 Clause 3.12.

11.10 INTERIOR AND EXTERIOR INSTALLATIONS

Installations shall be mn accordance with OES 4.

11.11 EARTHING AND BONDING

Earthing and bonding of electricai mstallations m the substation building shall be in accordance with OES 4.

11.12 ERECTION OF LIGHT FITTINGS

Fittings shall be mounted direct i ceiling, walls. Where fittings are to be suspended, rod type suspension units shall
be employed, with ball joints between the rods and ceiling plates.

Final connection to all suspended lighting fittings shall be with the fire resistant flexible silicon rubber cable
terminated n porcelain clad connectors 1n the ceiling or junction box which shall also termunate the main circuit
cable. The cable length shall be such that the rod suspenston supports the full weight of the lighting fittings.

Where fittings are mounted direct on walls or ceilings the mam cable tail may be wired mto the fitting terminal
block. Where terminal blocks do not exist flexible heat resistance cable shall be used to connect to a separate

junction box.
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11.13 DISTRIBUTION BOARDS

a)

b)

<)

d)

Types and Breaking Capacity

Distributton boards and sub distribution boards shall be of the singie busbar air insulated a metai clad type
incorporating air break manually operated switch fuse units or mimature circuit breakers (MCB) or
fuses.

All switchboards shall be smtably rated for a prospective rupturing capacity of 31.5KA at 415 volts.

Busbars

Switchboards and fuseboards shal! each include 3 phase busbars and one neutral busbar of high conductivity
copper supported to withstand all normal and fauit condition stresses.

The neutral busbar shall have a rating not less than that of the¢ associated phase busbars,

Construction

Each switchboard shall be constructed in accordance with OES 4. The switchboards shall be of a type which
are readily extensible and shall be suitable for indoor or outdoor use as specified in a tropical climate.

Cubicie type switchboards shall be suitable for floor mounting with arrangements for bottom entry of cables.
Provision must be included for gland plates so arranged that there can be no access by vermin and insects to
the interior of the switchboard,

Distribution fuse or MCB boards shall be of the metal clad type with protective insulating barners between the
phases and between phase and neutrai. Neutral connections for each circuit shail be made direct to the neutral
busbar n each fuseboard via removable links.

The metai casing of the fuseboards shall be provided with knock out or other approved cable entries for
accommodation of the cable and cable glands, the number and size of such knock outs being such that the fuse
ways can be used m any combination of single phase and 3 phase circuits,

A no voit relay shall be fitted to the essenhial services sub boards to indicate a “LVAC’’ fail alarm when the
supplies to both busbar secttons 1s interrupted for more than 30 seconds.
Switch Fuses

Each switch fuse unit shall be housed in a separate metal compartment and provided with a hinged metai door
interlocked with the switch mechanism so that:

i) The door cannot be opened whilst the switch 1s closed.

ii) The door, on opening, automatically locks the switch 1n the “‘OFF’" position. Facilities shall be
incorporated to allow for the deliberate release of this interiock should for maintenance purpose, 1t be
desired to observe the switch in operation.

An msutating barrier shall be fitted to segregate the fuses and neutral link from the switch and the connections

of the Jater shall be effectively shiclded by an wner screen when the compartment door has been opened to

obtain access to the fuses.
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€)

2)

h)

The switch fuses may be either of the combination fuse switch type or of the type with the switch and fuse in
separate Uunits.

In either case, inter locking shall be provided to prevent access to the fuses until the associated switch is
opened and provision shall be made for pad locking the switch in the “ON* and ““OFF"’ positions.

The switch shall have a quick make and quick trip action independent of the speed at which handle is operated
and shall be entirely suitable for switching the inductive loads associated with motor circuits.

Miniature Circuit Breakers

Circuit breakers shall be of the thermal/magnetic type to BS 3871 or equivalent with quick make and quick trp
free mechanisms which prevent the breaker being held in against overloads or faults.

Tripping arrnagements shall be such as to ensure simultaneous opening of all phases. Arc extinction shall be by
de-iomsing arc chutes.

The dolly shall have three positions, *“ON"’, *‘OFF’" and ‘‘TRIPPED"". To reset from the *“TRIPPED”’
position the dolly shall first pass into the ““OFF’" position.

MCBs on the main switchboard shall have facilities for locking in the ‘‘OFF”” position.

The rupturing capacity of the MCB shall not be less than that of the switchboard itself, or if this is not the case
back up fuses must be included.

Contactors

Contactors for controlling supplies to the ““ESSENTIAL SERVICES' switchboards shall be of the 3 phase
type with neutral links. The contactors shall be provided with electrical closing and hold-on-coils, the no-volt
release bemg provided with a time delay feature adjustable between 0 and 30 seconds.

When in the ““STANDBY SUPPLY’' position, the contactors shall automatically revert to the ‘‘NORMAL
SUPPLY ' position as soon as such supply is restored.

The contactors shall be provided with an indicating lamp coloured amber to indicate when the contactors are im
the standby position, and with o_nm.zw indicated *“NORMAL"’ and *‘STANDBY"' mechanical indications
visible with the distribution board door in the closed position. It shall not be possible for incoming auxiliary
supplies to be paralleled,

Fuses

Fuses shall be of the HRC cartridge type for operation at a prospective fault level of 31.5 KA and conforming
to IEC 269. The mountings of the fuses shall be such that they can be readily withdrawn and replaced whilst
the associated busbars and circuits are alive,

Incomng circuits at switchboards and fuseboards sahll not be provided with fuses, the circuits being protected
in each case at the point of supply. Interconnector circuits with other 415 volt boards shall be provided with
fuses at both boards.

Interlocks

Tn addition to the integral interlocks specified above to prevent access to the fuses until the associated swiich 1s
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11.14

1115

11.16

11.17

open, “*“MAIN DISTRIBUTION"’ switchboards shall be provided with mechanical key type interlocks of the
“CASTELL"’ type in oxler to prevent the two normal incoming supplies being paralleled with mterconnector
circuits from other boards,

The interlocking arrangements shall be as follows:

a) The switches contrelling the normal incoming supplies and the switchboard bus section swiich shall be
mteriocked so.that only two of these three can be ciosed at any one time.

b) The switch controlling the mnterconnectors with other boards shall be interlocked so that 1t can be closed
only with tire bus section switch and/or the switches controlling the normal incoming supplies open and
vice versa, in order to prevent the interconnector being paralleled with either of the normai
supplies.

Earthing

Earthing of metal of switchboard, switch fuse units and distribution boards shall be bonded together and
connected to earth pat for substation building. Earthing connection shall be carried out in bare finished copper

strip with main connections approximateiy 25 x 4mm but atleast 100 sq.mm and subsidiary connections of 2.5
§q.11Hm.

Qil Treatment Qutlet

The ‘‘Main Distribution’” board shall include a suitably rated switch circuit for a three phase and neutral
interlocked plug and socket. The interlock shall prevent withdrawal of the plug with the switch in the “‘ON”’
position.

The socket shall be suitable for an outgoing flexible trailing cable to the oil treatment plant. The plug shall be
provided with a ‘‘SCRAPING EARTH"’ connection to the socket and means for connecting the cable earth
screen/conductor to the piug cap. The socket outlet shall be installed adjacent to each transformer.

SMALL POWER CABLES

The supply and mstallation of cables and wires shall generally be as specified in OES 4.

CABLE TRAYS

Cable trays where required shall be provided and they shall conform to OES 4.

TRUNKING

Trunking where required shall be provided and shall be in accordance with OES 4.

TELEPHONE SOCKET OUTLET

Teiephone socket outlet shall be provided in the following places:

1) Controi Reiay Room

2) Office

3) 33KV Switchgear Room
4) 132KV Switchgear Room
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12.0

121

12.2

12.3

124

AIR CONDITIONING AND VENTILATION

AIR CONDITIONING

Air conditioning of the following areas of substation puilding as per requirement shown below shall be provided:

AREA CONDITION TO BE MAINTAINED
1) Office, Control/Relay 25 plus or minus 1 Deg. C
rooms power line carrier with 55 plus or minus 5%
room, office room relative humidity
2) 33KV Switchgear room 32 Deg. C
3) 132KV Switchgear room 32 Deg. C

Detailed design calculations and plant details to be submitted for approval.

VENTILATION SYSTEMS

The following areas shall be mechanically ventilated to a minimum of 10 air changes per hour:

Toilet
Battery room

Suppty panels shall consist of a sand trap, fresh air intake louvre, filter and fan section.

Air shall be extracted from each of the rooms by wall mounted extract fans discharging to atmsophere. Extract air
volumes shall be 80% of the supply air volumes to maintain a positive pressure in these areas.

Extract ventilation shall be provided in the toilet by surface mounted centrifugal extractors. Each toilet extract unit
shall incorporate two fans arranged for automatic changeover in the event of failure.

INTERNAL NOISE LEVELS

The maximum acceptable noise levels in all areas shall have a noise rating (NR) of 40.

All plant and equipment used in the works when operating at the design conditions stated on the drawings shall not
result in NR ¢nitena 1n excess of those shown above.

Where attenuation devices are added into systems 1o ensure the required room NR levels, the additional resistance to
airflow produced by such devices shall be included as part of the system resistance when evaluating fan
performance.

VIBRATION

All vibration producing equipment shall be isolated from the substation building by means of anti-vibration and noise
isotators. The degree of isolation shall be such that the noise criteria specified above are not exceeded and that no part
of the building structure is subjected to vibration amplitudes 1n excess of the following values.

Frequency (HERTZ) 2 5 10 20 50
Amplitade (MM) 0.2 007 002 0.008 0.002
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12.5

13.0

13.1

13.2

RADIO INTERFERENCE SUPPRESSION

All plant and apparatus, including such items as contactors, starters, relays and the like where the normal operation 1s
such that interruption of low frequency or direct current occur, shall be fitted with means of suppressing all
interference frequencies caused.

The standard of interference suppression shali be in accordance with the current edition of BS 800.

Details of the equipment and methods to be used in quantitive 4ssessment of the leve! of radio interference shall be as
specified in BS 727.

For guidance 1n the stallation of electrical equipment to meet the foregoing standards, reference shall be made to BS
Code of Practice CP 1006 ‘‘General Aspects of Radio Interference Suppression’ which deals with interference
caused by electrical apparatus and installations.

CABLES

GENERAL

All cables shall be suitable 1n all respects for the site conditions specified in OES 11.

The voitage and other basic charactenistics of the systems to which the cables will be connected shall be as specified in
OES 4.

Cables shall be suitable for operation at the guaranteed maximum sustamed current ratings under the worst climatic
conditions to be expected at the site,

Cables shall be capable of withstanding for a period of 3 seconds the maximum fault currents specified in OES
11.

For the purpose of calculating cable current ratings, the ground temperature at 1 metre depth of cover shall be taken as
35 Deg. C and the average thermal resistivity of the soil as 1.50 Deg. C m/w. The average maximum ambient air
temperature shall be taken as 50 Deg. C.

CABLE SIZE

Size of cables shall be as follows:

a) 132KV feeder circuits to switchgear — 1C x 2000 sqmm/phase XI.PE copper conductor.

b) 132KV switchgear to 132/33KV 125 MVA transformer -- 1C x 630 sqmm/phase XLPE copper conductor.

c) 33KV XLPE cable between 125MVA transformer and 33KV switchbaord — 2 Nos. X 1C X 630 sqmm/phase
copper conductor,

d) 33KV cables between 125MVA transformers and appropnate earthing transformers — 1 x 185mm2/phase
copper conductor XLPE insulated.

e) 1000V cables between auxiliary earthing transformer and main distribution voard — 4C x 300sq.mm XLPE
copper.
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f) 1000V cables between main distribution board and sub-board for essential services — 4¢ x 70mm?2 XLPE/
PVC/SWA/PVC copper.

13.3 TYPE APPROVAL

134

13.5

13.6

Cables and accessories for voltages of 33KV and above shall have sansfactorily passed type approval test equal to
those required by the International Electro Techmcal Commission and details of the cable designs shall be given,

OUTER COVERINGS

Unless otherwise specified, the cable outer coverings shall be provided in the form of an extruded contmuous black
PVC sheath which shall be type Table I of BS 6746. As a protection against termite attack, the outer coverngs shall
contain an evely dispersed mixture of aldrin ana dieldrin m the ratio of 0.25% aldirn and 0.25% dieldrin by weight of
PVC, or other suitable deterrent.

The PVC outer coverings for cables designed for voltages of 33KV and above must have been subjected to abrasion,
penetration and saline bath tests during the type approval programme of tests.

CABLE DRUMS

Cable drums shall be non-returnable and shall be made of timber, pressure impregnated against fungal and insect
attack. Alternatively, cable drums may be made of steel suitably protected against corrosion. They shall be lagged
with closely fitting battens m accordance with BS 1559.

Each cable drum shall bear a distinguishing number on the outside of one flange. Particulars of the cable 1.¢. voltage,
conductor size, number of cores, type, length, gross and net weights shall also be clearly shown on one flange. The
direction of rolling shall be indicated by an arrow on both flanges. Cable ends shall be sealed at the ends by approved
means at the factory after testing.

JOINTING ACCESSORIES

Cables shall be installed in maximum possible lengths and straight through jointing between shorter lengths, will not
be permitted without the prior approval.

Jointing accessories shall include all necessary internal and external fittings, insulating materials and sundries, metal
glands, armour clamps, earth bonding, terminals.

Mecharucal glands for the termination of elastometnic or thermoplastic insulated cables mto straight through joints
and termination accessories shall meet the requirements of BS 6121 or equivalent IEC standard and shall be correctly
designed for the termunation of galvamsed steel wire or alominium armour. The gland shall not only adequately secure
the armour to provide efficient electrical continuity, but shall also provide a water tight seal between the over sheath
and the inner extruded or taped bedding to prevent the ingress of moisture. Glands shall project at least 25 mm above
the gland plate to avoid any condensation flowing into the cable crutch. All glands shall be fitted with a substanual
earth bond terminal.

Sealing end porcetains shall be free from defects and thoroughly vitrified so that the glaze 1s not depended upon for

insulation. The glaze shall be smooth and hard, completely cover all exposed parts of the porcelain and for outdoor
types shall be a uniform shade of brown.
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13.7

13.8

13.9

Porcelain must not engage directly with hard metals and where necessary, gaskets shall be iterposed between the
porcelamn and the fittings. All porcelain clamping surfaces in contact with gaskets shall be accuratety ground and free
from giaze.

QOutdoor sealing ends and fittigs shall be unaffected by atmospheric conditions, proximity to the coast, fumes, ozone,
acids, alkalis, dust or rapid changes of air temperature between 15 Dec.C and 65 Dec.C under working conditions

All outdoor type sealing ends shall be provided with adjustable arcing homns.

A brass device shall be provided at the base of each sealing end to enable the insulator to be short circmted when
required for testing purposes. Sealing end supporting structures shall be constructed of galvamsed steel and their
design shall be approved.

CABLE JOINTING INSTRUCTIONS

Copies of the instructions for the jointing of each type of cable terminating and jointing accessories shall be submutted
for approval before any work 1s commenced at site. Further copies of the instructions shall be bound into the

Operating and Mamntenance Instructions to be supplied at the completion of the contract.

SCHEMATICS AND ROUTING DIAGRAM

The Contractor shall be required to prepare a comprehensive power and multicore cable schematic and routing
diagram, indicating the positions of joints, earthing equipment and terminations of all cables for approval.

132 & 33KV SINGLE CORE XLPE CABLES

a) General
The 132KV and 33KV cables shall be constructed in accordance with and conform to IEC Publication 502-1
subject to specific requirements detailed beiow.

b) Conductor

Cable conductors shall comprnise stranded bare ctean smooth annealed copper wires having a conductivity not
less than 100% international standard. The surface of the individual strands shall be smooth and clean before
applying msulation. The conductor shall compiy with BS 6791 or IEC Publication 228.

c) Conductor Shield

The stranded conductor shall be shielded with an extruded semi-conducting layer before insulation is
applied.
d) Insulation

The insulation shall be cross linked polyethylene meeting the following basic requirements:

- Normal operating temperature 90 Deg. C
— Permutted over load temperature 130 Deg. C
— Short circuit temperature 250 Deg. C
— Chemical resistance High
— Mousture resistance High
— Thermal resistivity Low
— Fire resistance Good
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e)

g)

h)

k)

— Minimum average nsulation thickness for 132KV cable 18mm
-~ Minmmum average insulation thickness for 33KV cable Omm

The msulation thickness and dielectric strength shall be adequate and suitable in all respects for the highest
system voltage of 145KV and 36KV continuously, the 132KV system neutrai being solidly earthed, 33KV
system neutral being earthed through 12.5 Ohm resistance via earthing transformer.

Insulation Shield

Individual core nsulation shall be shiclded by a layer of semi-conducting matenal applied directly over the

insulation.

Metallic Layer

The semi-conducting insulation shield shall be covered by a bare copper shielding tape applied with a lap. The
shielding tape shall be further supplemented by high conductivity copper wires it accordance with BS 6260 or
IEC Publication 228 to meet the earth fauit current specified.

Sheath

Sheath shall be extruded PVC complying with BS 6746 Table 1 Type 9.

Bedding

Over the sheath shall be applied a bedding fabnc tape.

Armour

Armouring shall consist of single layer of alumimum strips applied over the bedding.
Overall Serving

The overall serving shall consist of extruded PVC over the armour. The serving material to be Type 9 Table 1
of BSS 6746.

Cable size. manufacturer’s name, nominal voltage and the words Electric Cable shall be embossed on the PVC
serving as per BS 6346, The PVC shall be fire retardant and termite resistance. Also, should be embossed on
the PVC serving:

“PROPERTY OF MEW, OMAN"’

Jointing Accessories

Jointing accessories for stranded copper conductor cables shail be designed for indentation or compression
ferrules.

13.10 PVC INSULATED POWER AND CONTROL CABLES

a)

General

This specification 1s for (A), single core and multicore power cables with conductors of stranded copper wires,
and (B) control cables with stranded copper conductors.

All cables shall be PVC insulated, PVC sheathed, galvanised steel wire armoured or aluminium armoured, and
PVC sheathed overall. The PVC shall be Type 5 Table 1 of BS 6746,
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b)

)

d)

€)

g)

Design

PVC insulated cable designs shail meet the requirements of the IEC or of BS 6346 — PVC insuiated cables for
electricity supply {steel wire or aluminium armour) upto 16 sq.mm or BS 6004 — PVC insulated cables (non
armoured) for electric power and lighting.

