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1. GENERAL CONDITIONS

11 Scope

There specifications cover the minimum technical requirements for the design, manufacture, testing in
the Manufacturer’s workshops, supply and delivery, transportation to the Site(s), erection, installation,
field-test, and commissioning of 22 kV indoor switchgear, complete in every respect with all
components and necessary accessories for reliable continuous operation, even if not all details are
expressively stated in these specifications, operated with a Computer Based Control System (CSCS)
remotely or locally operated.

1.2 Reference Standards

All design, calculations, materials, equipment required within the scope of works, manufacture,
construction and testing shall conform as a basic requirement with the latest edition of the following

standards:

IEC 60044-1 Instrument transformers — Part 1 : Current transformers

IEC 60044-2 Instrument transformers — Part 2 : Inductive voltage transformers

IEC 60071 Insulation co-ordination

IEC 60255 Electrical relays

IEC 60265-1 High — voltage switches — Part 1 : Switches for rated voltages above 1 kV and less
than 52 kV

IEC 60282 High - voltage fuses — Part 1 : Current — limiting fuses

IEC 60298 AC Metal - enclosed switchgear and controlgear for rated voltages above 1 kV and up
to and including 52 kV

IEC 60529 Degrees of protection provided by enclosures ( IP Code )

IEC 60694 Common specifications for high-voltage switchgear and controlgear standards

IEC 60909 Short - circuit currents in three-phase a.c. systems

IEC 60947 Low - voltage switchgear and controlgear

IEC 62271-100 High - voltage switchgear and controlgear — Part 100 : High voltage alternating -
current circuit-breakers

IEC 62271-102 High - voltage switchgear and controlgear — Part 100 : Alternating current
disconnectors and earthing switches

IEC 62271-105 High - voltage switchgear and controlgear — Part 105 : Alternating current switch —
fuse combinations

And all other relevant TIS or IEC standards, unless otherwise specified in these specifications.
The latest edition of each standard shall mean the edition available on the date of signing the Contract.

If not applicable equipment shall comply with relevant standard.
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ASTM American Society for Testing and Materials

IEEE The Institute of Electrical and Electronics Engineers
NEMA National Electrical Manufacturers Association

TIS Thailand Industrial Standard Institute

ANSI American National Standard Institute

AWS American Welding Society

SSPC The Society For Protective Coating

For standards and regulations not covered by the above-mentioned standards and regulations, other
internationally recognized standards and regulations may apply, if approved by the Authority.

13 Principal Requirements

1.3.1 General

The switchgears for 22 kV system shall be of metal-clad air insulated switchgears with withdraw able
vacuum circuit-breaker.

The switchgears shall be of a type tested, factory assembled, standardized design for freestanding
indoor installation. Each switchgear cubicle shall be completely mounted and wired with all
instruments, protective devices, and equipment installed and tested at the factory.

The cubicles shall be lined up side by side and be individually separable. The operating side of the
switchgear shall be aligned, a displacement of the front of switchgear cubicles shall not be accepted.

The switchgears shall be manufactured such that ingress of dust, vermin, and small objects is prohibited
The switchgear shall be protected against corrosion under stated environmental conditions. All steel
surfaces which are not galvanized shall receive a standard protection. As a minimum following standard

painting conditions shall be applied:

The enclosure shall be prepared and painted with a high-solid epoxy coating as specified below. The
paint shall be gray RAL 7032.

Surface Preparation:

All steel surfaces shall be prepared per SSPC-SP2, 3, 6, 7, 10, 11 or the paint manufacturer’s
recommendations. Exceptions to the manufacturer’s requirements shall be approved by the paint
manufacturer and provided with the submittal documents.

Inaccessible Surfaces:

Prepare and coat steel surfaces inaccessible to preparation and coating after fabrication with all coats
before fabrication. Inaccessible surfaces shall be considered Zone 2A per SSPC specifications.

Primer Specification:

All surfaces, inside and out, shall be primed with a High-Solid Epoxy (primer coat shall have a 2 to 4
mil dry film thickness) paint. The primer shall have following minimum performance and properties:
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e Salt Spray (ASTM B117) 3000 Hours with no face blistering

e  Humidity (ASTM D2247) 750 Hours with no face corrosion or blistering

e Immersion (NACE TM-01-69) fresh water 1 year with no blistering

e Abrasion resistance (ASTM D4060) 1kg load/1000 cycles, CS-17 wheel: 102 mg weight loss.
e Impact resistance (ASTM D2794): Direct 24 in.Ib and Reverse 6 in.lb.

e Moisture vapor transmission (ASTM F1249): 4.49 g/m?.

e Adhesion (ASTM D4541): 900 PSI

e NFPA Class A Qualification

Top Coat Specification:

All surfaces, inside and out, shall be top coated with a High-Solid Epoxy paint with a dry film thickness
of 2 to 4 mils. This will provide a total dry film thickness of 4 mils minimum and 8 mils maximum. The
minimum acceptable measure total dry film thickness shall not be less than 4 mils.

The paint utilized on the top-coat shall have the following properties:

e Salt Spray (ASTM B117) 5500 Hours with no face blistering

o  Humidity (ASTM D2247) 5500 Hours with no face corrosion or blistering

e  Gloss retention (ASTM G53) QUV-B bulb: Greater than 50% gloss retention at 26 weeks.

e Elongation (ASTM D5222) 14%

e Abrasion resistance (ASTM D4060) 1kg load/1000 cycles, CS-17 wheel: 53 mg weight loss.

e Impact resistance (ASTM D2794): Direct 24 in.Ib and Reverse 6 in.lb.

e  Adhesion, elcometer (ASTM D4541): 2700 PSI

e NFPA Class A Qualification

Paint shall also provide excellent chemical resistance to splash, spillage, fumes and weather for acidic,
alkaline, salt solutions (acidic, neutral, and alkaline salt solutions), fresh water, solvents and petroleum

product environments.

The switchgear design shall allow for future extension on either end without modifications to existing
cubicles.

All the switchgear cubicles shall be mounted on base frames specially provided for this purpose.

For maintenance purposes easy direct access from outside shall be possible to each compartment.
Separating walls between the compartments shall provide complete protection of live parts in
neighbouring compartments.

To fulfill the high safety requirements for personnel, the switchgear shall be designed to provide
ultimate protection in the event of an arc fault, i.e. for the design of high-voltage switchgear, IEC
60298, Appendix AA, internal fault shall be applied at every high-voltage compartment (e.g. busbar
compartment, switching device compartment, and cable connection compartment) of AlS.
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In case of an internal arc the effects of the arc shall be limited to the compartment concerned, the
separating walls shall withstand the pressure and shall not blow, no secondary arc shall occur in another

compartment.

All operations (such as in/out service, manual close, manual open and manual charge spring) of the
truck/rack, circuit-breaker and earthing switch for cable earthing shall be executed from outside of the

cubicle without the need to open any cubicle door.

Each switchgear cubicle shall be provided with an earthing bus, copper flat bar of not less than 150
mm?2. cross-sectional area, running through the length of the switchoard with connecting points in each
cubicle for earthing leads. This earthing bus shall be connected to the substation earthing system at least
at four (4) points for each main bus section. All grounding terminal of high-voltage equipment shall be

grounded through earthing bus.

Indicating lamps shall be provided on each cubicle, showing each phase energization condition.

Alarms will be transferred to CSCS and annunciator.

1.3.2  Site and Service Conditions

The equipment shall be capable of operating at its full ratings under site and service conditions as

mentioned below.

The switchgear room has no air conditioning system.

Seismic activity: 0.1g
Maximum wind speed: (=100 km/h)
Maximum recorded rainfall: 250 mm/day
Number of days with thunderstorm: 100 days/year
Average rainfall: 20 mm/day
Mean maximum annual relative humidity: 94%

Mean minimum annual relative humidity: 79%
Minimum daily relative humidity: 17%
Maximum temperature of surfaces exposed to sunbeam: 80°C

Mean minimum daily temperature: 24°C
Maximum ambient temperature: 40°CW
Minimum ambient temperature: 11°C

@ according to IEC 60694 over 40°C will be possible under special requirement.

Spec. No. 4 : 22 kV — Indoor Metal Clad Air Insulated Switchgear

Page 6 of 19




Consulting Services for Substation Design and Standard Drawing and Specification Preparation of
Transmission System and Substation Development Project
Task 5 : Standard Specification

2.1

211

EQUIPMENTS CHARACTERISTICS

Air Insulated Switchgear (AIS)

Requirements
The switchgear shall be suitable for indoor installation.

Each switchgear cubicle shall be of rigid, torsion resistant, sheet steel construction with 2mm at least in
thickness (except pressure relief flap), built as self-supporting structure. Barriers between the primary
section of adjacent units and between the primary major sections of each circuit shall not be less than 3
mm. All other covers, barriers, panels and doors shall be not less than 2 mm. The cubicle shall be
divided into at least four (4) compartments partitioned as follow:

e Bushar compartment

e  Switching device compartment
e  Cable connection compartment
e Low voltage compartment

Each compartment (except bushar one) can be maintained separately, ensuring other feeders service will
continue.

To minimize the possibility of communicating faults between primary sections shall have no intentional
openings. The automatic shutters shall be provided in the stationary structure to prevent accidental
contact with live parts of the primary circuit when the removable element is in the test position,
disconnected position, or has been removed.

Metal-clad switchgear shall be dust-proof enclosure suitable for indoor tropical installation. All exposed
ports of metal-clad switchgear. The switchgear shall be suitable to be installed on uneven concrete
floor. Any materials for floor level adjustment shall be supplied.

The switchgear shall be at least installed for a distance of 1.5 m from the walls and ceilings of
switchgear room. Free access from the front of switchgear shall be at least 2 m. allowing walking access
for operation and maintenance.