Conductors

i) Except where olherwise specified, stranded copper conductors shall be untinned and comply with [EC or
BS 6360. Single strand conductors shall not be permutted.

ii) Conductors for control cables shall be of copper and have a cross sectional area of 2.5 sq.mm made up of
7/0.67 mm strands. Copper conductors shall meet the requirements of IEC or BS 6360. A mimimum of 10%
spare cores shall be availabie generaily on all multicore control cables.

Fillers

Where fillers are necessary to make a circular compact PVC insulated cable, they shall be of PVC. Textile and
other hygroscopic materials are not permitted.

Cores Identification and Laying UP

The cores of all cables shall be identified in accordance, with Clause 7 of BS 6346. Multicore control cables
shall contain one of the following standard numbers of cores:

4,7,12,19,27,37 and 48. When numerals are used, they shall be printed in black on the white core insulation at
intervals not greater than 75mm throughout the length of the core. The print shall be permanent and not easily
removed.

Voitage Identification

a) The PVC outersheath of power cables shall be embossed ““ELECTRIC CABLES" followed by the
voltage in accordance with Clause 14.2 of BS 6346.

b)  The PVC outersheath of control cables shall be embossed with the legend ‘*‘ELECTRIC LV
CONTROL CABLE™’. The tetters shall be raised and constst of upright block characters in accordance
with the requirements of BS 6346.

In addition, all 600/1000V armoured cables shall be further identified by a varnished yellow paper, cellulose
acetate or similar tape, bearing the letter *‘LV’’ at intervals not greater than 100mm, applied immediately over
the wire. The dimensions of the tape and marking shall comply with BS 6346,

Jointing Accessories

a) Jointing accessories for stranded copper conductors shall be designed for compression type conductor

jointing ferrules.

b) The straight through jointing of short lengths of maulticore control cables 1s not permutted.

13.11 TELEPHONE TYPE CABLES

a)

Design

Telephone type multipair cables shall have tinned copper conductors insulated with PVC, armoured and shall
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b)

c)

d)

e)

)

h)

be sheathed overall with PVC. They shall be suitable for internal and external use in a tropical climate five pair
cables shall be used.

Conductor

Fach conductor shall consist of a single tinned annealed copper wire, to BS 6360/1969 or IEC Standard 228
and shall have a nominal diameter of 0.9mm. The DC resistance per km of each conductor in the finished cable
at 20 Deg. C shall not exceed 29.67 Ohms.

Insulation

The conductor insutation shall be extruded PVC type 2 in accordance with BS 6746/1976 and shall have a
radial thickness of 0.30mm plus or minus 0.1mm. The insulation thickness shall be determned in accordance
with Clause 18 of BS 6346/1969.

Identification of Cores

The cable shall be made with twin twisted pairs. Cores shall be clearly colour identified.

Twining and Laying Up

The insulated conductors shall be uniformly twisted together to form a pair and the requisite number of pairs
laid up to form a compact and symmetrical cable.

Fillers

Fillers are not required.

Binders

A polyethylene terephthalate (PTP) tape having a thickness of not less than 0.013mm shall be applied over the
laid up cores with a 50% overlap.

Bedding and Armour

Cables shall be provided with an armour bedding of extruded black PVC, Type TMI or 6 compound in
accordance with BS 6746/1976. The armour shall consist of one layer of galvanised steel wires complying with
requirements of BS 1442. The thickness of the bedding shall be 1.0mm and the wire diameter 0.9mm,

Oversheath

The outer protective covering of the cables shall consist of an extruded PVC sheath in accordance with Clause
4.11.4 The PVC compound shall be Type TMI and coloured black in accordance with BS 6746/1976. The
sheath radial thickness shall be 1.4mm and shall be determmed i accordance with Clause 19 of BS 6346/
1969,

Edentification of Manufacturer

The PVC oversheath shall be embossed with the name of the manufacturer and year of manufacture followed
by:

ELECTRIC CABLE - 100V

Embossing shall comply with Clause 14.2 of BS 6346/1969.
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k)

b

Cable Lengths

The cables shall be supplied in drum lengths of not less than 50m uniess shorter lengths are specified or are
required to complete a specific item of work.

Jointing and Terminating Accessories

Straight through jointing accessories for telephone type cables shall be designed for the accommedation of

soldered or cnimpted ferrales,

All jointing and terminating accessory designs for use with telephone type cables shall be submitted to the
engineer for written approval before use.

13.12 CABLE INSTALLATION AND EARTHING

13.13

General

This section covers the installation of all cables described in the specification together with the erection of their
Jointing and terminating accessories. It also include the bonding and earthing multicore and singie core cables.

All cables laid inside substation boundary wall shall be m concrete trenches in trays with suitable earthed removabie
covers. Concrete trenches with trays and removable covers shall be provided within the substation boundary for future

33KV outgomg feeders.

ERECTION ON STEEL WORK

a)

b)

Supports and Racks

shall be of hot dip galvamsed steel.

Cable support and rack designs shall be submitted for approval before manufacture and erection. Ten percent
(10%) spare space are to be provided on cable racks to allow the installation of future cables.

Multicore cable shall be clamped to the racks with smooth finish split packing pieces or cieats with bores of the
correct size for the cable diameters.

The cieats shall be of silicon alumimium, glass filled nylon or other tough non-hygroscopic matenal. Single

core cables shall be erected in close trefoil 3 pahse groups n separate non-magnetic ciamps.

All cable supports, racks, cleats, trays and sunshields together with all necessary steel work and fixing
materials shall be provided and erected.

Erection of Supports

Rawl bolts shall normally be used for the fixing of supports and associated steel work to masonry,
The fixing of cable supports and associated steel work to building structural steel work, 15 to be carned out
with boited clamps. Weld gun stud fixing will be allowed subject to the approval on site but the drilling of

building structural steel work shall not be allowed.
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c)

d)

Cable Trays

Cable trays shall be of perforated galvanised steel and shall be supported on steel work or masonry as

required.

Erection on Racks

Details of the spacings between supporting clamps proposed by the contractor for cables having a conductor
size greater than 125 sg.mm shall be stated.

The distance between rack supports for smaller power and for wire armoured multicore control cables shall be
one metre for both horizontal and vertical runs.

13.14 PULLING INTO DUCTS AND TROUGHS

a)

b)

Cable Ducts

Cable ducts shall be supplied and installed. They will normally be in the form of asbestos cement or spun
concrete pipes having a nominal nside diameter at least 40mm greater than the cable diameter.

Ducis shall be completely embedded in concrete with a minimum 150mm thickness of concrete surrounding
the ducts on all sides. Ducts shall be sealed at each end, with foam type fillers or by other approved means to
prevent the ingress of water and vermin,

Cable Troughs

Cable troughs shall be supplied and installed where required.

13.15 LAYING DIRECT IN THE GROUND

a)

b)

c)

d)

Excavation of Trenching

Laying of cable direct in the ground shall be done 1n accordance with OES 2. All other cables are to be laid to a
depth 1n accordance with OES 2.

Cable Laying and Protection

Cables shall be laid and protected in accordance with OES 2.

Backfilling

Backfilling shall be done in accordance with OES 2.

Cable Installation Under Roads

Cables installed both along and under roads shall be protected by a concrete raft having a minimum thickness
of 250mm and a width extending a mimmum of 150mm beyond the sides of the cable trench. The concrete raft
shall be of a 6-3-1 or 8-4-1 mix and shall be laid immediately below the metalled surface of the road which
shall then be reinstated.

13.16 CABLE PULLING

Cable pulling shall be carried out 1n accordance with OES 2.
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13.17

13.18

13.19

JOINTING AND TERMINATING

The contractor shall be wholly responsible for the terminating mto sealing ends or end boxes and the jointing of all
cables erected. Cable sealing and jointing shall be 1n accordance with the best current practice and of first ciass
workmanship.

Where cable screens are used as earth continuity conductors, glands shall have the necessary contact surface and
ponding clamps 1o provide a low resistance path under fault conditions,

It 3s required that the PVC outer covering shall be subjected to periodic HV DC integrity tests. Joints and sealing end
boxes shall be efficiently insulated and testing facilities shall be installed with the jointing accessories in an approved
manner.

Where cables terminate into marshatling boxes, gianding off and termination shall be carried out. Straight through
Joints will not be permitted.

CABLE IDENTIFICATION

a) Core

The markers and identifying ferruies shall be provided.

b) Cable Route Markers

Where cables are buried-in the ground, cable route markers shall be provided to indicate the tocation of the
cables. All route markers shall be made of reinforced concrete or of other matenals approved for the climatic
conditions. Suitable matenais for therr manufacture or alternatively, the completely manufactured article

“should be assumed to be available iocally.

c) Cable Markers

All power, control and telephone type cables shall be provided with identification markers at thewr
terminations, and where the cables are not laid in the ground at points along the route at intervals of not more
than 50 meters apart. Markers shall be made of durable material of an approved type.

i) Core Markers

Cores of solid dielectnic and plastic sutated low voitage multicore control cables shall be identified with
lettered and numbered marking ferrules which shall be made of a permanent material and shall be of an
approved type.

e) Cable Protecttion from Sun

Where cables are installed and exposed to direct solar radiation, sun shields of approved materiai and design
shall be supplied and erected.

BONDING

a) Pilot Cables

The armour of pilot cables with extruded outersheaths shall be bonded together and connected to earth at all
termuinating and jointing accessories. Solid bonding connections shall also be made between adjacent multicore

cables at terminations and jonts.
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14.0

14.1

14.2

14.3

b) Power Cables

All cables having an extruded outer covering shall be installed as an all insulated system.

Single core cable screens may either be solidly bonded or specially bonded (single point bonded or cross
bonded).

Multicore cables shall be solidly bonded at each termination. Details of the proposed bonding system together
with a schematic diagram shall be submitted.

c) Copper Earthing Connectors

Bonding leads shall be of sufficient cross sectional area to carry the maximum imposed short circuit level.
Dimensions shall be submitted.

POWER LINE CARRIER

GENERAL

At present, there is a power line carnier telephone system supplied and installed by Brown Boveri Co Ltd., Baden,
Switzerland in the Ministry’s 132KV system. This includes tele-protection channels for the 132KV lines and
telecontrol for transmitting alarm signals.

The power line carrier system is to be enlarged and extended with such additional equipment as necessary to embrace
the new substation in respect of both telephone, Tele-Protection and telecontrol channels.

Duplex carrier communication circuits equipped with transmit/receive high frequency units of the single side band
amplitude modulated type shall be provided. The equipment ‘'shall be completely compatible with existing Brown
Boveri equipment.

CARRIER FREQUENCY ALLOCATION

The design shall include where appropriate, frequency allocation plan to include all the 132KV circuits shown as
future in addition to circuits to be connected to the new substations.

All cartier frequency plans shall be agreed with the governing radio frequency licensing authority to ensure non
interference with Air Traffic Control, Navigation Beacons etc.

HV LINE COUPLING
a) General

The high voltage transmission system 1s a three phase 50Hz systemn operating at a nominal 132KV voitage. The
system’s highest voltages are 10% in excess of the nominal voltage. The system 1s designed for impulse
withstand levels of not less than 650 KVp.

b) Method of Coupling

Coupling of the carrer signals to the transmission line shall be intercircuit between phase of one circuit to
phase of the other circuit,

All line traps and mountings, coupling filter, conductor clamps, HF connections, matching transformers,
coupling capacttors and mounting pedestals, high frequency cables and glands required to complete the HF
mstallation at each site shall be provided.
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)

d)

The drainage coils comply with IEC Publication 60. Coupling capacitors and coupling filters together with
mounting framework and brackets shall be mounted on separate structures as shown in Drawing No. 132KV/
125MVA/1. Line traps shall be mounted on coupling capacitors.

The capacitor shall have a rated capacitance of not less than 5000 pF at the working voltage of 132KV and an
impulse withstand voltage of 650KVp and meet the 1nsulation and test voltage requirements of IEC
recommendation for such devices (IEC Publication 358 ~ coupling capacitors and capacitor dividers).

Line Traps

The line traps shall have a rated continuous current of not less than 1600 amps and shall be capable of
withstanding 31.5KA fer a penod of 3 seconds. The preferred value of coil inductance shall be 0.2 milli
henries although other values will be considered. The line traps shall have a protective device which utilises
nonlinear resister type arrestors (IEC C99-1) and the discharge current shall be iess than 10KA.

Line traps shall meet the tests recommended in [EC Publication 353 line traps, with regard to temperature rise,
short tume current ratings, protective discharge etc. and also the blocking capabilities of the line trap.

All line traps shall be provided with clearly visible rating ptates which shall include: manufacturer’s name,
type, serial number, rated continuous current, rated short circuit current and blocking band etc.

Line trap nounting and connecting details shalt be furnished.

Coupling Units

The high frequency coupling units together with mounting bracket shall be surtable for mounting on individual
structures as shown mn Drawing No. 132KV/125MVA/1. The filters shall be suitable for outdoor use in a hot
dusty climate and shall have weatherproof door seals together with breather hofes to avoid condensation,

The units shall have an earthing switch which should preferably be interlocked with the box door/lid such that
the latter cannot be opened unless the earth switch 1s closed to earth the device. Clear indication of the ON/

OFF position of this switch shall be indicated. The terminal on the filter which shall be connected directly to
the substation earth shall be clearly designated.

The mtercircuit coupling shail be such as to earth either to the coupling filters and continue with carrier
transmassions on a phase to earth basis using the other filter.

The coupling device shall meet 1 full the safety and protection requirements of the IEC recommendations for
such devices (IEC Publication 481 — coupling devices for power line carner systems).
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The turung range of the coupling unit(s) shall be suitable for the HF carrier frequency allocations proposed and
the composite loss over each range shall not be greater than 2db. The line side and equipment side return losses
shail be preferably less than 12db over the available band width of the filter. The line side impedance of the
device shall be suitable for the range 200-400 ohms for phase to earth coupling whilst the nominal equipment
side impedance shall be 75 ohms (unbalanced) or 150 ohms (balanced). The device shall be fitted with a rating
plate which shall include manufacturer’s name, type, serial number, peak power, bandwidth etc.

High Frequency Cable

High frequency cable suitable for connecting between the coupling filters and the indoor high frequency umis
shall be provided. The cable shali have a characteristic impedance of 75 ohms or 150 ohms depending upon the
impedance of the coupling filters and the indoor equipment. The cable shali be PVC covered, steel wire
armoured with a further outer sheath of PVC. Cross section of the cable showng the construction and make-up
shall be furnished together with electrical characteristics and test voitage.

144 POWER LINE CARRIER HIGH FREQUENCY UNITS

a)

b)

General

The type of equipment provided shall be of the single side band type constructed on modular basis with
modules plugging into shetves. The equipment shall be composed completely of solid state devices — no
thermionic devices shall be permatted.

The design and performance requirements to be met by the power line carner shall include the transmission of
any combination of the following types of information:

a) Speech for telephone communication

b) Telephone signalling

c) Coded signals for supervisory/indicauons/telemetering

d) Tele-Protection

e) Teleprinter signalling

Thesequipment shall be suitable to operate at all times within the temperatures specified in OES 11.
Manufacturers shall state what precautions have been taken if the air conditioning fails and the equipment 1s
subject to the environmental conditions specified in OES 11.

Technical Details

The equipment shall be of the single side band type with suppressed or reduced carrier transmisstion and each
channel shall have a 4 KHz bandwidth. The sidebands for a duplex link may be adjacent, inverted or erect; the
methods of transmission shall be mainty stated. Any limitations in paralleling their own or other

manufacturer's equipment shall be stated with details of necessary frequency spacing.

Each 4 KHz band shall be capable of carrying varying amounts of communication traffic and should preferably
be split as follows:

Speech 300-2400 Hz
VFT Channels 2400-4000 He
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c)

d)

€)

AGC To be furmshed
Telephone signalling To be furmshed

A VF allocation plan showing the available channets 1n line with CCITT recommendations.

The virtual carrier frequency difference, m a pair of terminals, between the VF signai applied to the transmit
end and that received at the receive end shall not exceed 2 Hz.

The nominal carner frequency output power of the PLC terminal with 100% modulation shall be 10/15W and
shall be measured at the line.

The nominal impedance at the carrier frequency output shall be 75 ohms (unbalanced) or 150 ohms (balanced)
and provision shall be made for terminating the output in an appropriate dummy load. The return loss within
the nominal carrier frequency band in the transmit direction shall be less than 10 db.

The maximum line attenuation possible to achieve a signai to noise ratio at all times greater than 26 db should
normally be 35 db or higher.

Telephone Channels

The two way telephone channels shail be sustable for 4 wire working at transit stations as determined by the
requirements of the telephone scheme.

However, circuits terminating at a station shall be suitable for connection to a 2 wire telephone exchange and
2/4 wire switching shall, therefore, be available as standard facility.

The preferred method of telephone signalling shall be to utilise the same VF signalling channel as the AGC in
order to conserve above speech bandwidth.

The relative four wire levels used for speech transmission and reception shall be stated.

All speech and VF signal input and output circuits shall be balanced and have a nominal impedance of 600
ohms. The return ioss within the effectively transmitted frequency bands shall be not less than 14 db.

Telephone facilities shall be provided between bays at each end of a link using a hand set together with an
audible form of calling and also a lamp.

Telephone channets shall not require the use of companders although it should be possible to add these in the
future should there be a service requirement.

VFT Channels

The input and output signal levels for the VF channels detailing the method and percentage of modutation
under normal working together with a staterment regarding the addition of VF channels in the future, shall be
furnished.

Receivers

The method of automatic gain control proposed shall ensure that in the case of a 30 db change n carrier
frequency signal levei within the regulation range, the change i voice frequency receive levels of both speech
and VF signals shall be iess than i db. A receive level low alarm shall be given some 6 db above a recerver fail
alarm when the system has failed completely.
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h}

Service Conditions

The set noise generated within the termnals shall comply with IEC recommendations (Publication 495) as
shall the cross talk attenuation between speech and VF signalling channels.

The type of modulation proposed for the speech and VF channels shall be stated.

The level of spurious emission shall be clearly stated in the Schedule of Guarantees together with the
frequency response of the speech channel referred to 800 Hz and VF. Signalling channels referred to 3.0
Hz.

The equipment shall operate to its stated performance with a variation in power supply of -100% to + 15% and
remam operational with an increase of power supply voltage of up to 20% of the nominal value,

Voltage Withstand Requirements

The equipment shall be designed to withstand satisfactorily the following insulation tests:
a) 2KV AC RMS 50 Hz applied for one minute between:

i) All terminals (other than earth terminals) connected together and all metallic parts to be earthed in
service.,
ii) Between the output contact terminals with the contacts closed, and all the remaining terminals
connected together.
iii) Between all electrical circuits of the equipment not mtended to be connected together in service
except where an earthed barrier exists between the circuits or where the circuits have mating
contacts between them.

b) 1KV AC RMS 50 Hz applied for one minute across each output contact with the contact in the open
position. When the carrier frequency terminals are not isolated from earth they shail be capable of
withstanding an impuise voltage of 3KV 1.2/50mS applied between each terminal and earth.

The equipment shall not be subject to interference by the presence of electrical noise generated by
isolator switching operations. The bandwidth of such noise extends from 10 KHz to 1mHz and can peak
to 1200 volts at the coaxial termination, Limiting diodes of the avalanche type should be provided at the
HF cubicle terminals in order to limit this voltage to 400V peak to peak.

Test Facilities

The equipment shall have clearly designated test points on the modules on which adjustments are required
together with test points on modules having nominal reference points. It shall be possible to mount a bay
transmission measuring set or equivalent instrument in the sub rack to which the various test points can be
connected to achieve widebanbd measurements.

The equipment shall also have a variable Jevel 800 Hz oscillator for injection of test tone when commissioning
or mamntenance work is performed on the bay. The minimum requirement for aiarm lamps shall be receive
ievel low, recerver fail and transmitter fail and ““ciean’’ contacts shall be provided to initiate a remote carner
fail alarm.
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Mechanical Details

In addition to the requirements of Section Y of the specification regarding equpment mounting practice the
following conditions shall appiy to the communications equipment.

1} All terminal boards shall be mounted in accessible positions and, when 1n enclosed cubicies, are
preferably to be inclined towards the door. Spacing of adjacent terminal boards shall be not less than
100mm and the bottom of each board shall be not less 200mm above the incoming cable gland
piate.

Termnals, mounting arrangements and method of termination shall be subject to the approval of the
Engineer. .

2) Each item of equipment m a group (i.e. a cubicle in a suite of cubicles) shall be individually fused and
shall provide an alarm indication on loss of supply. One fused outlet from the main distribution bar shall
feed an alarm type fuse panel mounted in the cubicle. This fuse panel shali supply individual items of
equipment.

3) . Itshall be possible to remove/replace cards without damage and without interfering with the operation
of the rest of the equipment or system; if necessary consideration should be given to switching off the
supplies locally to a card to prevent inadvertent interference to the equipment or system when
removing/replacing a card.

4) Application of battery or earth via a test lamp to any external interface point or test point shall not lead
1o any component damage.

5) Power supply busbars i cubicies shall be carefully routed and each busbar shall be shrouded. It shall
not be possible to madvertently short busbars either between themseives or to earth.

6) Electronic equipment shall not use local internal batteries unless the approvai of the Engineer has been
obtained. Where approval is given, batteries used inside equipment shall be of the totally sealed, leak

proof type.

I)] Indication of blown fuses shall be clearly displaced by, for exampie, monitoring of the fuse(s), or by the
use of alarm-bead type. Circuits shall be grouped so that, following the operatton of a protective device,
the mimimum practicable loss of facilities occurs.

The design, location and connections of fuse carriers and bases shall be such that they do not present a
danger to an operator when replacing a fuse link with the equipment still connected to the supply and
switched on.

8) Cubicles shall be complete with ali necessary tag blocks, terminai plates and blocks and cable glanding
facilities for small wiring and multicore cables. These items shall be located in an approved easily
accessible position.

‘The design and construction of all cubicies, junction boxes etc. shall be such that cable terminations are
arranged for either top or bottom cable entry for all cables.

The general design of cubicles shall be subject to approval, but they shall in general be of fabricated
steel construction provided with shelves on which mounting plates can be accommodated. The height of
cubicles or racks shail not, uniess otherwise approved, exceed 2.250 meters in height.
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9)

10

1)

12)

Cubicles shall be free standing and shall permit anchoring to the floor.

The arrangements and method of mounting of all apparatus in the cubicies shall be to the approval of

the Engineer.

All ventilation holes and similar external apertures of enclosed equipment shall, wherever necessary, be
fitted with a close mesh gauze as a protection against the entry of insects.

Hinged doors shall be provided and arranged to lie flat back and not restrict access {0 the apparatus
contained within the cubicle. Hinged doors shall be of the lift-off type unless there is wirng on the
door, and shall be secured with integral handles and shall be flush fitting and sealed with a gasket of
rubber or other approved material to prevent the ingress of dust. Provision shall be made for locking,
with two keys provided for each lock. Cubicles and doors shall be structurally sound and not liable to
distortion.

Where hinged gates are used for mounting equipment, they shall be provided with adequately protected
wiring, of sufficient length and flexibility, to the equpment.

The lowest shelf or mounting plate shall not be less than 250mm from floor level.
Alarm lamps shall be visible externally, with all doors closed.

Equipment provided in duplicate to function as working and standby units shall be arranged in separate
cubicles and separate suites to allow either unit to be set up, powered, and tested independently of the
other unit ot ensure that the equipments are in the working order to ensure the avoidance of commeon

mode failure.

The environmental reqmrements of the Specification shall be taken into account when considering
ventilation arrangements.

Heat dissipation of cubicle mounted equipment shall be kept as low as possible. For equipment which
will be supplied to this Specification, the average dissipation per cubicle shall be stated.

Natural cooling is preferred. The approval of the Engineer must be obtaned in all cases where 1t 15
intended to incorporate forced cooling.

Where the use of forced cooling has been approved, means shall be provided for indicating and
alarming any significant reduction in air flow, and the equipment shall be so protected that no damage
occurs due to failure of the forced cooling.

The full requirements of the performance specification shall be maintained until the protective device
operates, and the period for which the equipment can remain in operation at maxtmum ambient

temperature without forced cooling shall be stated.
The effects on its subsequent performance shall so be stated. Air blown through equipment for cooling
purposes shall first be passed through an efficient dust filter. Multi stage filters, arranged to permit

individuai filters to be removed for cleaning, are preferred.

The shelves which form a sub track shall be swtable for mounting in cubicles which do not require rear
access. The cubicles shall be dust and vermun proof,
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13)

14)

Inside the base of the cubicie there shall be a substanhat earthing bar with studs to which the substation
carth and all internal earthing shall be connected. No reliance shall be placed on the conductivity of
metal to metal joints without the use of special connectors.

Connections between circuit and metal work shall only be made for reasons of safety and/or reduction
of interference. Where such connections are made, they shall not be used as normal current carrying
earth returns.

The cubicies shall be ciearly labelled-as to the bay designations and all alarm lamps and LEDs shall be
clearly iabelled. There shall be at least on external cubicle alarm illumination per internal PLC bay
which will indicate the mnternal fauit conditions when the cubicle doors are closed.

All modules and their shelf location shall be cross reference and it is preferred that coded key slots are
used m the edge connectors in order that modules cannot be plugged mnto the wrong shelf position.

The shelves which form a sub rack shall be suitable for mounting in a cubicle with at ieast two bays in a
cubicle of height not exceeding 2.250m. There shall be good access to all cubicle terminals to which all
externai cubicle cabling shall be connected. There shall be a 1arge gland plate fitted near the base of the
cubicle through which all cables shall be glanaew.

Inside the cubicle there shall be a substantial earthing bar with studs to which the substation earth and
all internal cubicle earthing shall be connected.

All modules shall be identified as to their shelf location and it shalt be preferable to use coded key slots
in the edge connectors 1n order that moduies cannot be plugged into the wrong position. The cubicles
shall be ciearly labelled as to the bay designations and all alarm lamps shall also be clearly labelled.
There shall be at ieast one external cubicle lamp per PLC bay which will indicate internal fault
conditions when the cubicle doors are closed.

14.5 AUTOMATIC TELEPHONE SYSTEM

a)

b)

General

A telephone system shall be provided primarily to operate the HV system 1. for switching and loading
instructions, it will however also be used for maintenance and other purposes. The system shall provide
duplex communications between stations.

HF PAX and Substation Termination Equipment

HF PAX shall be provided at the substation. The pax shall be register controlled exchange of the senm
efectronic type with matrix or cross bar switching equipment and shall provide the following
facilities:

a) 4 wire tandem switching

b) 4 wire long line extensions on pilot cables

¢) Priority breaking and forced release for the distribution control engineer

d) Closed loop numbering plan

At the substation trunk termnation equipment shall be provided for each carrier circuit together with a

subscriber’s telephone termimation panel for the substation control room. The substation control shall be
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14.6

€)

d)

e)

able to break into the conversation of a iransit call in an emergency if no other ciruit is available to the central
control centre and also be able to call the substation control telephone whether or not the hand set 1s off the
cradle rest.

Closed Loop Numbering Scheme

The trunk numbering plan shall have three digit numbers which are the same for a given extension regardless
from where the call is originated in the system. The first two digits shall designate the station and the third digit
the particular subscriber extension within that station.

Telephone Signalling

The design of the telephone signalling system shall be chosen to best suit the future requirements of the central
control scheme having regard to the most economic use of the frequency spectrum available for speech and
telesignalling.

PAX Assembly and Mechanical Construction

The PAX (shall be of modular construction) and shall be housed in a well constructed dust proof cabinet. All
equipment, apart from the switches and subscriber line relays shall be mounted on printed circuit cards which
shall be plugged into shelves. The logic elements shall be largely built of integrated circuits with discreet com-
ponents to interface between the relays and the integrated circuits.

Telephone Instruments
Telephone instruments equipped with cabling facilities push buttons at least one equipment with intrude and

breaking.

Main distribution frames (MDF’s) shall be provided with each PAX. These MDF's shall be housed in the PAX
cubicle. Sufficient cubicies shall be provided initially to accommodate the ultimate number of lines.

The provision and termination of the interconnecting cables between the exchange and the MDF shall be in-
cluded and also the termination of cabling external to the MDF which may be provided at a later date. External
telephone extension shall be provided with fuses and protectors.

TECHNICAL SPECIFICATION FOR THE TELECONTROL EQUIPMENT

a)

b}

c)

General

Telecontrol equipment shall be provided to transmit alarm signals from substation to the central control
station.

Telecontrol Requirements

Four alarms (urgent, non-urgent and two spares) shall be transmitted from the substation to the central control

station. The signalling shall be by means of frequency shift coded signals over one or more VF channels.

Channel Allocations

The VF allocation required for telecontroi shall be stated.

The equipment shall be mounted on cubicles provided of rigid construction and $hall be dust and vermin proof.
The cubicle door(s) shall be lockable.
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147 TECHNICAL SPECIFICATION FOR TELE-PROTECTION EQUIPMENT

a)

b)

<)

General

Tele-Protection equipment shall be provided for ‘direct’ tripping. The tele-signalling channels for the
teieprotection shall be routed on the PLC equpment.

Teleprotection Equipment Requirements
1) Direct Tripping

The direct tripping equipment is requried to effect the tripping of circuit breakers to disconnect faulted
transformers and other main plant from remote current infeeds, for acceieration of distance protection
scheme and 1o relieve abnormat system loading conditions. This type of teleprotection shall operate the
remote circuit breaker tripping relays directiy and hence shall have inherent security against
maloperations due to noise present mn the bearer channel.

2) Permissive Tripping

The permissive tripping signais are required to operate remote circuit breaker trip relay in connection
with distance protection reiays.

3 Blocking Signalling

The blocking signais are required to prevent remote over reaching distance refays from operating for
faults external to the protected line section to enable correct discrimination to be achieved.

Technical Data

The tele-protection equipment shall be of modular construction and preferably mounted in the power line
carrier units and work satisfactorily under the service conditions detailed in OES 11.

Manufacturers shall clearly state the precautions taken in the design of their receivers to safeguard the trip
output against the presence of noise in the VF channel, and show clearly the differences between the
equipment used for ‘direct’ and ‘permissive’ tripping.

In the case of the ‘direct’ tripping equipment, 1t shail not be possible to cause a trip output under any of the
following conditions:

i) Removal of any printed circuit module 1n either transmitter or receiver of a line including the PLC
bays.

if) Switching ON/OFF of the power supply to the teleprotection equipment.

iii)  Switching ON/OFF of the power line carrier equipment at cither end of the HV line.

)  Shorting of the output of the Teleprotection transmmiter or shorting of the mput to the Teleprotection
receiver.

v) Input signal level to the receiver below the receiver fail alarm thresh-hold.

The “direct tripping’ equipment shall be suitable for use with auto reclose schemes whereby the recerver trip
output shall be maintained long enough to prevent the remote circuit breaker reclosing until the faulted piant is
disconnected from the HV system. Details of how the equipment meets this type of requirement should be
submutted.
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d)

€)

g)

The power supply to the tele-protection shall be taken directly from fused outlets on the distribution board and
be separate from the PLC bay supply. Similarly each tele-protection equipment shall be separately fed from the
48 volts distribution board.

Signalling Conditions

The signalling speed of the channel shall be less than 30 milli seconds from the receipt of a tnp command to
the operation of the trip output at the receiving end, and the equipment shall work completely independently of
the PLC speech and VFT channels used for other purposes. The equipment shall perform on a frequency shift
principle shall perform on a frequency shift principie and shall if super audio channels are employed,
preferably employ a total banawidth of not greater than 480 Hz. Each Tele-Protection channei shall be
compietely mdependent of the other except for the transmission channel. Facilities shall exist such that the
following conditions apply to the alarm and output circuitry.

SIGNALLING OPERATIONAL

GUARD OPERATE FAULTY OUTPUT
ALARM

YES NO NO NO

NO YES NO YES

YES YES YES* NO

NO NO YES* NO

* The alarm output shall not occur for at least two seconds however there shall not be any fieeting operational output prior to the
alarm condition being given,

Alarm Facilities

The alarm output shall persist for a mimmum period of 100 milli seconds and the operational output shall not
be possible until the alarm output condition 1s removed.

A separate low level alarm shall be given but not prevent operation when the input signa! level drops by 6 db
from normal, Manufacturers shall state the level at which the receiver will cease to function in line with the
above table, this level shall be at least 10 db below normal.

Clean contacts shall be provided for remote alarming purposes suitable for operation at 110 volts DC.

Test Facilities

Test facilities shall exist whereby important operating values can be checked and a sustable test/normal switch
arrangement shall be provided to show that the trip output circuitry 1s disconnected and functional tests can be
safely performed on the equipment.

In the case of the direct tripping equipment the test/normal switch shall be fitted with a lock and key and if
more than one eqmipment 1§ located 1n the same cubicle then each equipment shall have a different lock.

Protection Interface

The mnput/output interface to the protection equipment shall be by means of reed relays and the input/output
rack wiring shall be carefully segregated from other shelf/cubicle wiring. The make contacts of the output
relays shall be capable of making and carrying at least 250 VA at 110 V DC. The input reed relay shall be
operated by ‘*clean’” contacts on the HV distance protection.
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14.9

h)

The isolation requirements of the protection interface shall be for 2KV RMS.

Channel Allocations

The VF allocations required for tele-protection channels shall be provided.

Mechanical Details

The equipment shall be mounted cubicies of rigid construction and shall be dust and vermin proof. The
cubicles door(s) shall be lockable.

ALARM FACILITIES FOR INTERNAL FAULTS

Each PLC cubicie requisite number of alarm lamps shall be provided for internal fanit of PL.C equipment such
as Inductic failure, Protection fail etc.

48V BATTERY CHARGER/BATTERY SUPPLIES

a)

b)

General

Two sets of batteries with chargers shall be provided at the substation. The batteries, supplied as two half
batteries shall be of the nickei cadmium alkaline type. Each charger snall normally have separate ‘boost’ and
‘float’ charge units.

The charger equipment shall comply with the requirements of IEC 146 (BS 4417) and shall be self protecting
in the event of overloads. -

Battery Chargers

The 48V batteries shall normally be kept charged by a charger umit compnsing of a float charger and a boost
charger.

The battery shall be supplied in two ‘half” batteries and the charging arrangements such that after an AC mains
failure (or for maintenance purposes) if shall be possible to disconnect the one ‘half’ battery from the load so
that 1t can be boost charged by the boost charger while the float charger supplies the the load with other ‘half’
battery. When the first ‘half” battery 1s fully charged it shall be possible to switch 1t to the float charger feeding
the load while the other half battery 1s connected to the boost conditions no voit contactors shall antomatically
parallel the two half batteries.

FLOAT CHARGING CONDITIONS

The automatic charger shall maintain the battery normally floating so that no discharge occurs under normal
loading and the battery remains fully charged. Chargers shali be designed for single phase or three phase AC
auxiliary supplies with nominal voltages of 240V/415 + 10% 47/53Hz and shall maintain the float charge
automatically urespective of variations mn the voltage of the AC supply within the specified linuts.

The automatic float charger output voltage shall not vary by more than plus or minus 1% of the nominal float

charge value when connected to the load and operating under any combination of the following conditions:

i) Frequency vanation 47 to 53Hz
ii) Rated output AC voltage vanation plus or mnus 6%
iii) Output between 0 and 100% of the rating.
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The output voltage regulator shall be adjustable within approved limits and shall be so designed that special
tools are not required for such adjustment.

The reference voltage point for control of the charger output voitage shall not be obtained from a source
external to the charger.

The output of the charger on float charge shall be equal to the normal battery standing load plus recomimended
finishing charge rate.

When the battery is connected to the charger, the posphometric noise level at the output for loads between 0%
and 100% shall not exceed the equivalent of 2 millivolts at a frequeny of 800Hz after weighting as specified by
OCCITT.

Boost Charging Conditions

The boost charger shall recharge the battery after a heavy discharge. The voltage/current characteristics shall
have a tapering characteristics in order to minimise gassing during the finishing period of a conditioning
charge.

At normal rated input voltage and frequency the boost charger output shall be not less than its specified rating
at any battery voltage within the range of nominal rating pius 20% or such other range as is approved. The
maximum voltage for the boost charger when delivering the recommended finishing charge shall be not less
than 1.7V per cell for nicket or cadmium alkaline batteries.

Indicating Instruments

The following shall be provided:

i) input voltmeter

ii) output voltmeter

iil)  output ammeter

iv)  charge/discharge ammeter

Controls and Alarms

Each charger shall be equipped with a switch fuse for the incoming AC supply and either an off-load isotator or
disconnecting links for the DC output. For the out-station batteries two sets of disconnecting links shall be
fitted to the boost charger; one for each section of the battery. All switchgear and isolators shall comply with
the requirements of BS 5419,

The following alarms shall be provided as minimum; mains faiture, charger fail, high volts, low voits, Clean
changeover contacts shall be provided for external alarms.