The switchgear shall be delivered as minimum disassembled units as possible to assure high reliability
of the switchgear and to shorten the installation period. Nevertheless the unit shall have the weight and
dimensions that it can be transported and lifted to the floor by conventional means. Suggested method
shall be described in the bid.

The switching device compartment shall be provided with a pressure resistant front door equipped
mechanical indicating mechanism and the mechanical operation cycle counter. This front door shall be
hinged door and equipped with door latch and suitable lock to prevent unauthorized access. The fixed
mating contacts mounted in the through bushings to busbars and cable connection compartment shall be
covered by automatically acting shutters. Theses shutters shall be interlocked with the withdrawable
circuit-breaker and shall be in closed position when the circuit-breaker is in the test/isolated and
removed positions.

It shall be possible to open the shutters only with tools for testing purposes. These special tools shall be
supplied, one set for each bus section.

The front door of the switchgear cubicle shall be able to open when the circuit-breaker is in the
test/isolated position only.
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2.1.2

2.13

214

The cable connection compartment shall be generously designed to allow easy connection of up to two
(2) parallel circuits. The built-in cable mounting brackets shall be adjustable.

All high-voltage compartments shall be equipped with separate pressure relief on cubicle top, to ensure
quick and safe release of pressure if an arc fault develops without endangering personnel standing in
front of or adjacent to the cubicles.

Any formation of condensation water shall be prevented by appropriate heating in each compartment of
a cubicle (low-voltage compartment, busbhar compartment, switching device compartment, and cable
connection compartment), through space heaters with hygrostat, single-phase 230 VAC, with common
circuit-breaker for each cubicle.

After commissioning no cable access shall remain open. All the openings without cables shall be fitted
with pressure-tight screw plugs.

The floor of the cubicle shall be provided with removable fire-resistant plates suitable for tightly sealing
outgoing and incoming cables to prevent vermin. Peculiar care shall be taken during installation to
prevent rodent from settling between cubicle and ground.

Where building beams obstruct access, dummy cubicle shall be provided.

Control Devices

Switchgear cubicles shall be provided with the following indication and control devices:
(a) Switchgear equipment position indicators and local controls

(b) Emergency mechanical manual trip for circuit-breaker without opening front door.
(c) Alarm and indication equipment

(d) Measuring and control equipment

(e) Local/Remote control switch for all available remote control devices.

(f) Capacitive voltage indication. (if any)

(9) Autoreclose switch

Cubicle Size

Cubicle size should not be more than:
Width  1.1m for outgoing feeders
Height 2.5m

Depth  2.3m

Ratings

Ratings are specified in Appendix 1 attached to this specification
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2.15

2.16

Low-Voltage Compartment

For equipment installed in the low voltage compartment, refer to specification No 11 : Control ,
Protection and Measures.

For wiring, refer to specification No 15 : Small wiring
The low-voltage compartment shall be designed, as follows:

(@) To be completely partitioned off from the high-voltage sections and have a separate hinged
door to ensure that personnel working on the low-voltage compartment are not on danger.

(b) To be furnished with 230 VAC interior lighting controlled by a door switch.

(c) To have ample space to accommodate all protective devices, metering instruments,
connections to Computer-based Substation Control System (CSCS), secondary control
equipment, miniature circuit-breakers, terminals, etc.

(d) All equipment mounted on and suspended from the door shall be fastened in such a way that
the door will neither be subjected to torsion nor deformed. Manually operated equipment
(switches, resetting of protective devices (relays), etc.) shall be mounted not higher than 1,700
mm above floor.

Annunciators
Annunciator unit shall be installed at bus tie cubicle for each busbar.

Each annunciator system shall be of the solid-state type consisting of an annuciator module, input/out
module, a connection module, a power supply module, a flashing device, and an annunciator horn relay.
Each annunciator horn relay shall be wired to initiate the common horn. One common horn shall be
furnished for each substation. The annunciator system shall operate from DC source with rated voltage
125 VDC.

Each annunciator system shall be compact and integrally mounted in a dustproof, back connected,
flush-mounted switchboard type cabinet. Each annunciator shall have 16 alarm points including push
buttons for the following functions: “Silence the alarm”, “Acknowledged”, “lamp reset” and “lamp
test”. Each window shall be provided with a light-emitting diode and shall have a nameplate, covered
with a translucent material, writing with black letters. Each alarm point shall be designed to operate
either with field contact that closed for alarm or open for alarm.

A red group pilot lamp for indication of annunciator operation and a white indicating light assembly for
monitoring availability of annunciator potential shall be furnished, separately mounted and wired with
each annunciator system. They shall be suitable for mounting on the control board panel face.

The alarm horn shall be of the vibrating type, and shall be suitable for surface mounting inside the
switchboard.

Each horn shall be furnished, mounted and wired inside the switchboard as specified and wired
complete with a horn switch with 125 VDC rating and shall be also be mounted and wired inside the
switchboard.

All signal inputs and outputs of annuciator modules shall be provided with optical couplers and RC
filter circuits for high voltage surge protection.

Each annunciator shall be provided with a self-supervision system for continuously monitor the
hardware and the solfware of the unit. The self-supervision shall also monitor and supervise the
operation of the power supply module.
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Each annunciator assembly shall be equipped with a serial interface at the rear port to provide
communication with the remote computerized control system.

Each shall be provided with an event register, which stores at least last five events in chronological
order. The event register can be read and displayed on the front panel or via the serial interface.

Each power supply shall be of the DC-to-DC converter regulated type and designed to protect it from
high voltage and surge and to provide transient surge isolation between the station battery and the
sensitive electronic components of the annunciator system. Each power supply shall be provided with
necessary equipment to protect it from overloads that occur on the output side of the power supply.
Each power supply shall include input reversed polarity protection and overvoltage and short circuit
protection on the logic voltage supply. In the event of a short circuit on the power supply output, no
damage will occur to the power supply.

Each annunciator system shall be designed for continuous operation at any voltage from 80 per cent to
120 per cent of rated voltage as specified and at a range of ambient temperatures of 10°C to 50°C and 0
to 94% humidity.

The annunciator operational sequence shall be manual lamp reset type and shall conform to the
following table :

Visual
Designated Event Audible
Annunciator Group Pilot
Lamps Lamp
Normal Off Off Off
Alert Bright flashing On On
Acknowledged Steady On Off Off
(Horn Reset)
Return to Normal Steady On Off Off
Return to Normal Bright flashing On On
before Acknowledge
Acknowledged Steady On Off Off
(Horn Reset)
Reset Off Off Off
Functional Bright flashing On On

Each annunciator shall be designed so that the closing of a trouble contact shall flash the annunciator
lamp, light the group pilot lamp and sound the alarm.

The operator shall then be able to silence the alarm, stop flashing and extinguish the group pilot lamp
by pressing the horn reset pushbutton and extinguish the annunciator lamp by pressing the lamp reset
pushbutton, provided the trouble contact has been opened.

Operation of the lamp reset pushbutton shall not cause the alarm to sound. Release of the pushbutton
shall not cause the alarm to sound again whether or not any trouble contacts are still closed. Operation
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2.1.7

2.2

221

of an annunciator lamp shall not interfere with or cause false operation of any other annunciator lamp
whether operated simultaneously or in sequence.

Wrong operation of any pushbutton shall not cause malfunction to the correct operation of the system.

Operation of the test pushbutton shall simultaneously simulate inputs and exercise the logic of each
alarm point.

Operation and Maintenance Tools

All specific tools, needed to operate and maintain the switchgear, shall be provided .The following list
is given as example and shall not be limited to listed items:

e  Truck lifter to withdraw and move circuit breaker.
e Manual close and open

e  Manual charging spring device.

e Earthing handle

At least one piece of each of these tools shall be provided for each bus bar section.

Circuit-Breaker

Requirements

The circuit-breaker shall be of the vacuum type in accordance with IEC 62271-100 standard with the
ratings conforming to following items.

e The circuit-breaker shall be capable of making and breaking all values of every rating up to the
rated short-circuit value without the occurrence of restrikes or excessive overvoltage.

e The circuit-breaker shall be electrically trip-free and having anti-pumping circuits and operated by
a spring mechanism rewound by a DC motor.

e The circuit breaker shall have a storage operating ability to perform a O —CO sequence. If the
energy storage is not fully recharged with a predetermines time, further operation shall be blocked
and suitably indicated and alarmed.

e Time operation for spring charging, shall be monitored. Corresponding motor supply shall be
automatically cut off and an alarm activated after 20 seconds delay.

e Manual emergency operation shall be possible.

o It shall be possible to operate mechanically the circuit breaker. Closing of the circuit breaker shall
be possible for maintenance operation.

e To ensure the personal safety of the operator it shall only be possible to trip the circuit-breaker
from outside of the closed cubicle front door by direct acting mechanical linkages

e An operating counter shall be furnished

e The circuit breaker shall be equipped with open/close position indicator.
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2.2.2

2.2.3

2.3

e Emergency manual charging operating mechanism shall be possible and necessary equipment
provided.

e Auxiliary contacts (4 normally open and 4 normally closed), shall be wired to the terminal blocks
of low voltage compartment for PEA future use . The auxiliary switches shall be wipe type self
leaning.

o In case of auxiliary relays are required for auxiliary contacts extension. Auxiliary contact used for
operation, monitoring and interlocking shall be mechanical latching relays.

The withdrawable circuit breakers of sturdy design, free of distortion and run easy without ramp or
slope. The circuit breakers shall be moved from service to test-isolated position and vice versa with
closed cubicle front door. Cubicle shall be equipped with position indicator, truck-in/truck-out.

The circuit-breakers shall be easily and effortlessly removed and placed back into its test position by
one person. Circuit-breakers of the same rating and control scheme shall be completely interchangeable.

Plug-in type connections shall be provided for all auxiliary circuits between the circuit-breaker and the
fixed part of the switchgear cubicle.

The plug contacts shall be arranged that the withdrawable circuit-breakers are universally
interchangeable without alteration of the wiring.

Ratings

Circuit breaker ratings shall be as stated in the following table:

Description 22 kV System

1. Rated Voltage kv 24

2. Rated short time breaking current kA 25

3. Rated short circuit making current kA 63

4. Rated duration of short circuit sec 1

5. Rated operating sequence 0-0.35-C0O-15s-CO
6. Rated autoreclosing duty 0-0.3s5-C0O-15s-CO
7. Rated total time break ms Not more than 70

Interlocking System

The interlocking system shall positively prevent the operator from reaching or creating unintentionally
dangerous, or potentially dangerous condition.

The system that can be defeated without the use of tools and/or brute force shall no be accepted.

The interlocking system shall be secure and logical and shall fulfill ultimate safety requirements.

Earthing Switch

The earthing switches shall be designed to withstand full short circuit current

Ratings shall conform to those specified in Appendix 1.
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24

24.1

24.2

25

25.1

Earthing switches shall be of three-phase, fault-making type and shall be provided at the cable side or
bus side of each circuit-breaker and load-break switch.

The earthing switches shall be hand operated. Operation of earthing switches shall be performed from
outside of the closed door.

Position of earthing switch shall be clearly indicated on the corresponding cubicle.
An interlocking system shall be performed with corresponding circuit-breaker by mechanical

interlocking and in conjunction with 115kV disconnecting switch. Locking shall be performed by
magnet equipment.

Load Break Switch

Requirements

e A withdrawable loadbreak switch with fuse shall be provided to protect the station service
transformer.

e The loadbreak switch shall be designed for automatic, three-pole operation, in case one fuse or
more trips.

e The loadbreak switch shall conform to the IEC 62271-105 equipped with HRC fuses to the
IEC 60282-1. Operation of a fuse will be indicated through visible and audible alarm.

e The loadbreak switch shall be equipped with a three-phase, quick-acting, fault making earthing
switch.

e Ascircuit breaker, loadbreak switch and earthing switch shall be interlocked

Ratings

Load break will be used for 100 kVVA station service transformer the rated normal current for the fuse
will be 6 A.

Primary Busbar and Branch-Bar

Requirements
e  Busbar shall have ratings in accordance with Appendix 1.

e  Busbar shall have provision for absorbing thermal expansion and contraction no mechanical stress
will be allowed to impose on insulating parts.

e  Primary busbars and branch-bars shall be of high conductivity hard drawn electrolytic copper.
Busbars shall have high dynamic and dielectric strength with good heat dissipation, and a favorable
ratio of the load carrying capacity to the cross-sectional area.

o Busbars shall be of constant cross-sectional area throughout their length with branch-bars as short
and straight as possible, and supported by tight cast-resin insulators.

o Busbars shall be extendible at both ends; such extension shall be easily done with the minimum
possible disturbance to the existing busbars.
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252

2.6

2.6.1

Arc Detection System

The air insulated switchgear shall be equipped with efficient and reliable arc detection system which
shall be light detection system.

Total operating time of the arc detection system (included the circuit-breaker time) shall not be more
than 100 ms.

The light detection system shall be fiber-optic design and consist of a light or fiber optic sensor and
current sensor. The current sensor shall be instantaneous overcurrent relay connected to the current
transformer at the incoming switchgear and shall be able to detect less than 300 A current and the arc in
each high-voltage compartment.

Sensors shall have efficient performance and shall be able to detect the occurrence of an internal arc in
each high-voltage compartment. Location of detected arc fault shall be indicated at least for each
cubicle.

The arc detection system shall not be activated by interfering light sources, electro-magnetic influences,
vibration or touching.

The arc detection system when occurs in the incoming cubicle shall send the signal for tripping all
circuit-breaker which connected to the disturbed busbar including the 115 kV upstream circuit-breaker.
The corresponding disconnected circuit-breaker shall be locked against further closing operation. It
shall be possible to override this interlocking through an acknowledge switch.

Unaffected busbars shall remain in service.

In case of an arc activating the system, the activate signal shall be stored and shown on a display.

The offered arc detection system shall be designed for the switchgear application system and shall have
the previous field experience.

Instrument Transformer

General Design

Instrument transformers shall be of cast-resin insulated, dry type in accordance with IEC 60044-1 and
IEC 60044-2 standards. The current transformer shall be of post type or ring type having ratio-changing
on secondary side only.

The current transformer shall be furnished with short circuit device and spark gap at the secondary
terminal for over voltage protection caused by open circuit.

All instrument transformers of the feeder cubicles shall be mounted in the fixed part of the switchgear
and correspond to the designed short-circuit level of the switchgear.

The high-voltage side of the voltage transformers shall be protected with withdrawable high-voltage
HRC fuses

In case of current transformer, the secondary circuit shall be wired to the terminal blocks with short
circuit links at low-voltage compartment.

In case of voltage transformers, the terminals of unearth phase shall be provided with miniature circuit-
breakers installed with auxiliary signaling contact to annunciator and CSCS at the low-voltage
compartment.
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2.6.2

2.7

2.8

2.8.1

28.1.1

Bus wire of Busbar voltage transformer will be used for under/over voltage, frequency load shedding,
power factor regulation shall be furnished with miniature circuit-breaker with auxiliary contact for
branch circuit protection of each cubicle.

Voltage regulation will use voltage transformer described in specification No 6 : Power transformer.
Burden is the one required for each core simultaneously.

Current transformer shall be sized to fit with substation characteristics. It will be Bidder responsibility
to calculate accuracy and burden. Calculation shall be submit by the Contractor to Authority for
approval.

Ratings are specified in Appendix 2 attached to this specification.

Test Block

Separate test terminal shall be provided. All test terminals shall be arranged to isolate completely the
measuring and protective devices from the instrument transformers and other external circuits, and
provided means for testing either the measuring and protective devices or the instrument transformers.

The test terminal shall be either test block or test switch type. In case of test block type, the test plug
shall be provided.

PEA shall accept only the test block for protective device manufacturer from:

e ALSTOM
e ABB
e SIEMENS
e SEL

Protective Devices
Protective relays are described in specification No 11 : Control ,Protection and Measures.

Tests and Test Reports

Routine Tests

The switchgear shall pass the manufacturer’s standard routine tests in accordance with the reference
standards. The test report of the switchgear equipment shall state the following items:

Switching devices

o  Power frequency voltage tests on the main circuit
o Dielectric tests on control and auxiliary circuits

e Measurement of resistance of main circuit

e Mechanical operation test
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e Test of interlocking system
e Verification of correct wiring and labeling
e Interrupter travelling curve measurement
e  Electrical functional least
2.8.1.2 Instrument transformers
o Verification of terminal marking
e  Power frequency withstand tests on primary windings
o  Power frequency withstand tests on secondary windings
e Inter-turn over voltage test (current transformers only)
e Excitation curve check (current transformers only)

e Internal burden measurement (current transformers only)

2.8.2  Type Tests
2.8.2.1 Switchgear

The switchgear shall have passed the type tests in accordance with IEC 62271-100 and IEC 60298 as
follows:

e Dielectric tests

e  Temperature rise tests

e Measurement of the resistance of the main circuit

e Short time and peak withstand current test

o Verification of making and breaking capacities

e Mechanical operation tests

o Verification of degree of protection

e Arcing due to internal fault

The test for arcing due to internal fault shall be conducted at the international acknowledged reputable
independent testing laboratories which are members of Short Circuit Testing Liaison (STL) or of other
organizations approved by the Authority.

Bidders who have never submitted the type test certificates for type tests , have to submit them either
prior to receipt of bids or within fifteen (15) calendar days of the bid closing date, for saving bid
consideration time. The items offered without submitting the type tests certificates may be rejected.

2.8.2.2 Instrument transformers

The following type tests in accordance with the relevant IEC shall be made on one instrument
transformer of identical unit:
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e Short time current tests (current transformer only)

e  Temperature rise test

e Impulse voltage test

The type tests may be omitted if a record of the tests made on identical units can be furnished.

The cost of all tests and tests reports shall be borne by the Contractor.
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APPENDIX 1

22 KV INDOOR METAL CLAD AIS

Switchgear

The switchgears shall have the following design and performance criteria, or better:

Description 22 kV
1 Rated normal current, at special site and service conditions:
- for main bus bar A 2000
- for incoming feeder A 2000
- for outgoing feeder A 600/300
- for bus section circuit breaker A 2000
- for capacitor bank A 300
- for station service transformer A 6
2  Rated short time withstand current kA 25
3 Rated peak withstand current kA 63
4 Rated duration of short circuit sec 1
5 Degree of protection for control unit and auxiliary equipment IP4X
6 Degree of protection for cubicle and between compartments IP4X
7  Power supply voltage for closing and tripping coils VvDC 125
8 Nominal voltage kv 22
9 Maximum voltage rating kv 24
10 Power frequency Hz 50
11 Number of phases 3
12 Power frequency withstand voltage kv
- Phase to earth and between phasese 50
- Across open switching device and isolate distance 60
13 Lightning impulse withstand voltage kv
- Phase to earth and between phases 125
- Across open switching devices and isolated distance 145
14 Applicable standard IEC 60298
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APPENDIX 2

22 kV INDOOR METAL CLAD AIS

INSTRUMENT TRANSFORMER RATINGS

22 kV Metal Clad AIS Ratio Core N° Class Burden
Voltage Transformer for 22/93:/0.11N3 kV 1 0.5 50 VA
Busbar

22/93:/0.11N3 kV 2 3P 50 VA

Current Transformer for 1800-900/1 A 1 5P20 20 VA
Incoming feeder 1800-900/1 A 2 0.5 20 VA
1800-900/1 A 3 5P20 20 VA

1800-900/1 A 4 5P20 20 VA

Current Transformer for 600-300/1 A 1 0.5 20 VA
Outgoing feeder 600-300/1 A 2 5P20 20 VA
Current Transformer for 1800-900/1 A 1 5P20 20 VA
Busbar 1800-900/1 A 2 05 20 VA
Current Transformer for 300/1 A 1 0.5 20 VA
Capacitor bank 300/1 A 2 5P20 20 VA
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CONTROL, PROTECTION AND MEASURES
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1. GENERAL CONDITIONS

1.1 Scope

The control and protection switchboard shall be designed for the control and protection as indicated
by the drawings and as specified herein. Protective relays and their associated auxiliary relays shall
perform the functions as shown on the drawing entitled : “Protective Device Functions”, for each
substation. The Contractor shall furnish any necessary control and protection functions indicated,
mounted and wired as required, whether such devices are itemized herein or not.