Distribution Board
DC distribution panets shall be provided in each charger cubicle for up to 10 outlets. Each main item of
equipment shall have a direct power supply connection. Teed connections will not be permitted.

48V Batteries

The batteries shall be of the high performance nickel cadmium type and shall be designed designed for a life
expectancy of at least 25 years under the conditions of service likely to be encountered by the equipment
detailed in this Specification.
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16.0

16.1

A complete set of test and maintenance accessories suitably boxed shall be provided for each battery. A
syringe hydrometer and a durable instruction card shall be included in each set.

Battery cases shall be of high impact polystyrenes translucent plastic.

Cells shall be numbered consequently and terminal cells marked to indicate polarity.

PERFORMANCE PENALTIES

The following penalties. shall be applied in the event of failure to meet guarantees.

— R.O. 1000/- for each KVA less than the nominal rating at the specified guaranteed temperature nises (applied to
transformers)

Tolerance 1%

R.O. 800/- for each KW 1ron losses exceeding the guaranteed losses (applied to transformers)

R.O. 200/- for each KW copper and other load dependent iosses (applied to transformers)

R.O. 1000/~ for each db exceeding the guaranteed noise level (applied to transformers)

R.0. 2000/~ for 1% current carrying capacity falling short (applied to 132KV busbars, 33KV busbars, 132KV bus
coupler, 33KV bus coupler, 132KV feeders and 33KV feeders.

Tolerance 1%

—R.0. 5000/~ per 132KV switchgear bay for 1% SF6 gas losses exceeding the rated annuai losses.
INSPECTION AND TESTING

PART A -~ MANUFACTURE

GENERAL REQUIREMENTS

The whoie of the plant shall be subject to inspection and test by a designated inspection agency appointed by the
purchaser during manufacture, erection and on completion.

The approval of the resuits of any such mspection or test shall not prejudice the mght of the owner to reject the
plant if it fails to comply with the specification when erected or to give complete satisfaction 1n service. The costs
of all tests En_s&nw the provision of the necessary test equipment whether at the manufacturer’s works or on site
shall be geemed to be included in the price of the plant.

Before any plant 15 packed or despatched, the works all tests called for shall be successfully carmed out. Certificates
of all tests carried out shall be submiited.

Adequate notice shall be given when the plant 1s ready for inspection or test and every facility shall be provided to
enable the inspection agency to carry out the necessary inspections and tests.
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16.2 INSPECTION AND TESTING DURING MANUFACTURE

16.3

16.4

16.5

Every facility shall be provided to enable the inspection agency to carry out the necessary inspection of the
equipment. Costs of all tests during manufacture and preparation of test records shall be included in the price of the

equipment,

Test instruments shall be approved and shall if calibrated by the National Physical Laboratory or such other body as
may be approved.

Breakdown test voltages shall be measured by means of a crest or electro-static volimeters connected to the high
voltage side of the transformer or by an mstrument connected to the low voitage side of the transformer supplying
the test voltage, and calibrated in an approved manner by means of a sphere gap. Electrical tests other than 1mpulse
tests shall be carried out at a frequency of 50Hz.

TESTS AT MANUFACTURER’S WORKS

Works tests shall include all routine electrical, mechanical and hydraulic tests i accordance with the relevant
standards and this specification and in addition any tests called for by the inspection agency to ensure that the plant
being supplied meets the requirements of the specification,

One complete equipment of each type and rating shall be subjected to type tests as specified in the relevant IEC or
BS. In the event of certified copies of type test certificates covering equipment of similar design rating and
construction type tests may be waived. The price of equipment shall include for the carrying out of such type tests
where certificates are not already held.

Should the plant or any portion thereof fail under test to give the required performance, further tests which are
considered necessary shall be carried out.

After satisfactory completion of the witnessed tests at the works, the plant shall be submitted for approval during
dismantling prior to shipping.

No plant shall be despatched to site until release note is 1ssued by wspection agency.

TEST CERTIFICATES

Triplicate sets of all principal test records, test certificates and performance curves shal} be provided for all tests
carried out. The information given on such test certificates and curves shall be sufficient to identify the matenal or
equipment to which the certificate refers.

REJECTION OF PLANT

Any item of plant or component which fails to compty with the requirements of this specification 1n any respect
whatsoever at any stage of manufacture, test, erection or on completion at site may be rejecied m whoie or 1 par.

as considered necessary.
After adjustment or modification the item of equipment shall be submitted for further inspection and/for tests. Plam

or components with defects of such a nature that the requirements of this specification cannot be fuifilled by
adjustment or modifcation shall be replaced at no extra cost.
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16.6

16.7

16.8

16.9

16.10

PART - B : TESTS AT SITE

Before any part of the plant or equipment 1s commissioned for commercial use, 1t shall be subjected to mechanical,
electrical, operational and other tests as requred to prove its compliance with the spécification. All official tests
shall be witnessed by the owner’s site engineer. The resuits of all tests carried out, including any tests carried out
independentiy shall be recorded in writing and four copies handed over within 7 days of the test.

All necessary apparatus, mstruments, equipment and labour to carry out the tests shall be provided the costs of
which shall be included 1n the contract price.

All matenais, plant and equipment which fail to pass the tests due to or arising from faulty design, material or
workmanship, or due to incorrect erection shall be replaced, repaired or adjusted and further tests carried out.

Taking over certificate will be 1ssued onfy when the individual system has been completed, energised and after all
tests and adjustments have been carried out.

.CIVIL WORKS

Soil tests, using approved methods and istruments shall be carried out to determine the ioad bearing qualities of
the soil to ensure that the foundation design is suitable for the building and equipment to be placed thereon.

During the course of the building constructton works, tests on concrete mixes and other materials shall be carried
out in accordance with the specification.

LIGHTING AND SMALL POWER INSTALLATION

The complete mstallation or any part thereof shall be tested, both before and after connection as stipulated in OES
4,

SCHEDULE OF TESTS

GENERAL

The following list gives the minimum requirements:

TRANSFORMERS

The following tests are to be conducted 6n transformers:

Work Tests
1) Summary of Tests

a) Transformers — Routine and Type Tests to IEC 76 Parts 1,2,4 and 5 and BS 171 - 1970 n respect of
dieiectric tests.

b) Voltage Control Equpment - Routine and Type Tests to IEC 214 : 1976,

c)  Magnetic Circuit — Routine Tests.

d) Cables Boxes and Disconnecting Chambers — Routine Tests.

e) Porcelain Insulators — Routine, Sample & Type Tests to IEC : 1973, IEC 233 - 1967 or BS
3297

f) Complete Outdoor Bushing Assembles — Routine Tests including partial discharge measurements for
132KV and higher voltage sample and type tests to IEC 37 - 1973.

8) Tanks — Routine Tests and Type Tests.
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A)

h)
i)
D

Cooling Plant — Routine Tests.
Gas and Oil — Actuated Relays — Routine Tests.
Galvamising — Routine Tests.

ROUTINE AND TYPE TESTS

a)

b)

)

Routine Tests

All transformers shall be subject to the following routine tests:

[a—

Measurement of winding resistance on ail tap positions and phases

g

Ratio, polarity and phase relationship

el

Impedance voltage

&

Load losses
No toad loss and no load current

Induced over voltage withstand including partial discharge measurements to IEC 270 : 1968
Separate source voltage withstand

Insulation resistance

Noise level tests to NEMA Standards Publication TRI . 1962,

© ® N e

Type Tesis

Temperature Rise Test : The test shall be in accordance with IEC 76 Part 2, and shall be carried out
on one transformer of each size and type. Temperature rise tests shall be conducted on the tapping
corresponding to the maximum losses.

Special Tests: Impulse with Voltage Withstand TFests

They shall be made on one on leg of each transformer and shall include the following

requirements:

i. The transformers shall have been subjected to the above routine tests prior to the impulse voltage
withstand tests.

2. Impulse test regulating windings shall be carried out on the tap position at which, according to
recurrent surge generator tests, the maximum stress occurs.

3. When impulse tests are carried out on LV windings by the transferred surge method, oscilloscope
record shall be made of the current flowing to earth from the LV winding.

4, The procedure shall be as required by BS 171: 1970 Clause 35.3, the impulse test <o_Swnw being
applied successively to each line terminal. Negative polarity is to be used throughout the
tests.

5. The sequence of voltage applications shall be:

a) Impuise calibration test at 75% of the specified full wave voltage.
b) One 100% fuli wave voltage application.

c) Two 115% minimum chopped wave voitage application.

d) One 100% full wave application.

€) Repeat of calibration test of 75% of the specified full wave voltage.
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B)

©

D)

E)

Oscillographic records of the applied voitage and neutrai current and/for transferred voitage are to be
taken and inciuded in the records.

Films of the oscillographic records are to be made available to the engineer at the ume of the tests for
his examination.

External flashover of the bushings during the chopped wave tests is not permitted.

6. At the conclusion of the impuise voltage withstand tests, the transformers shall again be subjected
to the routine tests (a-1), (a-5) and (a-8) above,

7. Zero phase sequence impedance measurement. This test shall be carmed out 1 accordance with
IEC 76 or BS 171.

VOLTAGE CONTROL EQUIPMENT

Routine Tests

Each fimished tap changer 1s to be subjected to the routine test specified in IEC 214 : 1976 /BS 4571 but in
addition the mechanical test shall be carnied out at rated voltage and no load.

Type Tests

Shall be carried out entirely in accordance with BS 4571/1EC 214.

MAGNETIC CIRCUIT

Reoutine Tests

Each core completely assembled 1s to be tested for one minute at 2000 volts AC between core bolts, side
plates, structural steel work and core at the core and coils stage.

After the transformer 1s tanked and completed assembled, a further test is to be applied between the core and
the earthed structural steel work to prove that the core 1s earthed through the removable link, at one point
only.

CABLE BOXES AND DISCONNECTING CHAMBERS

Routine Tests

To meet the requrements of subsection.
PORCELAIN INSULATORS

The following tests are to be made on not iess than 2% with a mmmum of two of the porcelam mnsulators of
each type.

a) Temperature cycie test

b) Porostty test
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F)

G)

H)

COMPLETE OUTDOOR BUSHING ASSEMBLIES WITH PORCELAIN INSULATORS

Routine Tests to include:

a) Oil leakage test

b) 50Hz dry withstand test

c) Power factor/voltage test
Type Tests to mchude:
50 Hz wet withstand test

b) Visible discharge test

) Impulse voltage test

d) Flashover under oil test

TANKS

Routine Tests

Oil 1 eakage — all tanks, conservators and oil filled compartments which are subjected 1 service or during

maintenance to oil pressure are to withstand without leakage, a hydraulic pressure test equal to 69 sq. m or

the normal pressure plus 34 Kn/sq.m whichever is the greater, for 24 hours during which time no leakage or oil
ingress mto normally 34 Kn/sq.m oil free spaces shall occur,

Type Tests

Unless type test certificates can be produced for tests carried out on similar equipment, the following tests are

o be inctuded for tanks, conservators and pressure relief devices.

a)

b)

Vacuum Test — the equipment is to withstand of 50cm of mercury when empty of oil. The permanent
deflection of plates or stiffeners on removal of vacuum is not to exceed the following values:

Length of Plates Permanent deflection
Less than 1300mm 3.17 mm
1300 to 2500mm 9.5 mm
Greater than 2500mm 12.7 mm

Pressure Test - the equipment 15 to withstand a pressure corresponding to 69 Kn/sq. m or the normal
pressure plus 34 Kn/sq. m whichever is greater. The permanent deflection of plates or stiffeners on
removal of pressure is not to exceed the value stated m respect of the vacoum test in the preceding
paragraph.,

COOLING PLANT

Routine Tests

a)
b)
c)

d)

Coolers — pressure test to be as specified in section (G) - (b) above.

Oil Pumps, oil pipework and valves — a hydraulic withstand pressure of 138 Kn/m2 for 15 minutes.
Water pumps, water pipework and valves — a hydraulic withstand pressure of 345 Kn/m2 for 15
minutes.

Motor and control gear — to the requirements of Clauses 0.51 and 0.52.
92



I

¥

K)

GAS AND OIL - ACTUATED RELAYS

Routine Tests

a) Oil leakage —~ when subject to an internal oil pressure of 207 Kn/m2 for 15 minutes.
b) Gas collection

c) Qil surge

d) Performance test under service conditions including starting and stopping of oil pumps
e) Voitage — 2KV for one minute between electrical circuuts casing. .
GALVANISING

Reutine Tests -

To the requirements of OES 11.

SITE TESTS

All apparatus, instruments and connections for the tests after the completion of the erection work on Site shall
be provided.
The following tests shall be performed:

a) Insulation resistance tests
b) Insulation resistance test at 500V between core and core ciamping structure

c) Voltage withstand tests on transformer oil to B§148

d) Ratio

€) Phase relationship

f) Magnetisation characteristics of current transformers of winding temperature devices

g) Calibration of winding temperature devices

h) Tap selector and diverter swiich alignment

iy Calibration of automatic voltage control equipment

i) Magnetisation characteristics and polarity tests on current fransformers where provided and installed in
terminal bushings under this contract.

16.11 CABLES

Cables shall be tested as follows:

A)

B)

GENERAL

The cables shall be inspected and tested in accordance with Section 13 of this Specificauon,

HIGH VOLTAGE/PARTIAL DISCHARGE TEST

Each completed cable drum shall be subjected to a combined high voltage/partial discharge test to
measure the permissible discharge. The AC test voltages shall be applied between the conductor and the
core screen which shall be connected to earth. The tests shall be made at room temperature.

Rated Voltage E 132 KV 33KV
Step No 1 2 3 i 2 3
Test Voltage (KV) 100 185 100 26 49 26
Permission .

Discharge (pc) 5 30* 5 10 30* 10

* For cables having extruded outer semi conducting screen.
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)

D)

E)

F)

G)

H)

D

*No breakdown of the insulation shall occur. The permissible break down discharge noise levels shall be less
than 2.5 pc for 132KV cables and 5.0 pe for 33KV cables.

CONDUCTOR RESISTANCE TEST

The DC resistance of the conductor of the completed cable shall be measured and when correcied to 20 Deg. C
shald not exceed the guaranteed values stated in the Schedule of Particulars and Guarantees.

CAPACITANCE TEST

The capacitance of each core of every drum length of completed cable shall be measured at room temperature
and recorded on the test certificate.

INSULATION THICKNESS MEASUREMENT

The measurement of the insulation thickness shall be determined form a representative sample of the cable not
more than 150mm i length taken not less than 300mm from the end of each factory length. Measurements
shall be made by an optical method in which the error of determination does not exceed 0.025 mm.

The measurements shall be made at six approximately equally spaced points round the periphery of the sample
and care shall be taken to ensure that the minimum thickness 18 measured.

The minimum averagé of the measurements shall be not less than the value stated in the Schedule of Particulars
and Guarantees.

VOLTAGE TEST ON OUTER COVERING

Each drum length of compieted cable shall withstand a voltage test for one minute between the metal screen
and the external conducting surface of the extruded PVC oversheath. The DC test voltage shall be equal to 8
KV/mm thickness of covering with a maximum of 25 KV or, alternatively, ine AC test voltage shall be 4 KV/
rms per mm thickness with a maximum of 12.5KV. The minimum average thickness of oversheath specified
shall be used for calculating the test voltage.

If the cable outersheath is not provided with a packed on graphite coating, the cable drum length shall be
completely immersed in water for the execution of this test.

MEASUREMENT OF EXTRUDED BEDDING & OVERSHEATH THICKNESS

The thickness of the bedding and oversheath shall be measured on a representative sample taken from the
cable, not less than 150mm from the end of a manufacturing length, by a method 1n which the error or
determination does not exceed 0.025mm (e.g. by use of a micro meter or an optical device).

CAPACITANCE TEST

The electrostatic capacitance of each cable core shall be accurately measured and the results, converted to
microfarads per 1000 meters shall be recorded on Test Certificate.

INSULATION RESISTANCE TEST

The 1nsulation resistance of EPR insulated cable only, heated to the rated maximum temperature for the
installation shall be made between each conductor and its core screen and earth at room temperature. The DC
test voltage shall be any constant value between 3000 volts and 500 volts and shall be applied for a sufficient
time, of not less than a minute to reach a steady measurement.
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K)

L}

M)

PARTIAL DISCHARGE TEST

All components of the test equaipment shall have a sufficiently low noise level in order to achieve the required
sensiivity.

The aiternating test voltage, at any frequency between 49Hz and 61Hz shall be raised sufficiently to result in
ciear indications of detection circuit response to partial discharge within the cable sample under test, except
that, if the existence of discharges 15 not evident after the voltage has been raised to a value of 20% 1n excess of
the required partial discharge extinction voltage, L.e. 12% of 1,25 times working voltage to the cable shall be
considered to have satisified this test.

The partiai discharge extinction voltage level shall not be tower than 1.25 Eo for approval when measured as
stated m IEC Standard 540. The actuai value for each core shall be recorded on the sample test certificate.

BENDING TEST

After the electrical tests specified above the cable shall undergo at ambient temperature, which shall normally
be higher than 4 Deg. C a bending test round a test cylinder. The diameter of the cylinder shall be not greater
tiran 18D for single core cable and 16D for three core cables where D = Outer diameter of cable.

Each bending cycle shall consist of winding the cable onto the test drum unwinding, rewinding onto the test
drum in the reverse direction and unwinding. The cable shall be bent along the same axis in each case and the
full cycie shall be compieted three times.

VOLTAGE TEST

After completion of the bending test the cable shall be subjected to an AC voitage test of 3.5 Eo at a frequency
of 49-61Hz between the conductor and the core screen which shall be connected to earth for a period of one

hour.

The voitage shall then be decreased gradually to 2.5 Eo and kept at that value for one minute. The permissible
discharge shall be measured and shall not be greater than 30 pc.

The discharge extinction voltage shall then be measured using an applied AC voitage at any frequency between
49 and 61Hz and the results shall be stated on the sample test certificate,

ROUTINE TESTS ON SITE

1) Conductor Resistance Test

When the installation of cables and associated jointing accessories has been completed, the DC
resistance of each conductor shall be measured and recorded and when corrected to 20 Deg. C, shall not-

exceed the guaranteed value given in the Schedule of Particulars and Guarantees.