Any modifications to the arrangement indicated or arrangement of equipment not shown shall be
subject to the approval of the Authority.

The protection system of the substations 115kV and MV is based on the principle of local back-up.
In some other terms, any fault occurring anywhere on an outgoing line, transformer or on the
busbar should be detected and cleared locally by the relays and circuit breakers located in the
substation concerned, before the distance or back-up relays located in the second zone, and
controlled by the adjacent substation can be operated. This should be the case under normal
operating conditions or in the event of the failure of one element of the protective chain - i.e. the
failure of a relay, circuit breaker, circuitry instrument, battery,

1.2 Reference Standards

All equipment, materials, fabrication and testing under this Specification shall conform to the latest
applicable standard specifications and codes contained in the following list, or to equivalent
applicable standard specifications and codes established and approved in the country of
manufacturer of the equipment. Where standards are mentioned by name, equivalent applicable
standards may be used.

IEC 60068-2-1 Environmental testing-Part 2 : Tests — Tests A : Cold
IEC 60068-2-2 Environmental testing-Part 2 : Tests — Tests B : Dry heat
IEC 60068-2-6 Environmental testing-Part 2 : Tests — Tests Fc : Vibration (sinusoidal)

IEC 60068-2-27 Environmental testing-Part 2 : Tests — Tests Ea and guidance : Shock

IEC 60068-2-78 Environmental testing-Part 2-78 : Tests — Tests Cab : Damp heat, steady
state

IEC 60255-3 Electrical relays — Part 3 : Single input energizing quantity measuring relays
with dependent or independent time

IEC 60255-5 Electrical relays — Part 5 : Insulation coordination for measuring relays and
protection equipment — Requirements and tests

IEC 60255-22-2 Electrical relays — Part 22 : Electrical disturbance tests for measuring relays
and protection equipment — Section 2 : Electrostatic discharge tests

IEC 60255-22-3 Electrical relays — Part 22-3 : Electrical disturbance tests for measuring
relays and protection equipment — Radiated electromagnetic field
disturbance tests

IEC 60870-5-103 Telecontrol equipment and systems — Part 5-103 : Transmission protocols —
Compassion standard for the informative interface of protection equipment

IEC 60947-1 Low-voltage switchgear and controlgear — Part 1 : General rules

IEC 60947-7-1 Low-voltage switchgear and controlgear — Part 7-1 : Ancillary equipment —
Terminal blocks for copper conductors
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IEC 61000-4-2 Electromagnetic compatibility (EMC) — Part 4-2 : Testing and measurement
techniques — Electrostatic discharge immunity test

IEC 61000-4-3 Electromagnetic compatibility (EMC) — Part 4-3 : Testing and measurement
techniques — Radiated, radio-frequency, electromagnetic field immunity test

IEC 61000-4-4 Electromagnetic compatibility (EMC) — Part 4-4 : Testing and measurement
techniques — Section 4 : electrical fast transient/burst immunity test, Basic
EMC Publication

IEC 61000-4-5 Electromagnetic compatibility (EMC) — Part 4-5 : Testing and measurement
techniques — Surge immunity test

Any details not specifically covered by these standards shall be subject to the approval of

Authority. In the event of contradictory requirements between such standards and this
Specification, the terms of the Specification shall govern.

1.3 Site and Service Conditions

The equipment shall be capable of operating at its full ratings under site and service conditions as
mentioned below.

The switchgear room has no air conditioning system.

Seismic activity: None
Maximum wind speed: (=100 km/h)
Maximum recorded rainfall: 250 mm/day
Number of days with thunderstorm: 100 days/year
Average rainfall: 20 mm/day
Mean maximum annual relative humidity: 94%

Mean minimum annual relative humidity: 79%
Minimum daily relative humidity: 17%
Maximum temperature of surfaces exposed to sunbeam: 80°C

Mean minimum daily temperature: 24°C
Maximum ambient temperature: 40°CW
Minimum ambient temperature: 11°C

@ According to IEC 60694 over 40°c will be possible under special requriement.

14 General Design
1.4.1  Details of Switchboard Construction

Each control switchboard, each control and protective relay switchboard, each protective relay
switchboard and each interposing relay cabinet, shall consist of an assembly made from not less
than No. 3.0 mm leveled sheet steel and formed steel members as required to form a rigid self-
supporting structure. No butt surface joints shall be made on the outside surfaces of switchboards
and cabinets. No holes or fasteners shall be visible as viewed from the front of the panels.
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Switchboards and cabinets shall be designed to have bottom sheets and each bottom sheet shall be
provided with gland plate which shall be made of a non-magnetic metal. Each gland plate shall be
provided with adequate quantity of holes for control cable entrance from underneath the
switchboard and cabinet. They shall be furnished with channel bases. The front and rear panels of
the switchboards and the cabinets shall have bent angle or flange edges with an outside radius not
exceeding 10 mm.

The construction details of the switchboards shall be as shown on Drawing No. OOT10N.

Finished panel surfaces shall be free from waves, bellies, or other imperfections. Exterior and
interior surfaces shall be cleaned by sanding and steam cleaning, ground smooth, filled, primed,
sanded and shall be finish-painted inside and outside with RAL 7032.

1.4.1.1 Control Switchboards
Each control switchboard shall be of the enclosed type.

Each enclosed switchboard assembly shall consist of basic panel assemblies, and necessary bolted-
on floor channels, top sheets, and rear enclosure covering the back. Access to each switchboard
section shall be provided by two hinged flat rear doors. The access doors shall be equipped with
locks, latches, fully concealed hinges and handles.

Both sides of each control switchboard shall be enclosed.

End trims of the two end sections shall be readily removable so as to permit future control boards
to be installed at both ends.

Mounting brackets as required shall be arranged on the rear of panels for mounting auxiliary
equipment. They shall be located to allow access to the back of the equipment mounted on the
front of the panels.

If the auxiliary equipment mounted on the brackets prevent access to the rear of the equipment on
the front of the panels, then mounting brackets shall not be acceptable and the auxiliary equipment
shall be mounted on hinged panels instead.

The enclosed switchboard panel size shall be 1,000 mm deep. The height, channel base, and panel
width shall be as indicated on the drawings entitled : "Control Switchboard and Swing Rack type
Protective relay Switchboard Equipment Layout" for 115 kV Breaker and a Half (with / without
transformer) Substation.

The detail of each enclosed switchboard shall be as shown on Drawing No. OOT10N.

All control, selector, recloser cutoff and other switches shall be of the direct control type without
using any interposing relays.

There shall be furnished in the control switchboard one fluoresent lamp, mounted and wired inside
the top of the switchboard for interior lighting and controlled by a cutoff switch on the hinged rear
door, so that the panel light is automatically extinguished when the door is closed. One duplex
receptacle outlet of single-phase, 2-pole, 3-wire grounded type 15A at 250 V shall be furnished
mounted and wired in a convenient location near the hinged rear door. The light and duplex
receptacle outlet shall be connected to the 230 V, single-phase, 50 HZ, with grounded wire, A-C
source furnished by the Authority.

Each basic panel assembly for the control switchboard shall be a self-contained unit with factory
wiring complete to conveniently located terminal blocks for the incoming cables. Each shall have
vertical side members, which include vertical raceways and raceway covers for factory wiring, and
shall be bolted to the right and left sides of the basic panel. These side members shall provide
separate raceways to house, protect, and conceal the incoming cables and interpanel leads.
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Terminal blocks shall be furnished and mounted in vertical rows on both sides of the basic panel
assembly.

Suitable wire slots with rubber bushings in vertical rows on both sides of the basic panel assembly
near terminal blocks shall be provided for outgoing leads.

Each basic panel assembly shall be readily removable without disturbing the control switchboard
assembly.

Each control switchboard shall be designed to provide cable entrance at the bottom of the
switchboard in accordance with the requirements of Clause 1.4.1.

1.4.1.2 Swing Rack Type Switchboards.

Each switchboard shall be of the swing rack type, consisting of a swing rack assembly, top sheet
and rear enclosure covering the back and ends of the entire structure. Each cabinet shall have a
front cover door equipped with a glass window for viewing all targets and indications. The cabinet
door shall be equipped with locking handle, latches, fully concealed hinges, and complete with
screened louvers at the top and bottom.

The cabinet door shall be hinged on the right hand side, front view. The relay rack assembly shall
be hinged on the left hand side, front view.

Swing rack type switchboards shall have two types: one type shall be the control and protective
relay switchboard and the other type shall be the protective relay switchboard.

- Each control and protective relay switchboard shall be provided with conventional bay control
consisting of breaker discrepancy control switch, synchronizing selector switch, recloser cutoff
discrepancy control switches for 115 kV motor operated disconnect switches, electrically
operated ground semaphore switches, light boxes for indicating bus and line energized and
symbols and mimic buses. One annunciator assembly and one numerical power meter shall be
provided for each bay control. There shall be digital bus voltmeter (s) provided for each main
bus. This conventional bay control complete with symbols and mimic buses shall be as
indicated on the drawing entitled: “Control and Protective Relay Switchboard Equipment
Layout” for each substation. All conventional bay control switches shall be indirect control by
using interposing relays to accomplish the control functions of the substation.

All other cutoff and pushbutton switches for auxiliary tripping and lockout relays for
transformer and bus differential and breaker failure protection and all reset pushbutton
functions shall be of the direct control type without using the interposing relays.

- Each protective relay switchboard shall be used in conjunction with the control switchboard in
Article 1.4.1.1 and as indicated on the drawing entitled: “Control Switchboard and Swing Rack
Type Protective Relay Switchboard Equipment Layout” for 115 kV Breaker and a Half (with /
without transformer) Substation, and shall also be used with the swing rack type control board
as indicated on the drawing entitled: “Control and Protective Relay Switchboard Equipment
Layout” for 115 kV Substation Connected by Tie Line. All other cutoff, pushbutton switches
shall be the same type as the preceeding paragraph.

Each cabinet shall be designed for mounting standard 19-inch wide rack-mounted relays.

Each relay rack assembly shall be arranged to swing through not less than 150 degrees from closed
position to allow easy access to the back of the equipment mounted on the rack and to the interior
of the cabinet.

Each switchboard shall be provided with a vertical wiring duct complete with a cover for factory
wiring and a vertical raceway and a raceway cover to house, protect, and conceal the incoming
cables. The vertical wiring duct and the vertical raceway shall be arranged as shown on Drawing
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No. OOT10N. Terminal blocks shall be furnished and mounted in vertical rows on the back inside
the switchboard and located between the wiring duct and the raceway as shown on the above
drawing. All wiring which connects to the external circuits shall terminate on these terminal
blocks. Provision shall be made for interconnection of wiring between switchboard sections.

Mounting brackets, as required, shall be arranged for mounting and wiring auxiliary equipment.
They shall be located to allow access to terminal blocks mounted on the back inside of the
switchboard.

Each switchboard shall be designed to provide cable entrance at the bottom of the switchboard in
accordance with the requirements of Clause 1.4.1.

Panel openings of the swing rack assembly not utilized by equipment shall be covered by cover
plates.

The switchboard size shall be 800 mm wide, 610 mm deep and the height shall be 2,300 mm plus a
40 mm channel bases.

There shall be furnished in the control and protective relay switchboard and the protective relay
switchboard one fluorescent lamp for each switchboard, mounted and wired inside the top of the
switchboard for interior lighting and controlled by a cutoff switch on the hinged rear door, so that
the panel light is automatically extinguished when the door is closed. One duplex receptacle outlet
of single-phase, 2-pole, 3-wire grounded type 15A at 250 V shall be furnished mounted and wired
in a convenient location near the hinged rear door. The light and duplex receptacle outlet shall be
connected to the 230 V, single-phase, 50 HZ, with grounded wire, A-C source furnished by the
Authority.

1.4.1.3 Interposing Relay Cabinets.

Each interposing relay cabinet shall be provided with the interposing relays for substation control
and protection functions. All relays shall be furnished complete with integral accessories, mounted
and completely wired.

In general, control signals to the switchyard shall be first connected to the interposing relays before
being connected to the relevant switchyard equipment.

The interposing relays shall be furnished mounted and wired with sufficient quantities to fulfil the
requirements of substation control, indication, and protection functions as specified. Not less than
10 per cent spare of each function of interposing relays shall be furnished and mounted inside the
cabinet, however the minimum of two spare relays shall be furnished and mounted for each
function of the relays. The coils shall be suitable for continuous duty at their normal operating
voltage. All contacts shall be of the renewable type with ample current-carrying and interrupting
capacity for the application, and shall withstand at least 10 A at 1 second, 5 A at continuous duty,
and be capable of interrupting 0.3 A of inductive current (L/R <40 ms) in a 125 V DC control
circuit.

Where necessary, interposing relay shall be of the latched-in type especially for those concerning
the mode selection functions.

Interposing relays shall be of the highly insulated type capable of withstanding 5 kV positive or
negative pulses applied across the coils and between the coil terminals and ground with the contact
assemblies bonded to ground.

Interposing relay cabinets shall be furnished and designed in accordance with Drawing No.
OOT10N Each cabinet shall be an assembly enclosed at top and sides and shall have front and rear
access doors for access to both sides of the center mounting plate. Interposing relays shall be
mounted on both sides of this center plate. The front and rear shall each be provided with one
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hinged flat door and the rear shall be provided with two hinged flat rear doors.. Access doors shall
be equipped with locks, latches and fully concealed hinges.

Each cabinet shall be 915 mm wide, 1,000 mm deep and the height shall be 2,300 mm plus a 40
mm channel base.

Each cabinet shall have vertical side members, which include vertical raceways and raceway covers
for factory wiring, and shall be bolted to the right and left sides of the cabinet. These side members
shall provide separate raceways to house, protect, and conceal the incoming cables and interpanel
leads.

Terminal blocks shall be furnished and mounted in vertical rows on both sides of the cabinet. The
number of vertical rows and the arrangement of terminal blocks shall be in accordance with the
Drawing No. OOT10N. All wiring which connects to the external circuits shall terminate on these
terminal blocks.

Each cabinet shall be designed to provide cable entrance at the bottom of the cabinet in accordance
with the requriments of Clause 1.4.1. There shall be four (4) cable glands: two cable glands at the
right side and other two at the left side of each interposing relay cabinet as indicated on the
Drawing No. OOT10N

1.4.1.4 Hinged Synchronizing Panels.

Each hinged synchronizing panel shall be fabricated from not less than 2.5 mm leveled sheet steel
and shall be approximately 200 mm wide, 600 mm high, and 200 mm deep. If specified, each
hinged synchronizing panel shall be furnished and shall constitute a part of each control
switchboard or control and protective switchboard assembly. Each shall be designed to swing back
in line with the other panels when not in use to present straight line appearance. Each shall be
readily removable and re-installed when future control board installation is required. The rear sheet
shall be readily removable for access to the instruments and wiring in the panel.

14141 One - Twin indicating voltmeter, 0-150 V scale, 150 V coil, 50 Hz, 144 mm
square face, for incoming and running potential.

14142 One - Twin indicating frequency meter, 48-52 Hz scale, 115 V, 144 mm
square face, for incoming and running frequency.

14143 One - Synchroscope, 144 mm square face.

14144 Two - Synchronizing lamps, 15 W each, clear, to be connected to indicate

synchronism.

1.4.1.5 Drawings and Data Requirements.

The Contractor shall submit for approval the following drawings and data, sufficient to demonstrate
fully that the equipment to be furnished shall conform to the requirements and intent of this
Specification.

1.4.1.5.1 Metering and Relaying Diagrams. The metering and relaying single line diagrams of
each substation are included in this Specification. The Contractor shall supply single
line diagrams showing conformity with the specified requirements indicating clearly
changes necessitated by the proposed equipment.

1.4.15.2 Three Line Diagrams. Each three line diagram shall show voltage and current
connections to all metering and relaying equipment.

1.4.1.5.3 AC Schematic Diagrams. All diagrams shall show AC connections such as AC supply
to all metering and relaying equipment, synchronizing schematic diagrams, etc.
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1.4.1.5.4 DC Schematic Diagrams. All diagrams shall show the DC wiring for control, indication,
annunciation, protection, etc., arranged in a schematic form and shall include the
necessary wiring of all power circuit breakers that received a trip signal from the
protective relays that are listed in the drawings, "Protective Device Functions", for each
substation. On each schematic diagram where the main relays or auxiliary relays are
shown, all contacts for indicated relays shall show the detailed functions of the contacts
to be used, including the reference drawing near the relevant relays.

For the annunciator, the Contractor shall furnish enough information in detail to
understand complete operation of the annunciator system. It shall be furnished with a
description of the operation of each component and an explanation of the operational
sequence of each component in regard to the overall annunciator scheme. All
components shall show internal schematic diagrams and circuit board illustrations.

1.4.1.5.5 Logic Diagrams. Logic diagrams shall show details of the logic control circuits for each
individual control and protection equipment.

1.415.6 Wiring Diagrams. Wiring diagrams shall show connections from point to point for all
control board equipment. All the wiring connections to the equipment on any one panel
shall be shown on the same drawing. Inter-panel connections shall be properly
identified on both the incoming and outgoing panel drawings.

Wiring list or tabular type wiring diagrams shall not be accepted.

1.4.15.7 Control, Selector, Cutoff and Pushbution Switches-Contact Tabulation Diagrams.
Contact tabulation diagrams of control and other switches shall show terminal
arrangement, escutcheon plate and contact tabulation. On each schematic diagram
where switch contacts are shown, switch position tabulations for the indicated switches
shall be included somewhere on the same drawing.

1.4.1.5.8 Nameplate Schedule Diagrams. A nameplate schedule diagram for each substation shall
show designations on all nameplates. The wording of each nameplate designation may
be revised to satisfy physical limitations subject to the approval of the Authority.

1.4.1.5.9 Annunciator Schedule Diagrams. An annunciator schedule diagram for each substation
shall show annunciator designations for all the annunciator points including spares
provided. The wording of each annunciator designation may be revised to satisfy
physical limitations subject to the approval of the Authority.

1.4.1.5.10 Equipment Layout Diagrams of Switchboards and Cabinets. Each equipment layout
diagram shall show dimensions, location, and general layout of all panels and all
equipment to be located on the panels.

1.4.1.5.11 Switchboard and Cabinet Construction. The Contractor shall provide for approval the
general assembly drawings including dimensions, details of arrangement plan and
section and floor plan complete with anchor both setting plan.