2) High Voltage Test

After the conductor resistance test, each cable shall be subjected to a DC voltage of 2E (where E is the
rated voitage) applied for a period of 15 munutes between the conductor and the core screens which
shali be connected to earth. The test voltage shall be raised gradually to the specified value at which
point the test period shall begin. There shall be no breakdown of the electrical mnsulation.
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3) Voltage Test On Outer Covering

The outersheath of each cable length shall be tested after laying but prior to jointing and backfilling
above concrete slabs. The DC voltage shall be equal to 4KV for each mm of thickness of oversheath

with a maximum of 10KV,

After completion of the installation, all insulating provisions, including external joint insulation,
terminal base msulation, bonding leads etc. shall withstand a high voltage DC test equal 1o 2KV for
each mm thickness of oversheath with a maximum of SKV DC. The test voltages shall be calculated on
the minymum averge thickness stated in the Schedule of Particulars and Guarantees. The duration of the
tests shall be one minute and the leakage current recorded for each cable.

This test shail be repeated every six months during the mamntenance period.

16.12 POWER LINE CARRIER AND ASSOCIATED EQUIPMENT

The power line carrier, Tele-Protection, automatic telephone exchange and other equipment shall be tested as

follows:

A)

B)

GENERAL

The inspection and testing of the equipment specified shall comply with the general requirements
specified.

BARRIER ISOLATION TESTS

1) General

The folflowing ‘“barrier 1solation’” tests shall be carried out on power supplies and connections to/from
HV plant:

— Damage Tests: no permanent damage to the equipment shall be observed. For convemence, except
for tests on power supplies, the equipment need not normally be energised for these tests.

— Mal Operation Tests: with the equipment energised, no mat operation shall occur as a result of these
test, i.e. no false trips or control operations.

2) Power Supplies
— Damage Tests . 24/48 V DC withstand application of any voltage upto 30/60 V.

— 220 AC andfor 110V DC and/or 48V DC and/or 24V DC
Withstand application of up to 10 times.

AMPLITUDE DURATION
% of Supply RMS Milli — Seconds
or DC Voltage
100 _ 10
200 1
300 0.02
500 0.005

Withstand upto 10 times each, interruption of supplies for periods of 5 mS, 100mS and 500mS (BS
4509, Clause 2.4.13.2) and upto 20 seconds.
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3) Connection To/From HV Plant

— Damage Tests: withstand application of BEAMA 219: 1966 test 1.e. SKV, 0.5 Joule for 1/50
microseconds, between terminals of the same circunt and between ciremts not normally connected
together,

— Normally open contacts of reiays feeding outwards from the tele-controle quipment shall withstand a
voltage of 1KV RMS 50 Hz AC for 1 minute between all terminals connected together and earth and
between circults not normally connected together (BS 142:1966 Section 14 Clause 46.1.4).

—  The insulation resistance shall not be less than 20 megohms when measured at 500V AC RMS, 50
Hz or 750 V DC applied for a period not exceeding one minure between all terminais connected

together and earth and between circuits not normally connected together.

4) Mal Operation Tests
1000V RMS 50Hz AC (source impedance — 150 Ohms) shall be applied for a mimimum of 1 second
between earth and the signal terminal via a 0.2 uF capacitor for DC isolation.

C) TESTS AT MANUFACTURERS WORKS

1) Operating Tests — Carrier Equipment (Routine)

Back to back system tests shall be carried out including overall frequency response, speech and
signalling tests.

In addition, the contractor shall carry out factory tests to determine the characterstics including, but
- not limited to:

Transmatter frequency stability

Receiver sensitivity

Recerver signal to noise ratio

Receiver selectivity

Receéiver base band regulation

Transmission frequency response
Transmitter harmonic distoration
Overall loop gain _

Line trap tumng

Capacitance of the coupling capacitors

Coupling unit characteristics
and any other reasonable tests which engineer so requires providing notice is given of such tests.

Operating Tests — Telephone Equipment (Routine)

Back to back tests shall be carried out to check correct functioning of the exchange at normal and low
supply voits. Priority tests etc. shall also be conducted as Shall transit working.

Operating Tests — TeieProtection Equipment (Routine)

Back to back tests shall be carried out via the PLC links to determine the satisfactory operation of the
Tele-Protection as 1n Section 11 of the Specification.
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2)

3)

D)

Operating Tests — System

Full system tests shall be carried out to prove the compatibility of all the various types of equipment
being supplied with each other and that all system requirements have been achieved as specified. The
contractor must also prove that. the equipment being supplied is totally compatible with any existing
equipment.

Routine Tests

The routmne tests shall include, but shall not be limited to, the following:

Relay Adjusiments

All relays which are specified to have individuat adjustments shall be checked in accordance with the
data sheets.

Insulation Tests for Relays

Windings and all spring combinations of each relay shall be tests at 500V or 2KV (as may be specified)
to the yoke. Where the relay is intended to be insulated form its mounting, a similar test shall be make
between yoke or relay frame and the mounting and cover.

Wiring

All apparatus on each panel, cubicle or rack shallbe tested to a voltage equal to the test voltage specified
for the apparatus connected to it.

Line Esolation Equipment — 2KV or 5KV

Line isolation equipment specified to withstand 2000V AC or 5000V AC shall be tested at these
voltages between the line terminals and the apparatus terminals and the frame work and covers.
Test Schedule

The contractor shall submut a proposed test schedule for the system tests and shall state in the schedule
the total allowable outage time for the system.

The test schedule shall include:

1

Test of the whole system to check its performance operationally

Facility check of power line carried system

Facility check of automatic telephone system

Check foregoing aganst specified variation i power supplies

ACCEPTANCE CONDITIONS

The tests shall only be deemed to be successful if the following conditions apply:

i) No breakdown of any part of the system 1n excess of that detailed in the test schedule and the tot:

allowable outage time 18 not exceeded.
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E)

F)

ii) No senes of errors/faults on a particular itern indicating a design weakness,

Should any piant or any portion thereof fail under test to give the required performance, further tests which are
considered niecessary by the site engineer shall be carried out and cost of the completed tests shall be inciuded
1n the price of works.

After sansfactory completion of the witnessed tests at the works, plant siall be submitted for approvai for
dismantling prior to shipping. NO item of plant shall be despatched to site until the inspection agency has
given its approval i writing,

SYSTEM TESTS ON SITE

All plant shall be submitted for site tests and inspection as required by the site engineer. During the course of
erection, the site engineer shall have full access for inspection of the progress of the work and for checking
workmanship and accuracy as may be required,

On completion of the work prior to commissioning, all equipment shall be tested to the satisfaction of the site
engineer to demonstrate that 1t is entirely switable for commercial operation. In connection with this, the owner
will provide only electricity, fuel and water for the purpsoe of carrying out the tests and such labour and.
inaterials and apparatus that may be required shall be supplied.

Commissioning tests shalt be carried out 1n the presence of and to the satisfaction of the site engineer.

All apparatus shail be tested on site conditions in which 1t will normally work with additional arrangements as
required to prove the capacity for working under the worst combination of conditions.

The commissioning tests shall be exhaustive and shall demonstrate that the overall performance of the works
satisfied every requirement specified.

The tests to be carried out shall be;
i) Based on such routine tests as can conveniently be applied on site together with any other test required.

ii) A system test embracing all the equipment to satisfy the requirements.

TEST CERTIFICATES

Triplicate sets of all principal test records, test certificates and performance curves shall be supplied for all
tests carned out 1n accordance with the provision of this specification. These test certificate records and
performance curves shall be supplied for all tests, whether or not they have been witnessed by the site engineer.
Information given on such test certificates and curves shall be sufficient to identify the material or equipment
to which the certificate refers.
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G)

REJECTION OF PLANT

Any item of plant or component which fails to comply with the requirements of this specification 1n any
respect whatsoever at any stage of manufacture, test, erection or on completion at site may be rejected either 1n
whole or part as deemed the conirary.

After adjustment or modificsation if so directed by the engineer the contractor shall submit the item for further
inspection and/or tests.

Plant or components with defects of such nature that the requirgments of the specification cannot be met by
adjustments or modification shall be replaced by the contractor at his own expense and to the satisfaction of the
engineer.

16.13 SWITCHGEAR AND OTHER SUBSTATION EQUIPMENT

The following list gives the minimum requirements for switchgear and other substation equipment:

WORK TESTS

1)

2)

3)

Complete Switchgear Requirements

Routine high voltage
Electrical type tests

Circait Breakers

Routine Tests

One circuit breaker of ech type ordered shall be fully assemblea at the manufacturer’s works and subjected to
routine tests in accordance with BS 5311 or IEC 56 and shall compnse:

a) Operation tests
b) Millivolt drop test
¢) Power frequency voltage test

The remaining circuit breakers of each type shall be either fully assembled at the manufacturer’s works and
subjected to tests (a) and (c) above or where not assembled at works, separate power frequency voltage tests

shall be performed on all major insulation components.

Type Tests

Making and breaking capacity tests for circuit breakers are to be in accordance with BS 5311 or IEC 56.

Bushings

Routine, sampie and type tests to BS 223 or IEC equivalent.
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16.14

4)

Current and Voltage Transformers

Routine trests to IEC 185, 186, 186A and 358 requirements or BS 3938 and 3941,

Type tests IEC 185, 186, 186A requirements or BS 3938 and 3941 and including impulse tests.

5) Capacitor Couplers and Line Traps
Routine Tests : Ratio and phase angle errors of capacitor divider.
6) Surge Arrestors
Routine tests to IEC 99 requirements or BS 2914 Type tests to IEC 99 requirements or BS 2614.
D Neutral Earthing Resistors
Routine leakage and over voltage tests.
8) Capacitors
Routme tests to IEC 70 requirements or BS 1650. Type tests to IEC 70 requirements or BS 1650,
9) Auxiliary Transformers, Motors, Rectifiers, Contractors and Conirei Gear
As appropriate IEC requirements or BS and as required by this Specification,
10)  Protective Relaying Equipment
Routine tests to BS 142 and checking of correct operation of all relays as appropriate.
Routine testing of sets of differential current transformers.
Type tests of each type of protective scheme simulating service conditions as closely as possible, to prove
sensitivity, stability and operating times.
11)  Control and Indicating Panels, Instruments, Wiring, Metering Equipment Eic,
Routine tests to the appropnate IEC or BS requirements and high voltage tests.
12)  Batteries and Chargers
Material tests as required. Sample tests on cells for repeated discharge/charge/discharge (alkaline only).
SITE TESTS
1 Soil resistivity tests and electrode and earthing system tests as specified.
2) Routine high voltage tests.

In the case of 132KV equipment other than cables will not be required to provide a high voltage test set. A
working voltage test will be made by arrmagement with the Employer,
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3
4)
5)
6)
7)
8)

9
10)
11)
12)

For cables site testing 1s required in accordance with the appropnate IEC requirement or BS and the Contractor
1s to provide the necessary test facilities.

Insulation resistance tests.

Continuity tests.

Oil tests. o

Tests to prove correct operation of interlocks, tripping and closing circuits, indications etc.

Vector group, phasing and synchronising tests.

Operation of all protective gear circuits by primary and secondary injection and where necessary system fault
tests to check sensitivity and stability,

Protective gear limiting tests as may . be necessary.

Test operation of alarm devices.

Rotational tests on ail motors

Battery capacity test.

16.15 COMMISSIONING TEST

a)

b)

c)

d)

Details for the following shall be submitted to the employer for review and approval prior 1o the start of

commissioning activities.
Commissioning Procedures

The draft procedural details shall highlight the method of conducting the site tests as per the requirement under
item 16.14. The details shall mamnly cover the circuit diagram of test set up wherever applicable and a tabular
form to record the test results. Each test record shall have provision to record the serial number and name plate
details of the relevant equipment under test. The formats will be reviewed and approved by the Employer.

A check list shall be prepared listmg out the check on Interlocks closing/opening operation, protection trippmg
etc. for each equipment or system.

Detailed calculations for arriving at the protective relay settings for incomers and feeder circuits, transformers,
protection shall be prepared. The relay settings shall be shown 1n a tabular form showing the circuit

description, type of relay, available setting range and recommended setting.

Protective relay coordination curves plotted on log scale shall be furnished to the Employer along with the
relay recommended settings.
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2.0

2.1

STANDARD OES-27
132/33KV SUBSTATION

YOLUME - 1

SCHEDULE - A
SCHEDULE OF REQUIREMENTS

132KV OUTDOOR SWITCHGEAR

Equipment for four line bays compnising:

a)

b}

c)

d}

€)

£)

Two (2) galvanised steel structures complete with facilities for terminating the slack spans and earth

conductors for incoming and outgoing. Feeder lines, access ladders, earth peak, screens etc,

Four (4) three phase sets of 132KV surge arrestors with connectors and support structures,

Four (4} sets of 132KV cable sealing ends with connectors.

Four (4) sets of post msulators, if required, with connectors and support structures.

Two (2) sets of lightning masts or earth screens as required.

Four (4) sets of connections, connectors, clamps, jumnpers, earthing etc. to complete.

Two (2) three phase 132KV sets of portable earthing equipment,

132KV INDOOR SWITCHGEAR

Seven (7) bays 132KV indoor switchgear, the duplicate busbar switchgear, the duplicate busbars designated as Busbar
I and Busbar II and the 7 bays classified as follows:

BAY NO. DESIGNATION

e e R T

Feeder

Feeder

125MVA Tx, No. 1
Bus Coupier
125MV A Transformer
Feeder

Feeder
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BAY TYPE
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DUTY

132KV Feeder TX.
132KV Feeder
125MVA Tx.

Bus Coupler
125MVA Tx.
132KV Feeder
132KV Feeder Tx.



The equipment requirement are as follows:-

Bay type

A

Bay Type

B

Quantity

Quantity

a)

b)

c)

d)

e)

a)

b)

Description

2000 A Busbars (site ratings)

1-3 Pole circuit breaker 1250 A

2-3 Pole busbar selection isolators 1250 A

3-3 Pole hand operated earthing switches

1-3 Pole disconnecting switch 1250A

1-3 Poie high speed earthing swiich

i-3 Pole termination unit for 3 single core XLPE cables

— Auxiliary switches to include these for future supervisory and indications
spares.

Current transformers of required class and accuracy to meet JEC and B.S.:
3- Distance protection C.T’s rato 1600/800/1 Class X

3- Overcurrent and earth fault C.T’s ratio 1600/800/1 Class 5p

3- Bus zone, differential C.T’s of ratio 2000/1 Class X

3. Bus zone, differential check CT’s of ratio 2000/1 Class X

3- Single phase voltage transformers.

132000 / 110 /110 100 vA

3/ B3/ 3

for instruments, protection, synchronozing and metering,.

Local control cubicle with:
i- Ammeter and selector switch or 3 Ammeters
I- Voltmeters and selector switches (6 positions)
1- Local/Remote selector switch
- Annunciator block
- Set of mimic and control dia grams.
Secondary terminals, terminal blocks, wirmg, fuses/MCB’s links, labels etc.
to complete

Description

2000A busbars (site rating)
1-3 Pole circuit breaker 1250A
2-3 Pole busbar selector isolator 1250 A
3-3 Pole hand operated earthing switches
1-3 Pole disconnecting switch 1250A
1-3 Pole high speed earthing switch
1-3 Pole termination unit for 3 single core XLPE cables
- Auxiliary switches to inciude those for future supervisory indication
and spare.

.Current transformers of required class and accuracy to meet IEC and B.S.:

3- Distance protection C.T’s ratio 1600/800/1 Class X
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d)

e)

b}

b)

c)

d)

€)

3- Directional overcurrent and earth fault C.Ts ratio 1600/800/1 Class 5P
3- Bus zone differenttal C.T’s of ratio 2000/1 Class X
3 Bus zone check C.T’s of ratio 2000/1 Class X.

3- Single phase voltage Tx.

132000 /110 Vv 100 VA suttable for mnstruments, protection

B/ 0

synchronizing and metermng.

Local control cubicle with:
1~ Ammeter and selector switch or 3 Ammeters
I- Voitmeter and selector switch (6 positions)
i- Local/Remote selector switch
1-  Annunciator block
- Set of receive and control diagram
Secondary terminais, terminal blocks, wiring, fuses/MCB’s links, labels etc.
to complete,
As type ‘A’ bay — item (a)
Current transformers of required class and accuracy to meet JEC and B.S..
i) 3- Restricted earth fauit and transformer differential C.T’s ratio
800/1 Class X
ii} 3- Overcurrent and earth fauit and metening CT’s ratio 800/1 Class 5P
iii) 3- Bus zone differential C.T."s of ratio 2000/1 Class X
1v) 3- Bus zone check C.T’s of ratio 2000/1 Class X.
c) Locat control cubicle — As type ‘A’ bay : Item (d)
d) As type ‘A’ bay : Item (e)
a) 2000A busbars (site rating)
i-3 Pole circuit breaker 2000A (site rating)
2-3 Pole load-break switch sectionalizers on busbar I
2.3 Pole busbar selection isolators 2000A (site rating)
2-3 Pole high speed earthing switches (for earthing for busbar)

Current transformers of required Class and accuracy to meet IEC and B.S..
i) 2 x3 bus zone differential C.T’s of ratio 2000/1 Class X
ii) 3 overcurrent and earth fauit ana metering C.1%s, of ratio 2000/1 Class 5P.

% 110 V ‘suitable for

ZANEN

istruments, synchronizing and metering

6 Single phase voltage transformers

Local control cubicle with:

i - Ammeter and selector switch or 3 ammeters
2 . Voltmeters and 2 selector switches (each with 6 positions)
- Local/Remote selector switch
- Ammumcator block
- Set of munic and control diagrams
- Set of materiais such as panel, wiring etc.

Secondary terminals, terminal blocks, wiring, fushes/MCB’s links, labels
etc. to complete.
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General

4 Future Bays

Two bays at each end of the 132KV switchgear : building and related works only for installing extension bays in the
future.

2.2 Control Board for 132KV Switchgear

Circuit Quantity Description

Type

A 2 Control equipment for 132KV feeders comprising:
B 2

Section of mimic diagram including discrepancy type. Control switches for circuit
breaker, isolaters, high speed earthing switch and discrepancy type position
indication for hand operated earthing switches

1 - ““Trip circuit healthy’” white indication lamp
1 - “‘Fault trip’’ amber dication lamp

|
1 - Ammeter selector switch

1 - Ammeter scaled 0-800A and 0-1600A on reverse side
1 - Volimeter scaled 0-150 KV with selector swiich

1 - MW meter bi-differentiai 250-0.250/125-0-125MW

1 - Push button for ‘‘dead busbars’ closing

“‘Remote/Supervisory selector switch

[ - Socket for synchronizing equipment
1 - Synchronising selector switch

Wirmg, cable glands, fuses, links, terminal blocks, termials, labels etc.
to complete.

c 2 Control equipment for 125MVA transformers comprising:

Section of mimic diagram mcluding discrepancy type control switches for circuit
breaker isolators and high speed earthing switch and discrepancy type
position indicator for hand operated earthing switch

i - ““Trip circuit healthy’’ white lamp

1 - “‘Fault trip’’ amber indication lamp

I - Remote/Supervisory selector switch

1 - Ammeter selector switch

I - Ammeter scaled 0-800A
- Wiring, cable glands, fuses, links, terminal blocks, terminais, labels etc.
to complete.