The equipment as indicated on the control switchboards, protective relay switchboard, control and
protective relay switchboards and the interposing relay cabinets, shall cover only the major
equipment. It is to be understood that, all other associated auxiliary equipment and accessories,
although not indicated on the drawings entitled: “Control Switchboard and Protective Relay
Switchboard Equipment Layout, Control and Protective Relay Switchboard Equipment Layout, and
Interposing Relay Cabinet Equipment Layout”, but necessary for the complete and sound functions
of the switchboards and cabinets as described in this Specification, and as generally accepted as the
applicable standards, shall be furnished by the Contractor. The Bidder at the time of bidding shall,
to the best of his knowledge, furnish the list showing quantity and details of all the equipment he
intends to supply.
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The switchboards and cabinets proposed shall give the best optimum result as called for in this
Specification, and as basically required by standard electrical engineering practice.

The Contractor, after having finished the design of the switchboards and cabinets shall submit the
Authority for approval all the design details including individual equipment of the switchboards
and cabinets, and to all associated equipment in the substation, and showing overall functions of
the schematic diagrams. The Authority shall then review the schemes, and should any proper
functions required in this Specification or required for sound engineering practice of the
switchboards and cabinets entail necessary modifications to the scheme or additional equipment
other than those originally proposed by the Bidder at the time of bidding, the Authority will return
the scheme to the Contractor to carry out the modification required without any extra charge to the
Authority.

1.4.1.6 Ground Buses

A 6 mm by 25 mm cross-section bare copper ground bus shall be provided at the bottom of each
switchboard panel and each cabinet, to which the metallic cases of meters, instruments, relays and
grounding circuits of all other equipment shall be connected. The grounding buses shall be solidly
bolted to the steel framework so as to make good electrical contact. Solderless lugs or terminals
shall be provided on the ground buses for terminating No. 95-120 sqgqmm stranded copper ground
cables from the substation grounding system.

1.4.1.7 Wiring

All wiring used within the switchboards, interposing relay cabinets, shall meet the requirements of
the Specification No. 15 (Small Wiring) and NEMA standard Publication No. WC5-1992/ICEA S-
61-402 and shall be rated 600V, tinned, stranded copper switchboard wire and polyvinyl chloride
insulated. All hinged wiring shall be extra flexible. Internal wiring of each basic panel assembly
and each cabinet shall be neatly and carefully installed in suitable wiring ducts with removable
covers and complete to conveniently located terminal blocks for connecting to incoming and
outgoing leads.

The terminal arrangement shall group all leads for each particular function to facilitate connections
to the incoming and outgoing cables. The arrangement shall be subject to the approval of the
Authority.

Wiring between inter-panel shall be made and routed through vertical raceways of the switchboards
and cabinets. Such wiring shall also be terminated and reconnected in terminal blocks in order to
permit convenient separation of individual panels or cabinets.

All incoming and outgoing cables shall enter the switchboards and the cabinets through cable slots
in the floor underneath the switchboards and the cabinets.

Splices or tee connections shall not be permitted in control wiring or instrument leads.

Any control boards or cabinets that are split for shipment shall have terminal blocks adjacent to the
split and shall be provided with wiring required to interconnect the split units.

1.4.1.8 Indicating Lamps

All indicating and pilot lamp assemblies shall be of the light-emitting diode (LED), complete with
integrally mounted resistors, The indicating light assemblies shall be suitable for use with 125 VD-
C, switchboard type with color caps. The color caps shall be red, green, white, blue or yellow as
required. All lamp bulbs shall be interchangeable, and shall be replaceable from the front of the
panels.

1.4.7.9 Light Boxes.

Each light box, for indication of line or bus to be energized, shall be of switchboard type. Each
light box shall have a white translucent nameplate with machine-engraved, black lettering
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illuminated by backlighted with two lamps of 6 watt each. Each nameplate shall be engraved in
accordance with the drawing entitled : "Nameplate Schedule Diagrams".

Each light box shall be 25 mm. high by 50 mm wide.
All lamp bulbs shall be interchangeable, and shall be replaceable from the front of the panels.

1.4.1.10 Test Switches

Test switches shall be of the separate type as specified. Separate test switches shall be of the
switchboard, back-connected type, finished in dull black for front-of-panel mounting. All test
switches shall be arranged to isolate completely the instruments from the instrument transformers
and other external circuits and provide means for testing either from an external source of energy or
from the instrument transformers by means of multiple test plugs which shall be provided for the
purpose. A sufficient number of test plugs to make a complete test on one meter or instrument
shall be furnished for each type of test switch. All test switches shall be arranged so that the
current transformer secondary circuits cannot be open-circuited in any position while the test plugs
or cover plugs are being inserted or removed.

Test switches and multiple test plugs shall be ABB, flexitest switches, type FT-1 or equivalent.

1.4.1.11 Terminal Blocks

The switchboards and interposing relay cabinets shall be provided with terminal blocks for
termination of all wiring devices mounted in the switchboards and cabinets and all external circuits.
Terminal blocks shall be of non-flammable, non-hygroscopic insulating material, rated for 600 V and
conform to IEC 60947-7-1 and IEC 60947-1 standards. Except as otherwise specified, terminal blocks
shall be furnished with two sizes; one size shall accept the conductor of 1.5 to 4.0 sg.mm, the other one
shall be sized to accept the conductor of 2.5 to 6.0 sg.mm. Insulating barrier between adjacent terminal
shall be integral part of the terminal block. Terminals shall have adequate current carrying capacity.
All terminal blocks and terminations shall be grouped according to circuit functions. Each terminal
block shall have removable white marking strip for marking circuit designation. One spare blank
marking strip shall be furnished with each terminal block. The terminal blocks shall be well arranged in
order that they permit safe wiring works on any terminal while all adjacent terminals are live.

The terminal blocks provided for CT circuit shall be of spring loaded screw-on type and they shall be
provided with sliding switch bridge and test socket screws.

The terminal blocks provided for control, protection circuits and other circuits shall be of screw-on
type. It shall be designed in such a way that after the terminal block is unscrewed, the wire is still
engaged to the terminal block. All CT and PT wires, as well as control and protection circuits shall be
terminated with blade type of cable lugs.

The arrangement of all terminal blocks shall be such that incoming and outgoing leads can be
easily arranged for connections to terminals. Terminal blocks shall be located so that the
accessibility to them will not be lessened by interference from structural members or panel
instruments. Ample space shall be provided to terminal blocks for termination of all external
circuits.

1.4.1.12 Nameplates

Nameplates shall be furnished and mounted by the Contractor. Each assembly, each piece of
equipment mounted on an assembly, and each power and control circuit shall be provided with a
nameplate. All nameplates shall be of laminated plastic material, black on the surface with a white
internal layer. Lettering shall be machine-engraved into the nameplate to form white letters against
a black background. All panel mounted nameplates shall be in accordance with the respective
drawings showing nameplate schedule. A sample nameplate, showing the style of engraving to be
used shall be submitted to the Authority for approval. Nameplate engraving shall be subject to the
approval of the Authority.
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1.4.1.13 Symbols and Mimic Buses

All symbols, devices and painted mimic buses, 10 mm in width, shall be provided on control
switchboard and control and protective relay switchboard to form single line diagrams which will
simulate actual electrical connections as indicated on the drawings entitled “Control Switchboard
and Protective Relay Switchboard Equipment Layout” and “Control and Protective Switchboard
Equipment Layout”. Mimic disconnect devices for ground switches shall be electrically operated to
automatically position themselves in accordance with their respective ground switches. The mimic
buses shall be painted on the front of the panels with lacquer or enamel. Color of mimic buses
shall be as follows :

115 kV - Light Orange
33 kv - Dark Green
22 kV - Blue

1.4.1.14 Control, Selector, Cutoff and Pushbutton Switches.

The control, selector, cutoff and pushbutton switches shall be of the multistage voltage type, rated
600 v, continuous duty, for both A.C. and D.C. services. Each contact shall be of the readily
renewable, self-cleaning type and shall be of the wipe type. A rectangular front-of-the-panel
escutcheon plate shall be furnished and engraved showing the switch positions of control, selector,
cutoff and pushbutton switches. The switch identification shall be engraved on the escutcheon
plate, or if necessary, on a separate adjacent nameplate furnished by the Contractor.

Details of individual switch shall be as described below:

1.4.1.14.1 Breaker Discrepancy Control Switches (BDCS) Each breaker discrepancy control
switch shall be of the momentary contact, with fixed, modern, black handle with
mechanical target engraved “Control on”, “Control off”, and shall also be engraved
“on” and “off” which shall show the last function of the switch. Each switch shall
include integrally mounted with the light-emitting diode complete with a series
resistor.

1.41.14.2 Discrepancy Control Switches for 115 kV Motor Operated Disconnect Switches
(DSDCS)
Each discrepancy control switch shall be of the momentary contact type, with fixed,
modern, black handle with mechanical target engraved “Control On” “Control Off”,
and shall also be engraved  “On” and “Off” which shall show the last function of
the switch.  Each switch shall include integrally mounted with the light-emitting
diode complete with a series resistor.

1.4.1.14.3  Synchronizing Selector Switches (SS) Each synchronizing selector switch shall be of
the maintained contact type, three-position “Automatic” “Normal” “Manual”,
complete with a key used as a handle, removable at “normal” position only to ensure
that on one set of potentials can be applied to the synchronizing equipment at any one
time.

1.41.144 Recloser Cutoff Switches (79CO) Each recloser cutoff switch shall be of the
momentary contact type, three position “ on” “normal” “off” with spring return to the
normal position, with fixed, modern, oval black handle. Each switch shall be
complete with an indicating red-light-emitting diode complete with integrally
mounted resistor.

1.4.1.145 Transformer Differential Cutoff Switches (87T-CO) Each transformer differential
cutoff switch shall be of the maintained contact type, two-position “on” “off”, with
fixed, modern, oval black handle. Each cutoff switch shall be complete with an
indicating red light-emitting diode complete with an integrally mounted resistor.

1.4.1.14.6 Bus Differential Auxiliary Tripping and lockout Relay Cutoff Switches (86B-CO)
Each differential auxiliary tripping and lockout relay cutoff switch shall be of the
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maintained contact type, two-position “on” “off”, with fixed, modern, oval black
handle. Each cutoff switch shall be complete with an indicating red light-emitting
diode complete with an integrally mounted resistor.

1.41.14.7 Breaker Failure Cutoff Switch (50BF-CO) Each breaker failure shall be of the
maintained contact type, two-position “on” “off”, with fixed, a modern, oval black
handle. Each cutoff switch shall be complete with an indicating red light-emitting
diode complete with an integrally mounted resistor.

1.4.1.14.8  Pushbutton Switches (PB) Each pushbutton switch shall be of the heavy duty type and
constructed for definite over-travel in both directions. Each shall be dust-proof, fully
shrouded to prevent accidental operation.

1.41.14.9 .Line Current Differential Cutoff Switch (87L-CO) Each line current differential
cutoff switch shall be maintained contact type, two-position, “on” “off” with fixed,
modern, oval black handle. Each cutoff switch shall be complete with an indicating
red-light-emitting diode complete with integrally mounted resistor.

1.4.1.14.10 Direct Transfer Trip Cutoff Switch (86TT-CQO) Each direct transfer trip cutoff switch
shall be maintained conted type, two-position, “on” “off” with fixed, modern, oval
black handle. Each switch shall be complete with an indicating red-light-emitting
diode complete with integrally mounted resistor.

All switch shall be rated 20A, and shall be of the direct control switch function type without using
the interposing relays. These switches shall be for use with the control switchboards in clause
1.4.1.1, and all cutoff and pushbutton switch functions for transformer protection, bus protection,
breaker failure protection, auxiliary tripping and lockout relay contacts and relay resetting which
are mounted on the “Control and Protective Relay Switchboards” and ‘“Protective Relay
Switchboards”. These switches shall also be for use with the “Swing Rack Type Control Board” for
115 kV substation connected by tie line.

The total number of contacts and total number of contact tabulations shall be adequate for their
required functions but minimum number of contacts and contact tabulation shall be at least as
indicated on the Dwg. NO. OOT15N sheet #1 of #2.

In case of conventional control and protection are combined in the same switchboard, there shall be
included with control switch functions, symbols and mimic buses, an annunciator assembly, and
metering equipment for each bay in addition to the protective relaying system which is indicated on
the drawing entitled: “Control and Protective Relay Switchboard” for each substation. The breaker
discrepancy control switch, discrepancy control switch for 115 kVV motor operated disconnect
switch, synchronizing selector switch and recloser cutoff switch shall be the same as described
above except that each switch shall be rated 10A and shall be of the indirect control switch function
type and shall be accomplished the switch functions by using the interposing relays.

The total number of contacts and total number of contact tabulations shall be adequate for their
required functions but minimum number of contacts and contacts tabulations shall be at least as
indicated on the Dwg. NO. OOT15N sheet #2 of #2.

If the schemes for control, protection, and other equipment as proposed by the Contractor and
approved by the Authority, required additional contacts than those listed in this Specification and
shown in the above drawing (OOT15N sheet #1 and sheet #2) the Contractor shall furnish these
extra contacts and contact tabulations without additional cost to the Authority.

1.4.1.15 Digital Voltmeters

Each voltmeter shall be flushmounted, back connected, dustproof, fully tropicalized, digital
switchboard type for mounting one a steel panel. Each meter shall be suitable for operation with the
instrument transformers shown on the drawing under both normal and short circuit conditions.
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Each meter shall be for measuring the 115 kV line voltage with 3 CVT’s (or 3 VT’s) or 115 kV bus
voltage with 1 CVT or (VT) as required and as specified for each substation. For measuring 115 kV
line voltage, there shall be 3 CVT’s (or 3 VT’s) for each line except that the bus voltage, there shall
be 1 CVT or (1 VT) connected with bus phase “B” and ground. Although the measuring of the bus
voltage shall be phase-to-ground, the reading voltage displaying on the meter shall indicate phase-
to-phase voltage.

Except as otherwise specified, the digital meters shall be approximately 96 mm x 48 mm.

Each digital voltmeter shall have the following characteristics and requirements:

Alphanumeric display : 4 digits, red, Light-Emitting Diode (LED)
CVT (or V/T) ratio for each bus : 115000/43 : 115 V // 1153

Decimal point : adjustable at front panel

Power supply : 230 V, 50Hz, single-phase, grounded wye

1.4.1.16 Digital Power Meters

Each power meter shall be flush mounted, back connected, dustproof, fully tropicalized, digital
switchboard type for mounting on a steel panel. Each meter shall be suitable for operation with the
instrument transformers shown on the drawing under normal and short circuit conditions.

Each power meter shall be capable of measuring and monitoring all electric quantities of the power
system.

Each meter shall have the following characteristics and requirements:

Alphanumeric display : LCD with back lighting illumination

Parameter Setting : by a keypad on the front panel and complete with
communication port

Power System : Three-phase, Three wire and Three-phase, Four wire
(Balanced and Unbalanced loads)

Current input : 1Aand5A

Voltage input : 110 V and 115 V (line-to-Line Voltage)

CT and CVT or VT Ratio : programmable

Measurement/Display : 1) rms phase voltage, Line-to-ground (Va, Vi, Ve,

Vaverage)

2) rms line voltage, Line-to-line (Vab, Ve, Vea, Vaverage)
3) rms phase current (la, lp, lc, laverage)
4) active power (Pa, Py, Pc, Protar)
5) reactive power (Qa, Qb, Qc, Qtotar)
6) apparent power (Sa, Sb, Se, Stotat)
7) import and export active energy (KWhiotal)
8) power factor (PFa, PFy, PF¢, PFiota)
9) frequency
10) others (if any)
Accuracy Class

- rms phase voltage : 0.5% of reading + 0.05% of FS
- rms line voltage : 0.5% of reading + 0.05% of FS
- rms phase current : 0.5% of reading + 0.05% of FS
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- active power : 0.5% of reading + 0.05% of FS

- reactive power : 1.5% of reading + 0.05% of FS

- apparent power : 0.5% of reading + 0.1% of FS

- import and export : 0.5% of reading + 0.05% of FS
active energy

- power factor : 1.5% of reading

- frequency : 0.05% of reading

Maximum demand : phase current (lg, Iy, lc),

total active power (Pioa),
total reactive power (Qtotar) and
total apparent power (Siota), €Very 15 minute

Communication interface : R5-485 port

Power supply : 125V D-C and 230 V, 50 Hz, single-phase
Insulation test voltage : 2 kV (rms)

one minute

Operating temperature : 0°C to 50°C

Each digital power meter shall include the followings:

(1) Instruction manual
(2) Software package (s) for setting parameters and readout data via communication port.

Any features and necessary components to accomplish the necessary functions of the digital power
meter shall be provided as required by the meter functions, whether such features or devices are not
itemized herein or not.

1.4.1.17 Annunciators.

Each annunciator system shall be of the solid-state type consisting of an annuciator module,
input/out module, a connection module, a power supply module, a flashing device, and an
annunciator horn relay. Each annunciator horn relay shall be wired to initiate the common horn.
One common horn shall be furnished for each substation. The annunciator system shall operate
from DC source with rated voltage 125 VD-C.

Each annunciator system shall be compact and integrally mounted in a dustproof, back connected,
flush-mounted switchboard type cabinet. Each annunciator shall have 16 alarm points including
push buttons for the following functions: “Silence the alarm”, “Acknowledged”, “lamp reset” and
“lamp test”. Each window shall be provided with a light-emitting diode and shall have a nameplate,
covered with a translucent material, writing with black letters. Each alarm point shall be designed
to operate either with field contact that closed for alarm or open for alarm.

A red group pilot lamp for indication of annunciator operation and a white indicating light
assembly for monitoring availability of annunciator potential shall be furnished, separately
mounted and wired with each annunciator system. They shall be suitable for mounting on the
control board panel face.

The alarm horn shall be of the vibrating type, and shall be suitable for surface mounting inside the
switchboard.

Each horn shall be furnished, mounted and wired inside the switchboard as specified and wired
complete with a horn switch with 125 V D-C rating and shall be also be mounted and wired inside
the switchboard.
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All signal inputs and outputs of annuciator modules shall be provided with optical couplers and RC
filter circuits for high voltage surge protection.

Each annunciator shall be provided with a self-supervision system for continuously monitor the
hardware and the solfware of the unit. The self-supervision shall also monitor and supervise the
operation of the power supply module.

Each annunciator assembly shall be equipped with a serial interface at the rear port to provide
communication with the remote computerized control system.

Each shall be provided with an event register, which stores at least last five events in chronological
order. The event register can be read and displayed on the front panel or via the serial interface.

Each power supply shall be of the DC-to-DC converter regulated type and designed to protect it
from high voltage and surge and to provide transient surge isolation between the station battery and
the sensitive electronic components of the annunciator system. Each power supply shall be
provided with necessary equipment to protect it from overloads that occur on the output side of the
power supply. Each power supply shall include input reversed polarity protection and overvoltage
and short circuit protection on the logic voltage supply. In the event of a short circuit on the power
supply output, no damage will occur to the power supply.

Each annunciator system shall be designed for continuous operation at any voltage from 80 per cent
to 120 per cent of rated voltage as specified and at a range of ambient temperatures of 10°C to
50°C and 0 to 94% humidity.