D 1 Control equipment for Bus coupler comprisimg:

Section of mimic diagram including discrepancy type control switches for circuit
breaker, load break sectionalisers, isolators and high speed earthing switches.
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1 - ““Trip circuit healthy” white ndication lamp

I - ““Fault tnp’” amber indication lamp

1 - Remote/Supervisory selector swiich

- Ammeter scaled 0-2000 A

2 - Busbar voltmeters scaled 0-150 KV with selector switch

[

- Wiring, cables glands, fuses, links, terminal blocks, lerminals, labels etc.
{o complete

- Push button for *‘dead busbars™ closing

- Socket for synchronising equipment

- Synchronising selector switch

[ T e—

- Hinged panel mounted on the bus coupler control panel complete with

synchroscope, synchronizing lamps, voltmeters, switches, wiring, labels etc.

2.3  Relay panels for 132 KV Switchgear

Circuit Quantity Description

A 2 Relay panel for 132KV feeder transformer equipped with:-

i - Overcurrent and earth fault relay with three IDMT overcurrent elements and
one IDMT earth fauit element
Relay settings ranges:
- Overcurrent IDMT 50 - 200%
- Earth Fauit IDMT 10 - 40%

| - Distance protection refay

1 - Tripping relay

i - Trip circuit supervision relay
Wiring, fuses, links,
teriminal blocks, cable glands, CT
test blocks with
shortingfisolating links, labels etc.

B 2 Reiay panel for 132KV feeder equipped with:

i - Directional overcurrent and earth fault relay with three overcurrent IDMT
elements and one IDMT earth fault element

Relay setting ranges:-

Overcurrent IDMT 50 - 200%

Earth Fault IDMT 10 - 40%

—
]

Distance protection relay

i - Tripping relay

I - Trip circuit supervision relay Wirmng, fuses, links, terminal blocks, cable glands,
CT test blocks with shorting/isofating links, labels etc. to complete

C 2 Relay panei for 125MVA transformer feeder equipped with:-

1 - Overcurrent and earth fault relay with three IDMT over-current elements and
one IDMT ecarth fault relay
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Relay settings ranges:-
- Qvercurrent IDMT 50 - 200%
- Earth Faults IDMT 10 - 40%

1 - Restricted earth fault relay (132KV)

{ - Tripping relay

I - Neutral earth fault relay (132KV)

1 - Trip circuit supervision relay Winng, fuses, links, terminal blocks, terminals,
CT test blocks with shorting/isolating links, labels etc. to complete.

D I Relay panel for bus coupler equipment with:

| - Overcutrent and earth fault relay with three IDMT overcurrent elements and
one earth fault retay
Relay setting ranges:-
- Qvercurrent IDMT 50 - 200%
- Earth Fault IDMT 10 - 40%

1 - Busbar and breaker back-up protection Eo_c&sm facilities for modification
and extension as well as for monitoring and testing and auxiliary equipment

1 - Trip circuit supervision relay Wiring, fuses, links, terminal blocks, cable
glands, C.T. test blocks with shorting/isolating links, labels etc.

Twenty four (24) panel 33KV Indoor Single Busbar Switchgear in two separate switchboards designated No. 1 and
No. 2 and classified as beiow: .

Panel Designation Panel Duty
No. Type

A) 33KV Switchboard Ne. 1

1 Feeder B/C O/H line/UG cable feeder
2 Feeder . B/C O/H line/UG cable feeder
3 Feeder B/C O/H linefUG cable feeder
4 125MVA Tx. 1 A 125MVA Transformer
5 20MVA Tx. 1 33/11KV D 33/11KV Transformer
6 Feeder B/V O line feeder/UG Cabie
7 Feeder B/C O/H line UG/Cable feeder
8 Feeder B/C * O/H line/UG cable feeder
9 125MVA Tx. 2 A 125MVA Transformer
10 Feeder B/C O/H line/UG cable feeder
11 Feeder B/C O/H line/UG cable feeder
12 Feeder B/C O/M linefUG cable feeder
Busbar V.T. D
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B) 33KV Switchboard No.2

13 Feeder B/C O/H line/UG cable feeder
i4 Feeder B/C O/H line/UG cable feeder
15 Feeder B/C O/H line/UG cable feeder
16 125MVA Tx. | A 125MVA Transformer
17 20MVA Tx. 1 33/11 KV D 33/11KV Transformer
18 Feeder B/C O/H line feeder/UG cable
19 Feeder B/C O/H line/UG cable feeder
20 Feeder B/C O/H line/UG cable feeder
21 125MVA Transformer A 125MVA Transformer
22 Feeder B/C Q/H line/UG cable feeder
23 Feeder B/C O/H line/UG cable feeder
24 Feeder B/C O/H line/UG cable feeder
Busbar V.T.

The requirements are as follows:

Panel Quantity

Type

A 4 a)
b)

B As required a)

Description

1600A busbar chamber and feeder termination and current transformer
chamber and 1600A circuat breaker on truck with auxiliary switches shunt
trip mechanism, closmg mechamism. Busbars shall be rated 1600A under

site conditions. Local control switch with pistol gnp handle.

I

Local/Remote selector switch

Circunt breaker **closed’’ indication

Circunt breaker “‘Open’’ indication

Cable box for associated copper conductor XL.PE cables

Auxiliary switches to inciude those for future supervisory indication

Termuinals, termunal blocks, wiring, fuses, links, labels etc. to complete.
Current transformers of required class and accuracy to meet IEC and B.S..

i) 2 metering commercial grade CT’s ratio 1600/1 Class 0.5
ii} 3 restricted earth fault and transformer differential CTs ratio 2400/1
Class X or equivalent _
i) 3 overcurrent and earth fault CTs ratio 3200/1 Class 5P
1v) 3 bus zone, differential CT’s of ratio 1600/1 Class X
v} 3 bus zone differential CT’s of ratio 1600/1 Class X

33KV/110V 3 phase voltage transformer suitable for mnstruments,
automatic voltage regulatory, protection, synchromsing and metering.

Feeder panels each equipped as for panel A (a), except for 630 A circunt
breaker and cable box suitable for 3 core 300 sq.mm copper XLPE steel

wire armoured cables
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3.2

General

b)

As required  a)

b)

Current transformer:-
i3 overcurrent and earth fault and metering CT’s ratio 400/1
ii) 3 CT’s smitable for distance protection ratio 400/1 for overhead line
feeders
iii) 3 bus zone differential CT’s ratio 1600/1
1v) 3 bus zone check CT’s ratio 1600/1

Feeder panels each equipped as for panel a%w A (a) except for 630A
breaker and cable box suitable for 3 core 300 sqmm copper
XLPE steel wire armoured cables

Current-transformers:

3 overcurrent and earth fault and metering CT’s ratio
3 bus zone differential CT’s of ratio 1600/1

3 bus zone check CT's of ratio 1600/1

3 400/1 Class X CT’s for Pilot wire protection

|

Busbar 33KV/110 volt voltage transformers for instrumentation and
feeder distance protection

4 — Future Panels (2 at the end of each switchboard building and related works only for future use.

Control Board for 33KV Switchgear

Circuit

Type

A

Quantity Description

-4 Conirol equipment for 125SMVA transformer type A comprising:

Section of mimic diagram, circuit breaker control discrepancy type swiich,
discrepancy type position indication for 33KV isolators and 33KV neutral

isolators.

1 - “‘Springs charged”’ blue indication lamp

1 - ““Trip circuit healthy”® white indication lamp
1 - ““Fault trip” amber indication lamp

1

Remote/Supervisory selector switch

1 - Ammeter selector switch
“1- Voltmeter scaled 0-40 KV with fuses
1 - Push batton for **dead busbars’’ closing

] - Socket for synchronising equipment

1 - Synchronising selector switch

- Wiring, cable glands, fuses, links, terrinal blocks, terminals, labels etc.

to complete.
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B/C/D

General 2

Controi equipment for Feeder type B comprising:

Section of mimic diagram 1including circuit breaker control discrepancy type
switch, discrepancy type position indication for 33KV isolators

1 - “*Spring charged’” blue mndication lamp, if applicable

1 - ““Trip circwt healthy’” white indication lamp
1

““Fault trip’” amber indication iamp

1 - Remote/Supervisory selector switch

[ - Ammeter selector switch

1 - Ammeter scaled 0-300A and 0-600A on reverse side

- Wiring, cable giands, fuses, links, terminal blocks, terminals, labels etc.
to compiete.

i - Commercial grade kwh meter including maximum demand ndication,
Busbar voitmeters scaled 0-40KV with fuses.

Hinged panel mounted 1n a suitable iocation on the controi board complete with
synchroscope, synchromsing lamps, voltmeters, switches, wiring, labels etc.

3.3 Relay Panels for 33KV Switchgear

Circuit Quantity

Type

A 2

Description

Relay panel for each 125MVA transformer equipped with:-

2 - Overcurrent and earth fauit relays with three IDMT overcurrent elements and
one IDMT earth fauit relay.

Relay setting ranges:

- Overcurrent IDMT 50 - 200%
- Earth fault IDMT 10 - 40%

i - Transformer differential relay
I - Restricted earth fault rejay (33 KV)
I - Tripping telay
I - Buchholz auxiliary flag reiay
1 - W.T. auxiliary flag relay
1 - 2 Stage standby earth fault relay (33KV)
i - Trip circuit supervision relay
- Wining, fuses, links, termimnal blocks, terminals, C.T. test blocks with
shorting/isolating links, labels etc. to complete.
i - HV interposing CT for transformer differential protection
2 - LV interposing CTs for transformer differential protection
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34

3.5

B As required Relay panel for feeder type B equipped with:
1 - Overcurrent and earth fault relay with three IDMT overcurrent elements,
and one IDMT ecarth fault element

Relay setting ranges:
- Overcurrent IDMT 50- 200%
- IDMT earth fauit 10 - 40%
1. Auto reclose relay
1~ Distance Protection Relay
1 - Tripping relay
1 - Trip circuit supervision relay
- Wiring, fuses, links, terminal blocks, cable glands, CT test blocks with
shorting/isolating links, labels etc.

C As required Relay panel for feeder type C equipped with:

1 - Overcurrent and earth fault relay with three overcurrent IDMT elements, and
IDMT earth fault element

Relay setting ranges:
- Qvercurrent IDMT 50 - 200%
- IDMT earth fault 10 - 40%

Pilot wire protection relay to match Solkor RF at the other end insulated
to 15KV

complete with:

- Surge proof intertripping relay (send)
- Surge proof intertripping relay (receive)
- Pilot wire supervision equipment

General 1 Busbar protection panel for 33KV switchgear protection including relays,
switches, indicating lamps, CT testfisolating links, wiring, terminal blocks,
termunals, fuses, links, labels etc.

Tap Changer Control Panels for 125MVA Transformers

2 - Tap changer control panels including automatic voltage regulator, control “‘raise’’ and ‘‘lower’’ push buttons,
*‘tap change in progress’’ lamps, *‘tap change 1n progress’’ buzzer, tap position indicator, voltmeter, and all necessary
equipment for the provision of a master-foltwer tap change control scheme between the 125MVA transformers.

Metering for 12SMVA Transformer 33KV Circuits
i - Metering panel complete with all necessary terminals, terminal blocks, glands, connectors, wiring, trunking, CT

test/isolating links etc. for incoming 33KV metenng circuits for 125MVA transformers including:

i) 2 - Kwh meters including maximumn demand indication.

i) 2 - KVArh meters including maximum demand indication.

iiiy 1 - Set of summation equpment including printometer as specified in Section 4.6.
w) I - 110Volt DC ume clock for measunng half hour mtervals.
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Alarm Panel

i - Alarm panel, mncluding facias for general substation alarms, transformer alarms etc. flasher relay, bell, buzzer,
switches, wirng, terminals, fuses, links and all necessary equipment to provide alarm system specified in Section
4.6.

The following alarms shall be included on the facias:

Transformer No. 1

Buchholz alarm

Buchhoiz trip

Winding temperature alarm
Winding temperature trp
Cooier supply fail

Tap changer out of step
Main protection operated
Back-up protection operated
Tap-changer supply fail
V.T. fail

Transformer No. 2

As for Transformer No. 1
General:

Trip supply fail

Battery fauit (110 volt)

132KV circunt breaker tripped
33KV arcuit breaker tripped

Fire alarm

132KV busbar protection operated
33KV busbar protection operated
LVCA fail (essential services)
Battery fault (48 volt)

132KV distance protection operated
33KV distance protection operated

TRANSFORMERS

Transformers shall comply with the requirements of Section 5.0.

Description (a) Power Tx. (b) Earthing
125 MVA Tx. 315 KVA

Quantity 2 2

Number of Phases 3 3

Normal ratio of Transformation KV 132/33 33/0.415

Max. continuous rating (See Cl. 4.1.4) 125MVA 315KVA

Vector Group Reference Yd 5 Zn Ynll

Type of cooling (See Cl. 4.1.3) ONAN/ONAF ONAN

Range of Tx. taps % - 15% + 5%

+ 5%



50
5.1

5.2

53

54
5.5

6.0

6.1

Size of transformation ratio steps 1.1% 2.5%

Terminal arrangements:

- 132 KVx . Cable Box -

- 132 KV Neuiral Bushing -

- 33KVx Cable Box Cable Box

- 33KV Neutral - Bushing

- 415 Volits — Cable Box
Impedance voltage at 75 Deg. C and CMR at normal rating

between HV and LV windings approx. 17 - 20%

Supply voitage for control circuits — Vdc 110 ---

AVR ref. voltage — Vdc 110 ---

Zero sequance impedance (earthing transformer) . 5 Ohsm/phase
Description

System highest voltages KV 145/36 36/0.433

Min. withstand voltages full wave impulse KV 650/170 170/-

Induced over voltage KV 230/70 70/-

Power frequency withstand of neutral KV 40/- 40/-

Type of transformer base required skid or flat skid or flat
Whether anti-vibration pads required Yes, if flat base Yes, if flat base
Rating of interconnected star winding on 30 sec. basis ww 1500

neutral Amps

132KV Neutral current Tx. for neutral fauit (ratio 600/1 One set on each Tx.

accuracy Class 5P) and resctricted earth fault protection
(ratio 600/1 Class X) to be incorporated in the 132KV neutraf
bushing

415VOLT SWITCHBOARDS, LIGHTING AND SMALL POWER

Main Distribution Board for 415/240 volt substation services. The board shall include manually operated switch fuse
units for incoming circuits from 33/0.415KV transformers, bus section 1solator interlocked with incoming switch fuse
umits, switch fuse units for outgoing supplies from each bus section to the essential service board, miniature circuit
preakers or fuses for lighting and small power circuits, ammeter and associated current transformers on each incomng
circuit, voltmeter with voltage selection switch on each section of busbar, labels etc.

Essential Services sub-distribution board. The board shall include an automatic changeover contactor, INCOMIng sup-
ply isolator, no volt relay, ammeter and associated current transformer, voltmeter, miniature circuit breakers or fuses
for essential services circuits, labels etc.

Cormplete set of lightning and small power equipment for the substation mcluding outside lighting, emergency light-
ing, socket outlets, TPN outlet suitable for oil treatment plant to be supplied under Schedule E, tools and appliances,
wiring etc: to comply with Section 4.10 of the specification.

Air conditioning for control/relay room and power line carrier rooms. 132KV and 33KV switchgear room.
Ventilation for toilet, battery room LVAC room to comply.

BATTERIES, CHARGERS AND D.C. SWITCHBOARDS

Set of two 110 volt 100% duty nickel cadmium batteries, control and charging equipment and one DC distribution

board.
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6.2

7.0

9.0

9.1

9.2

9.3

9.4

10.0

Control and charging equipment shall mnclude an automatic fioat charger and boost charger. Each charger shall be
compiete with a switch fuse for incoming AC supplies and either an off load isolator or disconnecting links for the DC
output, incoming AC indicating lamp, input voltmeter with iow voltage alarm contact, output ammeter, voltage failure
detecting device efc.

DC distribution board shall inciude double pole switches and fuses for outgoing DC circuits, double poie 1solators for
incoming DC supplies, voltmeter and centre zero ammeter on each-incoming battery eircuit, earth fault detecting
relays, battery low voltage alarm device, double pole changeover contactors etc.

EARTHING

Complete earthing system as required in the specification including connections to alt equipment supplied under this
contract and to any existing earthing ai the substation.

FIRE FIGHTING EQUIPMENT

2 - Wall mounted 10KG portable dry powder extinguishers each provided with 4 re-chargers for control/relay
room.

2 - Wheeled trolley type S0KG dry powder extingmshers provided with 4 re-chargers.
1 X 10KG dry powder wall mounting extinguishers.
‘Water sprinklers for transformer fire protection.

CABLES AND TERMINATIONS

The following cables and terminations shall be included and installed as necessary to complete the works 1n
accordance with Section 4.11 of the specification.

ITEM DESCRIPTION

10.1 132KV XLPE cables between 132KV Indoor Switchgear and 132KV overhead line circuits shall be single core
2000 sq.mm XLPE PVC/Al.armoured/PVC.

102 132KV XLPE cables between 132KV Indoor Switchgear and 125MV A Transformers Nos. 1 and 2 cables shall
be single core 630 sq.mm XLPE/PVC/Al. armoured/PVC

10.3 33KV XLPE cable between 125MVA Transformer Nos. 1 and 2 and 33KV Switchboard Nos. 1 and 2. Cables
shall be 2 x single core per phase 630 sq.mm XLPE insujated.

10.4 33KV Cables between 125MVA Transformer Nos. 1 and 2 the appropriate earthing transformer. Cables shall
be 185sq.mm single core copper conductor XLPE.

10.5 1000 voit cables between auxiliary earthing transformers and mam distribution board.

Cables shall be 300 sq. mm copper conductor, XLPE mnsulated and sheatbed armoured 4 core or equivalent
smgile core cables.
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10.6

10.7

1000 Volt cables sbetween main distribution boad and sub-board for essential services, Cables shall be
70sq.mm copper conductor XLPE insulated and PVC sheathed non-armoured 4 core cable.

Mulli core and telephone cables to complete control, alarm, indication and tele-communication Circuits etc.

11.00 POWER LINE CARRIER EQUIPMENT

ITEM

11.1

A

B

11.2

DESCRIPTION
Power Line Carrier Equipment (sending end substation — New §.5)

Outdoor Equipment

Inter circuit phase/phase coupling to Ghubrah Power Station No. 1 and No. 2 132KV lines.

2 - 1250 Amp line trap complete with all necessary fittings, clamps etc. for mounting on the 132KV coupling
capacitor.

2 - 132KV coupling capacitor complete with all fittings for mounting the line traps on topo.

2 - Galvanised steel frame work mounted on terminal tower cross arms for supporting the coupling
capacitors.

2 - High frequency coupling units complete with coupling filters and protection circuits with all necessary
mounting details.

High frequency cable to connect to the HF coupling units with the associated PLC terminals.

Indoor Equipment

2 - Carrier terminal equipment comprising signal gencrators, modulators, line amplifiers, filters, speech
circuits, telephone signalling (dialling) and bandwidth for teleprotection as necessary and future telecontrol
from supervisory control centre.

Power Line Carrier Equipment New 8.5 — 8.5 at the end of the feeder
Outdoor Equipment

Inter-circuit phase/phase coupling to outgoing feeder and No. 2 132KV lines.
2 - 800 Amp line trap as item 11.1A,

2 - 132KV coupling capacitors as item 11.1 A,

2 - Galvanised steel framework as item 11.1 A,

2 - HF coupling units as item 11.1 A.

HF cable as item :;. A.

Indoor Equipment

2 — Carrier termunal equipment as item 11.1 B to S.S. at the other end of outgomng feeder.
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11.3

11.4

11.5

11.6

Automatic Telephone Equipment

i - Private automatic telephone exchange (PAX) equipped initially for 20 local extensions, 4 links and 6 trunk
terminating umits sending end substation and to the 5.S. at the end of outgong feeder.

8 - Telephone instruments
i - Man distribution frame

Telecontrol Equipment

i - Set of VF transmit equipment to code and transmit found alarm signals to supervisory controd centre (one
urgent, one nonurgent and spare)

Teleprotection Equipment

2 - Sets of duplex *‘direct tripping’” high speed teleprotection equipment to directly trip the 132KV circunt
breakers at sending end from the Distance Protection at new substation and to trip the 132KV circuit breakers
at new S.5. from the protection at sending end station.

2 - Set of duplex ‘‘direct tripping”” high speed teleprotection equipment to directty trip the 132KV circuit
breaker at new substation in the event of transformer fault at other end of the outgoing feeder and to inp the
33KV circuit breakers at substation on the end of the outgomng feeder from the distance protection of new
substation.

Power Supplies

2 - Set Battery of sufficient capacity for the equipment requirements including future circuits together with
battery stand.

2 - Set of battery charger equipment of sufficient rating for the above battery together with the necessary
distribution panel.

CRANE FOR 132KV SWITCH-HOUSE

Gantry Crane hand operated from the operating floor. The crane should be capable to lift the heaviest part m its
operating area (munimum 35 tons). The crane shall be complete, including girder{s), crab, long travel runway rails with
supports (crvil works included), bse plates, buffers and all fastening materiai, hoisting machinery with brakes, all
lubricatmg devices, ropes, shelves, hooks and protecting devices. A complete set of lifting and rigging ropes and

chains for each crane to handle all equipment the crane 1s designed for, shall be provided, also a storage rack for all
ropes and/for chains suitably located.
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1.0

SCHEDULE, - “B
TECHNICAL PARTICULARS AND GUARANTEES

132KV QUTDOOR EQUIPMENT

ITEM

a) Surge Arrestors

Manufacturer

Type of Arrestor

Class and Duty

Rated Voltage

Rated Current

50Hz sparkover voliage

100 percent impulse sparkover on
1.2/50 micro second wave

100 percent impulse sparkover on AIEE steep fronted wave
Discharge residual voltage based on 10/20 wave at:

A) SKA
B) 10KA
C) 20KA

Current discharge capacity:

A) 5/10 second wave
B) 2000 second rectangular wave

Minimum reseal voltage
Total height of arrestor

Total weight of arrestor
Type of surge counter

b} Cable Sealing End - Bushing Insulators

Maker

Insulator materiai

Maker's type reference and rated voltage

Pitch circle diameter and drilling of flange

Length of insulator (overall)

Weight of insulator

Electristatic capacity of complete bushing

50Hz dry voltage withstand

Lightning impulse flashover voltage (1/2/50 Wave)
Full wave lightning impulse voltage withstand
50Hz wet withstand voltage without arcing homns
Total creepage distance of shedding (see Cl. 4.7.1)
Protected creepage distance of shedding
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RMS KV
KA

RMS KV
Peak KV

Peak KV
Peak KV
Peak KV

Peak KV
Peak KV

RMS KV

kg

mm approx.

mm

kg
pF

Kv
Kv
Kv

132KV



2.0

132KV INDOCR SWITCHGEAR
ITEM

Manufacturer

Type Number

Class SF6

Number of phases

Rated design voltage

Impulse withstand on 1.2/50 mucrosec wave
— Phase to earth

- Phase to phase (for three pahse encapsulation)
Frequency

Normal busbar current rating (site)
Overload rating (emergency) % of normai
Duration in any 24 hour period

Voltage Transformers

Manufacturer

Type

Rated burden per phase

Class

Maximum ratio error with rated burden and 5% normal primary voltage
Maximum phase angle error with rated burden and 5% normal primary volitage
Total weight of 3 phase umt

Total weight of 1 phase unit

Busbars

Maximum temperature rise at rated busbar current (site)
Matenal used for busbar

Cross section of busbar

Insuiators matenal and type

Parbial discharge test voltage on insulators
Single phase/Threee phase encapsulation
Encapsuiation matenal

Diamter of encapsulation tubing

Rate pressure of SF6

Maximum admissible pressure of SF6
Minmmum perrussible pressure of SF6

Type Tests

Short time withstand current of switchgear

A) One Second
B) Three Second
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KV
KV
KY
Hz
A

Hrs
Ambient Temp, °C

VA

%

Kg
Kg

°C

$g.mm

KV

Hm

Bar
Bar

RMS KA
RMS KA



Breaking capacity

A) Symmetrical
B) Asymmetrical

Rated short circuit making current
Rated cable charging breaking current
Rated capacitor breaking current
Rated inductive breaking current
Rated line charging breaking current

Operating Particulars

Opening time

A) Without current
B) At 100% of rated breaking current

Max. arc duration of any duty cycle

Duty cycle on which max. arc duration occurs

Making time

Minimum time from arc extinction to contact remake when adapted for

auto reclosing
Time of arc duration

Time from closing of control switch to completion of closing stroke with

making current

Constructional Features

Circuit breaker:
Single phase/three phase encapsulation

Method of closing: Type and details of operating mechanism

Method of tripping

Operating mechanism motor voltage
Operating mechanmism motor current
Closing release coil current

Closing release coil voltage

Trip coil current

Trip coil voltage

Is the circuit breaker trip free?

— Details of the diversion of gas tight compartments of each switchgear bay

H
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Fault arc withstand duration for each gas compartment
Details of rupture diagrams fitted on each gas compartment

Details of static filters fitted on each gas compartment

RMS KA
RMS KA

Peak KA

b

ms

ms

ms

ms

Vde

Vdc



Dimensions etc.

Weight of ricruat breaker unit complete Kg
Weight of whole switchgear bay compite with switches operating mechanism

and all fittings as 1n service Kg
Maximum shock load imposed on floor or foundations when openign under

fault conditions (state whether tension or compression) Kg
Maximum pressure rise in circuit breaker due to the making or breaking of

rated current N/m2
Routine pressure test on circuit breaker containers N/m2
Pressure type test on circuit breaker containers N/m2

SF6 Gas Losses

Percentage of gas loss per year for each switchgear bay %
Overall dimensions of each switchgear bay {compiete equipment) 33KV
A) Height mm
B) Length mm
C) Width mm
Isolator
Type
Rated current A
Rating of drive motor — Voitage v

— Current A

Load Break Switch

Type

Rated current

Load break capacity

Rating of drive motor — Voitage

R T

— Current

High Speed Earthing Switch

type
Rated current A
Fault making capacity KA
Rating of drive motor — <o:mmo.

— current

Hand Operated Earthing Switch

Type
Rated
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3.0

KV INDOOR SWITCHGEAR

Manufacturer
Type Number
Class (i.e. SF6/Vacuum)
Number of phases
Rated Design Voltage
Impuise withstand on 1.2/50
IICrosec wave
Frequency
Normal busbar current rating (site)
Overioad rating (emergency) % of normal
Duration 1n any 24 hour period hours Ambient Temp. °C

Voltage Transformers

Manufacturer

Type

Rated burden per phase

Class

Maximum ratio error with rated burden and 5% normal primary voltage
Maximum phase angle error with rated burden and 5% normal primary voltage
Total weight of 3 phase umt

Total weight of 1 phase umt

Busbars

Maxumum femperature rise at rated busbar current (site)
Material used for busbar

Cross section of busbar

Insujation material

Type Tests
Short time withstand current of switchgear:

A) One Second
B) Three Second

Breaking capacity:
A) Symumetrical
B) Asymmetrical

Rated short circuit making current
Rated cable charging current
Rated capacitor breaking current
Rated inductive breaking current
Rated line charging current

Operating Particulars
Opening time:

A) Without current
B) At 100% of rated breaking current
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KV

KV

VA

%
Deg.
Kg
Kg

°C

RMS KA
RMS KA

RMS KA
RMS KA

Peak KA

P S

ms



Maximum arc duration of any duty cycle ms

Duty cycle on which maximum arc duation occurs %
Making time _ ms
Minimum time from arc extinction to contact remake when adapted for

auto reciosing ms
Time of arc duration ms
Time from closing of control switch to completion of closing stroke with making

current ms

Constructional Features
Method of closing
Method of tripping

Rated voltage for spring winding motor for closing Vdc
Spnng winding motor current A
Closing release coil current A
Closing release coil voitage Vdc
Trip coil current A
Trip coil voltage Vde

Is the circuit breaker trip fre?

Type of arcing contacts or arc control device
Type of main contact

Matenal of contact surfaces

Number of breaks per phase

Length of each break

Length of stroke
Dimensions etc.

Weight of circuit breaker unit complete Kg
Weight of whole circut breaker equipment and all fittings as in service Kg
Maximum shock ioad imposed on floor or foundations when opening under

fault conditions (state whether tension or compression) Kg
Maximum pressure rise in circuit breaker due to making or breaking or rated

current N/m?2
Routine pressure test on circuit breaker contamers N/m2
Pressure type test on circuit breaker containers N/m2
Minimumn clearances in ar:
A) Between phases mm
B) Phase to earth mm
C) Across circuit breaker poles mm
Minimum clearances in oil:
A) Between phases mim
B) Phase to earth mm
C) Between live parts of one phase mm

Materiat of container

Materiai of moving contact tension rod

Loading of heaters for circuit breakers W
Details of floor plates or rails — if provided

Overall dimensions of each circuit breaker unit: 33KV

A) Heignt mm
B} Length mm
C) Width mm
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40 TRANSFORMERS

POWER TRANSFORMERS

A)
B)
93]

E)

A)
B)

A)
B)

A)
B)

Description

Type of cooling

On-load voltage control equipment
Type

HV or LV winding

Range on-load

Power frequency with stand test voltage IEC 214:1976 between

first and last contacts of the selector switch

Between any two adjacent contacts of the selector

Between open divertor switch contacts
Type test certificate reference

Size of tapping step

Approx. ONAN rating of forced cooled Tx.

Hot spot temperature at CMR under service conditions stated in

schedule

Mazx. top oil temperature {(average daily ambient air temperature

30 Dec.C)

C.MR.
ON rating

Max. flux density in iron at normal voltage and frequency and at

normal ratio

Cores
Yokes

Description

Magnetizing current (approx} no-load losses (excluding
cooling plant losses) at rated voltage ratio and frequency
Cooling plant losses at CMR.

Load losses at 75 Deg. C and normal ratio:

CM.R.
ONAN rating

Total losses at 75 Deg. C

and normal ratio:
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Ttem

KW
KW

KW
KW

125MVA Tx.  Earthing T»
Item  132/33KV 33/0.415K\
(315KVA)

%o

KV

KV

KV

%
MVA

°C

°C
°C

Tesla
Tesla

125MVA Tx. Earthing Tx.
132/33KV 33/0.415KV
(315KVA)



A)  CMR. mncluding mnput to cooling piant Kw
B) ONAN rating KW

Regulation at 75 Deg. C/ and normal ratio:

A) At umty power factor %
B) At 0.9 lagging power factor %

Maximum current density m winding at C.M.R.
A)  HV WSnding Afmm?2
B) LV Winding A/mm2
POWER TRANSFORMERS

Item 125MVA 132/33KV
Description
Tap -15 ¢ 5%
Assumed simultancous operating conditions under
which maximum flux density 1s attained.,
Frequency Hz 48
Voltage HV KV 145 145
LV KV 36 36
Load MVA at 0.8 pf lagging 162.5 ¢ 162.5

Maximum flux density m iron under these conditions  Tesia

Impedance voltage at 75 Deg. C and CMR between:

H.V. ana L.V. windings at highest transformation
ratio %

Temperature rise of windings at CMR above specified

design ambient

The tenderer shall enter the terminal voitages appropriate to the stated loading in accordance with IEC 354 : 1972
and the impedance offered.

125MVA Tx.
132/33KV

Details of Construction

Types of winding:

A) HV.
B) L.V.

Insulation of:

A)  H.V. Winding
By L.V. Winding



A)
B)
O

A)
B)

A)
B)

A)
B)

Insulation of tapping connections Insulation of:

Core bolts
Side plates
Core laminations

Winding connections brazed or crimped
Is facility provided for adjustment of axial pressure

on windings Yes/No

Thickness of transformer tank

Sides mm
Bottom mm

Material used for gaskets for oil tight joints
Radiators and Fans

Thickness of radiator plates and/or cooling tubes mm
Equipment for ON cooling state (A) or (B)

Radiators on main tank
Separate cooler banks

Auxiliary equipment for ONAF cooling — state (A) or (B)

Forced air cooling of radiators on tank
Separate forced air cooler bank

Number of coolers/radiators or cooler banks per transformer
Thermal -rating of each coolerfradiator bank

Number of air blowers per Tx.

Speed of air blowers

B.S. rating of each air blower motor

Starting current of each blower motor

Qil Volumes and Weights

Total oil required inciuding cooler system

Volume of oil above level of the topy yoke

Total volume of conservator

Volume of oil in tap changer

Volume of oil in coolers

Volume of oil in conservator between highest and lowest visible

Weight of core and winding assembly

Weight of tap changer gear

Weight of OLTC and compartment

Weight of cooling equipment complete

Weight of conservator tank

Total weight of largest section arranged for transport

Total weight of transformer for operation but excluding weight
of coolers if these are not supported on transformer tank
{(including oil)
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Kw

RPM
KW

litres
litres
litres
litres
litres
litres
KG
KG
KG
KG
KG
KG

KG



Overall dimensions of transformers complete with top
changer gear:

Width mm
Length mm
Height mm

50 PROTECTION, METERING AND CONTROL

A)

Description

132KV Distance Protection

Manufacturer
Type of relay and measuring system
Minimum setting for near end fault:.

Single phase to earth
Phase to pnase
Three phase

Minimum setting for faults at remote end:

Singie phase to earth
Two phase to earth
Phase to phase
Three phase

Minimum iength of transmussion line which can be protected

Maximum length of transmission line which can be protected

Maximum time deiay between initiation of fault n first zone and
energising of trip circuit:

a} At a current equal to CT rating
b) At a current equal to five time CT rating

C) At a current equai to 20 times CT rating

Range of adjustment for time delay relays

‘a) Second zone

b) Third zone
Burdern imposed by protective equipment: Resistive —

a) Current circuits (at 20 times CT RATING)
b) Voltage circuits (at normal rated voltage)

Reactive —

a) Current circuits (at 20 time CT rating)
b) Voitage circuits (at normai rated voltage)
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Panel

KM
KM

VA
VA

VA
VA



B)

A)
B)

A)
B)

O

A)
B)

A)
B}

A)
B)

132KV Busbar Protection

Manufacturer
Type of equipment (solid state/electro-mechanical)

Minmmum sensitivity:

Earth faults
Phase faults

Maximum through fauit stability
Operating time fault initiation to trp initiation at:

Current 3 times minimum setting milli secs.

Current 10 times munimum setting milli secs.

Transformer biased differential protection

Manufacturer

Type of description of system
Range of operating coil settings
Range of bias coil settings
Recommended operatinf coil setting

Recommended biased coil setting

Description

Sensitivity for earth faults ar recommended settings:

Least sensitive phase
Most sensitive phase

Sensitivity for phase faults at recommended settings:

Least sensitive phase
Phase faults

Maximum through fault at which the protective equipment is stable with

recommended settings:

Earth faults
Phase faults

Maximum time delay between initiation of fault and energising of breaker trip current
Details of magneting in rush current bias umt for stability of protection under

switching surges
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% of C.T. rating
% of C.T. rating

% of C.T. rating
% of C.T. rating

% of C.T. rating
% of C.T. raung

% of C.T. rating
% of C.T. rating

% of C.T. rating
% of C.T. rahng

milli secs



)

E)

A)
B)
)

F)

A)
B)

G)

Transformer restricted earth fault protection

Manufacturer
Type of relay
Sensitivity

Magnitude of external phase or earth fauit up to which the protection is stable

Burden for current transformer

Time delay between initiation of fauit and energising of breaker trip coil at twice

Time delay between initianon of fault and energising of breaker trip coil at 10 times

CT rating

Inverse Time Overcurrent and Earth Fault Protection

Manufacturer
Type of relay
Range of current settings:

Overcurtent etements
Earin fault eiements
High set instantaneous elements

Range of timing setting sat 10 tmes C.T. rating
Burden of refay at 10 umes C.T. rating

Standby Earth Fault Protection

Manufacturer

Type of relay

Type of time delay relay

Range of fault settings

Range of setting of definite time delay relay:

First stage
Second stage

Burden of relay at 10 times C.T. rating
Percentage of current settng at which relay will reset

Distance Protection Relays

Manufacturer

Type of reiay and measuring sysiem
Type of starting system

Minimum setting for near end fauit:

Singie phase to earth
Phase to phase
Three phase
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9% of C.T. rating
% of C.T. rating
VA

milli secs

% of C.T. rating
% of C.T. rating
% of C.T. rating

Secs
VA

% of C.T. rating

Secs

Secs

%



a)
b)
<)

a)
b)

a)
b)

a)
b)

H)

Minimum setting for faults ai remote end:

Singie phase to earth
Two phase to earth
Phase to phase
Three phase

Minimum length of transmission line which can be protected
Maxmmum length of transmission line which can be protected

Maximom time deiay between initiation of fault in first zone and energing of trip
circuit:

At a current equal to CT rating
At a current equal to five times CT rating
At & current equal to 20 times CT rating

Range of adjustment for time deiay relays

Second zone
Third zone

Burden imposed by protective equipment: Resistive —

Current circuits {at 20 times CT raiing)
Voitage circuits (at normal rated voltage)

Reactive —

Current circuits (at 20 times CT ratings)
Voltage circwits (at normal rated voltage)

33KV Busbar Protection

Manufactuer
Type of equipment (solid state/electro mechanical)
Minimum sensitivity:

A} Earth faults
B) Phase faults

Maximim through fauli stability
Operating time fault initiation to trip initiation at:

A) Current 3 times minimum setting
B) Current 10 times minimum setting
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KM
KM

VA
VA

VA
VA

% of C.T. rating

% of C.T. rating -

milli secs.
milli secs.



¥ Neutral Earth Fault Protection

Manufacturer

Type of relay

Type of time delay relay
Range of fault settings

% of C.T. rating

Range of setting of defirute time delay relay Secs
Burden of reiay at 10 times C.T. rating VA
Percentage of current setting at which relay will reset
Signature
Designation :
Name of Tenderer :
Date :
AUXILIARY AND EARTHING TRANSFORMERS
Description Item Earthing TX.
33/0.415 KV
Current density in interconnected star winding with specified fautt current ~ A/mm?2
Current density 1n interconnected star winding at 3 second rating Afmm?
Continuous earth fault current rating A
CMR of lower voitage star winding KVA
Impedance voitage at CMR of lowr voltage winding between HY and LV
winding %
Resistance of higher voitage winding at 75 Dec. C Ohms
per phase
Zero phase sequence impedance at 75 Deg. C with LV windings Ohms
open circuited per phase
Total oil required litres
Weight of compiete transformer (including oil) Tonnes
Overall dimensions of transformers:
Width mm
Length mm
Height mim
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METERING

Kitowait Kilowait
Description Hour with Hour
MIDE
Integrating Meters
Type
Torque at full load gmem
Wt. of mawn shafi assembly gm
Temp. coef. % per %
Excess current coils will carry safely:
a) Continuously % FL
by For 30 min. % FL
Number of revolutions of rotor at full load RPM

Mimmum number of revs. of rotor per impulse

Wt. KG
Finish of case

Demand printers KXWH and KVARH

Type

Integrating Pertod mins
No. figs. recorded by primter

Frequency of chart replacement

Max. error i transmission between meters and priniers

Max. rate of impulsing . per 1/2 hour
Standard value of impulse Kwh Kuart/
imp,.
Consumption of operating coils w
Consumption of operating motor(s) W
Operating supply vV AC/DC

Time Switch

Type (Electronic/Mechamcal)
Operating voltages

Setting ranges

No. of ON/OFF cycles
Accuracy

Rating of operating contacts

6.0 LIGHTING AND SMALL POWER

Main Distri- Essential
ltem bution Board Services

415 Volt Switchboards

Manufacturer

Type

Busbar rating . Amps
Breaking capacity MVA
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7.0

Type and manufacture of fuses

Type and manufacture of changeover contactor

Rating of contactor hold-1n coil VA
Pick-up voltage of contractor coil v
Drop-off voltage of contactor coil v

Range of adjustment in drop-off time Secs

BATTERIES, CHARGERS AND D.C. SWITCHBOARDS

Description

Batteries

Manufacturer

Type

Electrolyte

Voltage \'%
Capacity at 10 hour rate . A H.
Number of cells

Voltage per cell v
Normal charging rate A
Ampere hour efficiency at 10 hour rate %o
Dimensions of ceils mim
Dimensions of battery corplete min
Weight of cell complete with electrolyte KRG
Total weight of battery complte KG
Internal resistance per cell when full charged Ohms
Battery voitage at end of the duty cycle specified v
Charger

Manufacturer

Type

A.C. Tnput to charger KvVa
D.C. Qutput to charger KW
Type of D.C. voltage control

Range of D.C. voltage control \'%
Reguiation %
Overall dimensions mim
Total weight KG

Boost charge contactors:

a) Manufacturer

e

b) Maximum current rating
c) Coil rating W
d) Method of inter-locking
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8.0

Tiem

Alarm relays:

a) Manufacturer
b) Type and reference
¢) Power consumption:
i) Quescent
iy Operated

Number and rating distribution circuis
Gverall dimensions
Total weight

D.C. Switchboards

Manufacturer
Type of construction

Busbars:
a) Maximum current rating
b) Dimensions

NEUTRAL EARTHING EQUIPMENT

Ttem

Neutral Isolators

Manufacturer

Type

MNumber of breaks per pole

Type of contacts

Material of contact surface

Normal rated current

Maximum short time current (3 seconds)
Air gap between poles of one phase
Type of operating mechanism

Total weight of singie phase isolator compiete
Design voltage

Mimmum dry flashover

Mimmum wet flashover

i minute dry test

QOverall dimensions

Resistors

Type (liquid or metal grid)
Current rating (10 Secs)
Resistance at 30 Deg. C
Electrolyte quantity (where applicable)
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mm
KG

RMS KA

mimn

KG
KV
KV
KV
KV

mirn

Amps
Chms
Litres



9.0

Dimensions:
Height overall
Diameter

Plate thickness

Bushings and electrode supports:

Nomunal voltage

Minimum dry flashover externally

Minimum wet flashover mternally
(in air above electrolyte)

1 Min. dry test

Neutral Current Transformers

Design voltage
Mimmum dry flashover
Minimum wet flashover
1 Min. dry test

Overall dimensions

FIRE FIGHTING EQUIPMENT

Item
10 Kg Dry Powder Wall Mounting Extinguisher

Manufacturer
Dimensions

Weight

Type of dry powder
Test pressure

Working pressure

45 KG Dry Pewer Mobile Extinguisher

Manufacturer
Dimensions

Weight

Length of hose
Type of dry powder
Test pressure
Working pressure
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mm

KV
KV

KV

KV
KV
KV
KV

min

Kg

Kgfem?2
Kgfem2

Kg

Kg/em?2
Kgfem?2
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199 Litres Foam Mobile Extinguishers

Manufacturer

Dimensions

Weight

Length of hose

Type of dry powder

Test pressure

Water Sprinklers

132KV and 33KV - XLPE CABLES

S.Nao,

10

11

12

Desciription

Make

Standard to which cable conforms

Voltage between phases of '3 phase circut

Number of cores

CONDUCTOR

{Cross Sectional Area Matenal

Design Overall dimensions

CONDUCTOR SCREEN

(Matenal thickness)

INSULATION

{Material Min. radial thickness)

CORE SCREEN

{Material Nominal thickness)

METALLIC LAYER OF SHEATH
{Material No. of stnps — Size of strips —

Nominal thickness
Outer diameter

OUTER COVERING

(Material Min. thickness Anti termite deterrent)

COMPLETED

(Overall diameter
Weight per metre
Max. drum length

MAXIMUM DIELECTREIC STRESS at the conductor screen

(assumed smooth)

Kg

Kgfem2
Kgfem?2

KV

mim

MV/m



13

14

15

16

17

18

19

20

21

22

23

24

25

MAXIMUM CONDUCTOR TEMPERATURE
1aid direct mn ground

Drawn into ducts

Erected 1 air

MINIMUM RADIUS OF BEND round which cable can be laid
(Laid direct

(In ducts

{In air

Nominal internal diamter of pipes or ducts through which cable may be pulled

MAXIMUM D.C. RESISTANCE of conductor per mitre of cable
at 20 Deg. C

MAXIMUM A.C. RESISTANCE of conductor per metre of cable at max.
conductor temperature

EQUIVALENT STAR REACTANCE permetre of 3 phase circuit at 50Hz

MAXIMUM ELECTROSTATIC CAPACITANCE per metre of cable

MAXIMUM CHARGING CURRENT per conductor per metre of
cable at nomunal voitage

CURRENT CARRYING CAPACITY
(See Ref. 25)

Laid in the ground : One circuit

Two circuit
Drawn into single One circuit
Way ducts : Two circuit
In air : One circuit

CONDUCTOR SHORT CIRCUIT CURRENT carrying capacity for one
second, cable loaded as above second, cable loaded as above before short
circuit and final conductor temperature 250 Deg. C

METALLIC LAYER OR SHEATH LOss of cable per metre of 3 phase
circuit at normal voliage, normal frequency and operating oil pressure at
circuit rating as stated in Ref . 20.

METALLIC LAYER OR SHEATH EARTH FAULT CURRENT
carrying capacity for one second, cable fully loaded pror to earth

fault and final screen temperature of

CABLE DRUMS
{Diameter

(Width

(Weight loaded
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°C
°C
°C

=i

mm

Ohm

Ohm

Ohm

pF

e - e

KA

°C

Kg



26 Conditions upon which current carrying capacities are based

Axial spacing between phase cables mm
Axial spacing between circuits mm

Soil thermal resistivity Deg. C-m
Ground temperature °C

Air temperature °C

Burial dépth m

Type of earth bonding

11.0 AUXILIARY LV POWER CABLES

Ref. Description Unit Types
1 Voltage Volts
2 Class of cable
3 No. of cores
4 Conductor ¢.s.a. mm?2

Type and Materials

5 Insulation Material Thickness mm

6 Armour Thickness mm

7 Armour — No. of wires
Dia. of wires

8 Other covering matenal thickness mm
9 Completed cable overall

dia. Weight per metre Kg
10 Maximum D.C. resistance of conductor at 20 Deg. C. Ohms

12.0 AUXILIARY CONTROL CABLES

Ref. Description Unit Types
1 Voltage Volts

2 Class of cable

3 Number of cores

4 Conductor (Cross section area mm2

{Type and matenal
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5 Insulation (Material Thickness mm

6 Armour Bedding (Thickness mm
7 Armour (No. of wires

{Diameter of wires mm
8 Outer covening (Material Thickness mm
9 Completed Cable

(Overall diameter

(Weight per metre Kg

(Maximum drum length m
10 Maximum D.C. resistance of conductor per km of cable at

20 Deg. C Ohm

13.0 POWER LINE CARRIER

Description

HIGH FREQUENCY LINE COUPLING EQUIPMENT

Line Traps

Manufacturer

Type of numbers

Nominal current rating Amps
Coil mductance
Weignt of line trap Kg
Temperature rise at normai rating °C
Thermal short circuit rating

2 seconds KA

3 seconds KA
Dynamic short circuit rating KA
Temperature rise at short circuit rating °C
Working tension of strain mounted units Kgm
Bandwidth blocked kHz
Attenuation in blocking band db
Minimum impedance in working bandwidth Ohms
Non compatibility with IEC

Recommendations 353 Yes/No

If yes, enter in Schedule M
Departures from specification

HF COUPLING UNITS

Manufacturer

Type of number
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Available bandwidth

Tuning range

Composite loss over tuning range

Line side impedance range
Phase/Earth coupling
Phase/Phase coupling

Equipment side impedance

Drain coil current cartying capacity
Continuous
For 1 second

Isotation transformer voltage
For I minute

Main arrestor voltage

Secondary arrestor voltage

Earth switch interlock with door

Non compatibility with IEC Recommendation 481

If yes, enter m Schedule A Departures from Specification

COUPLING CAPACITORS

Manufacturer

Type of number

Mounting

Weight

Rated capacitance

Coupling capacitor insulation
Test
AC test
Impulse withstand voltage

Suitability for line trap
Mounting

Creepage distance

HIGH FREQUENCY CABLE

Manufacturer
Type of number
Coaxial or Quad
Surge impedance
Voltage withstand
Between conductors
Between cores and armouring
Attenuation per kilometre
At 50 kHz
At 500 kHz

CARRIER HIGH FREQUENCY UNITS

Manufacturer

Type number

140

kHz
kHz
db

Ohms
Ohms
Ohms

Amps
Amps

KV
KV
volts
Yes/No
Yes/No

pF

KV

KV

Yes/No

Ohms

KV
KV

db
db



Working temperature range
Working voltage

Normal D.C. v
Normal A.C. A%
Supply frequency : Hz

Power consumption of fully equipped terminal
Side bands (4 klz)
Type
Transmit/Receive spacing
Transmat/Transmit spacing
Speech bandwidth
VFT channel working availability
Automatic gain control
Telephone signalling
Channel synchronising
Virtuat carrier frequency stability
Carrier frequency variations with temperature (state range) Hz
L.F. moduiation frequency

Terminal power at output to coupling equipment
Carrier terminal output 1mpedance
Transmt return loss
Maximum transmitting level for parasitic signais
At 300 Hz outside the limits of the H.F. channel
At more than 12 Hz outside the limits of the H.F. channel
Receiving level range at H.F. mput
Maximum
Mimmum
Output power (PEP) before hybrid
At coaxial cable
Vanation of speech level with respect to recieved H.F. level
Speech channel charactenistics without companders
Nominal overall frequency response,
4 Wire to 3 wire relative to 800 Hz
300 Hz
1000 Hz
1600 Hz
2000 Hz
2400 Hz
Overall 800 Hz transmission 1oss
4 wire to 4 wire
2 wire to 2 wire
4 wire/2 wire switching availability
Nomuinal levels
4 wire transmit
4 wire receive
2 wire transmut

2 wire receive
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°Cto °C

+ Or-
+ or -
+ or -
Watts

kHz
kHz

°C to °C
kHz

Watts
Ohms
db

dbm
dbm
Watts
db

dBm0
dBm0
dBm0
dBm0
dBm0

db
db
Yes/No

dBr
dBr
dBr
dBr



VFT channei characteristics
Nominal levels
4 wire transmit
4 wire receive
Frequency difference between VFT input and VFT output between a parr of ferminals
Weighted telephone noise measured at the speech output of a pair of termmals
without companders
Pulse distortion of the signalling channel at a speed of 10 pulses per second
Non compatibility with IEC recommendation 495
If yes, enter 1n Schedule M Departure from specification

TELE PROTECTION EQUIPMENT - ‘DIRECT’ TRIPPING

Manufacturer
Type
Power consumption

a) Quiescent

b) Trippmng
VFT channel allocations
VFT channe! oscillator accuracy
VFT channel bandwidth required
Detail coding of signals
Channel signalling speed from receipt of initiation to output control closure
Duration of output pulse
Dependent of duration of input pulse
Alarm facilities

Transmitter fail

Receiver level low

Receiver fail

TELE SIGNALLING EQUIPMENT FOR TELE CONTROL SYSTEM

Bandwith per channel
Speed of channe}
Cenire frequencies
VF channel frequency accuracy
Minimum signal/Noise ratio
Modem power supply
Input impedance
Output impedance
Temperature range
CCITT recommendation compatibility

TELEPHONE EQUIPMENT

Manufacturer and Type Nos.

Working voltage
Normal

Types and lengths of signalling impulses for
Selecting

Seizing of a carrier channet
142

dBr
dBr

dBmOP

Yes/No

V+or-
Watts

Hz
+ or - Hz

m Sec
m Sec
Yes/MNo

Yes/No
Yes/No
Yes/No

+ or - Hz
db

Chms

Ohms
°C to °C

V +or -



Reieasing of a carrier channel

Selective releasing of break m communications
Private exchanges

Number of HF Lines

Number of extensions

Number of smnultancous conversations

a) Trunk lines to extensions

b) Extension to trunk lines

¢} Extension to extension

d) Transit calls

Current consumption when all common equipment 15 1n use Amps

BATTERIES, CHARGERS AND D.C. SWITCHBOARDS ETC.

Batteries

Manufacturer

Type

Voitage Volts
Electroiyte

Capacities at 10 hour rate AH,
Number of cells

Voltage per cell Volts
Normal float charge rate Amps
Maximum boost charge rate Amps
Ampere hour efficiency at 10 hour rate %
Ampere hour efficiency at [ hour rate %
Size of cell hxwxd
Weights of cell complete with electrolyte Kg
Internal resistance of batteries when charged Ohms
Chargers

Manufacturer

Type rectifiers

Nominal input voltage

D.C. output of rectifiers

Type of D.C. voltage controi

Range of float D.C. voitage controi .
Hand control Volts
Automatic control Volts

Range of boost D.C. voitage control

Hand control Volts
Automatic control Voits
Rectifier transformer input rating KVA

D.C. switchboard
Type of switches
Type of fuses
Distribution circuits (numbers and ratings) Amps
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DETAILED SCHEDULE OF EQUIPMENT

Item No. Item

1 Telephone exchange (PAX) capacity

a) Number of extensions
b) Number of trunk lines
¢} Number of connecting links

2 Power line carrier equipment

a) Maximum output power, per carrier terminal to line
b) Sideband configuration erect/inverted
¢) VF frequencies proposed for tele protection

3 Power supplies

a) Battery type
b) Total battery capacity at 10 hour rate
¢} Maximurmn simultaneous demand on battery
d) Charger type
e) Charger rating
f) D.C. distribution board
i) Mounting 1 charger

ii} External to charger

iii) Number and rating of fused outlets (Positive ieg of outler to include
link)
g} Number of cells

4 Dimensions of Appartus cubicles length x depth x height metres

a) Telephone exchange

b) Power line carrier equipment
c¢) Battery charger

d) Teleprotection channels

e) Isolation transformers
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132KV 3 POLE DISCONNECTOR AND EARTHING SWITCH

S. No.

10

11

12

13

14

15

16

17

Description

Manufacturer

Disconnector type

Type of number

_mobms_.\mmn:m:m switch type No.
Isolator/Earthing switch drive

Rated voltage

Rated frequency

Rated current

Short time switch stand current (isec) (isolator KA rms)
Ditto — but for earth switch

Peak withstand current (isoiator)

Peak withstand current (earth switch only)

Making current (peak, earth switch only)

Lightmng impulse vottage (1.2/50 us) withstana of disconnector

— line to earth
~ ACross open isolator

One min, power frequency withstand
— line to earth (50 Hz)
— across open insutator (50 Hz)

Insulator creepage distance

No. of smapre auxiliary contacts

LA FAN "mﬂ_l._
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Particulars

KV

KA rms

KA peak

KA peak

KA peak

KV peak
KV peak

KV rms

mimn
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