The annunciator operational sequence shall be manual lamp reset type and shall conform to the
following table :

Visual
Designated Event Audible
Annunciator Group Pilot
Lamps Lamp
Normal Off Off Off
Alert Bright flashing On On
Acknowledged Steady On Off Off
(Horn Reset)
Return to Normal Steady On Off Off
Return to Normal Bright flashing On On
before Acknowledge
Acknowledged Steady On Off Off
(Horn Reset)
Reset Off Off Off
Functional Bright flashing On On

Each annunciator shall be designed so that the closing of a trouble contact shall flash the
annunciator lamp, light the group pilot lamp and sound the alarm.
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The operator shall then be able to silence the alarm, stop flashing and extinguish the group pilot
lamp by pressing the horn reset pushbutton and extinguish the annunciator lamp by pressing the
lamp reset pushbutton, provided the trouble contact has been opened.

Operation of the lamp reset pushbutton shall not cause the alarm to sound. Release of the
pushbutton shall not cause the alarm to sound again whether or not any trouble contacts are still
closed. Operation of an annunciator lamp shall not interfere with or cause false operation of any
other annunciator lamp whether operated simultaneously or in sequence.

Wrong operation of any pushbutton shall not cause malfunction to the correct operation of the
system.

Operation of the test pushbutton shall simultaneously simulate inputs and exercise the logic of each
alarm point.

1.4.2 Protection

Protective relays shall operate in conjunction with a CSCS equipment.

Protective relays shall be of numerical type. Auxiliary ones such as undervoltage, trip circuit
supervision etc... could be of electromechanical or static technology.

The substation is organized with a centralized control building for the whole of site.

All equipment of 115/MV substation will be fed by 125 V DC supply. All the equipment shall
operate satisfactorily and shall not be subject to deterioration in the range of 80 to 110% of the
nominal supply voltage.

For the lines, a full scheme numerical distance protection shall be furnished to provide the primary
pilot protection scheme for all substations, except the switching substations, which shall be
protected by a line current differential primary pilot protection.

The backup protection for both types of primary pilot relaying, shall each be a directional
overcurrent protection. They shall be directional phase and ground overcurrent relays for
protection of phase and ground faults.

The transformers will be protected by numerical differential relay of the numerical type including
restricted earth fault protection.

The busbar will be protected by a differential relay of the numerical type protection, including
breaker failure protection.

.Equipment shall be protected against electrical and electro-magnetic disturbance and shall
particularly comply with IEC 60255-5 and IEC 60255-22 standards.

Protective Relays shall be selected and provided among the following manufacturers:
- ABB (Sweden or Switzerland or Finland)

- Alstom (Germany or U.K)

- Siemens (Germany)

- SEL (USA)
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2.1

2.2

DETAILED REQUIREMENTS
These requirements shall be considered as a minimum to be satisfied.

The protective relay shall be of the numerical type with a documented past service period of not
less than two years.

The protection system for transmission lines shall take into consideration the grounding network
practice of the project. All transformers (Dyn or Yyn vector group) are solidly grounded on MV
network, meanwhile PEA will improve in the future the low-resistance grounding method by the
addition of a resistance in the neutral connection.

The system objective maximum fault clearance times are as follows :
100 ms: maximum fault clearing time of 1st step of distance protective relay
100 ms: maximum fault clearing time of busbar protection

In the event of a failure to interrupt fault current by the line Circuit breaker, the breaker failure
must trip all the necessary adjacent circuit breakers within 250 ms starting from the primary
protection release the trip command.

Documentation

The supply shall include, whether explicitly mentioned or not, all elements and drawings necessary
to co-ordinate and ensure the correct function of the referred protection in compliance with the
specifications.

In addition to all components the Contractor shall supply the necessary documents, calculations and
settings, related to the relays and to the primary network, to prove the correct function of the
protection equipment according to the specifications.

Equipment Structure

The different components shall be implemented to satisfy the following general requirements:
- Protective relays shall be suitable for operation in the local climate condition,

- Protective relays shall not be responsive to mechanical shocks,

- Parts installed in the open air shall be protected against sun radiation, humidity and dust,
- Protective relays and associated auxiliary equipment shall be of standard construction,

- Protective relays shall be supplied by an experienced and reliable manufacturer,

- Protective relays shall be fitted into protection boards as specified elsewhere,

- Applicable type test certificates in accordance with IEC international standards shall be
submitted,

- Insulation of all the related circuits shall comply with IEC60255 and shall not be less than 2
kV for all the interfaces,

- Static and microprocessor based devices shall be tested on all interfaces, except serial
communication ports according to IEC60255-22-3,

- Protection class of the enclosure for all relays or protection systems shall not be inferior to
IP52, when finally installed,
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- Relay equipment shall be arranged to produce a perfect contact,
- For each relay circuit, power supply shall be provided with DC/DC converter,

- Miniature circuit breakers shall be provided with each control circuit for both A-C and D-C
control circuits, each miniature circuit breaker shall be equipped with two electrically
separated normally closed control for alarm at the annunciator and at CSCS.

- Protection equipment shall be designed not to produce any overvoltages in case of switching of
contacts at secondary AC and/or DC control or supervisory alarm circuits,

- Internal auxiliary relays, switches, terminals, push buttons, etc., shall be clearly identified by
labels,

- Double stack terminals on the protection circuit will not be accepted,

- Terminal blocks shall include 20% spare of each type of terminal used (exception for test
blocks).

- The contractual language i.e. English shall be used for setting and data input means as well as
for the description of all the main relay interfaces.

Control circuits including potential and current transformer secondary circuits, batteries, DC
controls, AC auxiliary power supplies, supervisory alarms and communication circuits connected
to the function of the protection equipment shall be protected against conductive, electrostatic and
electromagnetic influences of transients of neighbouring circuits.

Each protective relay shall provide the required number of electrically separate normally open
contact adequately for it functions for tripping the breaker of all types of faults, initiating the
breaker failure relaying, the annunciator, remote alarm at CSCS, blocking the breaker closing
circuit and etc.

Both ends of each cable connecting relays to voltage and current transformer secondary circuits,
batteries, DC control, AC auxiliary power, supervisory alarms, tripping and communication
circuits, shall be marked with slip-over ferrules of different colours and numbering.

2.2.1  Relay Front Design

The front of all protection relays shall be clearly marked with important information. Using the
contractual language the function of the relay and the name of the protected feeder shall be clearly
recognisable. Additional indicators on the front of the relay, with an adequate description in the
contractual language, shall allow phase identification and type fault on every protection equipment
as well as every operation step if more than one exists.

At all protection relays the actual setting at every part of the relay, the tripping alarm as well as all
the supervisory and monitoring alarms, the latter for electronic relays, shall be clearly visible
without opening the relays.

Indicators shall allow identification of the function activated, the alarm of the supervisory and
monitoring of the protection relay as well as the alarm of the auxiliaries at the alarm boards. Each
indicator, whether of the electrical or mechanical type, shall be capable of being reset by hand
without opening the relay.

Each cubicle where protective relay shall be located shall be illuminated internally for maintenance
purposes ,and the lamp shall be controlled by the door.
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2.2.2  Bay Control Unit (BCU)

All binary signals to CSCS system shall be furnished to provide electrically separate normally
contacts.

All protective relaying cases shall be fully independent and monitored by a bay controller
processed by microprocessor based system, preferably one processor for each bay using one
communication interface which will be connected to the CSCS system.

2.2.3 1/O Interface

All signals shall be processed by the CSCS from the Centralized Control Unit (CCU). Refer to
specification No 10 : Computer — Based Substation Control System.

2.2.4  Tripcircuit

All the relays used for tripping shall still operate if the DC supply voltage is equal to 80% of the
rated voltage

The entire control and signalling circuits of the CBs shall be continuously supervised in both
opened and closed CB positions. The design of this supervision shall prevent the CB to trip in case
of failure of any component of the referred supervision circuit.

No time delay for the tripping contacts will be accepted. Master trip relays shall have a maximum
tripping time equal to 10 ms.

The tripping contacts of protective relays without autoreclosing shall be self reset when no further
fault conditions are present, whereas the signalling and block of closing order to the CB remains
until the operator resets the relay manually. An exception shall be made for the event recorder
signalling contacts.

All trips due to substation internal faults shall result in a lock-out (i.e. Busbar protection,
transformer differential, Buchholz etc.). Trips due to external faults (i.e. line faults, backup earth-
fault) shall not cause lock-out.

A cut-off switch shall be provided on tripping circuit of each protective relay (main or back-up)
associated with differential busbar or differential transformer protection (breaker failure included).

Position of this switch shall be monitored by CSCS system.
All tripping control circuits for the CB shall be interrupted for the qualitative and quantitative tests.

These circuits shall be located at the same test block provided to test the relay with currents and/or
voltages.

2.25 Instrument transformers

If modules of relays connected to the CT's current circuits can be removed, the design of these parts
shall prevent an open circuit at the secondary side of the CT's in any case.

All current transformer and voltage transformer wirings, entering the control and relay panel, shall
terminate directly on terminal blocks. The type and design of these terminal blocks shall be
approved by the Authority.
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The terminal block shall be in accordance with the requirements of Clause 1.4.1.11.

The characteristics of current transformers for the protection described in these specifications are
the minimum requirement to be fulfilled.

Before manufacturing of the current transformers, the Contractor shall submit for approval a
verifiable calculation based on the design short circuit of the substation using a time constant
approximate 45 ms for the network. This is necessary to demonstrate that the offered protection
shall be stable for faults outside it's zone, shall trip within the required tripping time and shall have
enough sensitivity to work together with the offered CT's.

This requested calculation shall define the maximum admissible CT rated output, knee point
voltages for all taps, enabling changes of the current transformers without additional costs to the
Authority.

2.2.6  Wiring, Setting and Testing

The Contractor shall supply, before elaborating the wiring diagrams, block diagrams in one
drawing for each type of feeder protection. These block diagrams shall include schematic infor-
mation concerning trip circuits, control circuits, secondary circuits of voltage and current
transformers with polarity marks, DC power supply, supervisory alarms and teleprotection circuits,
etc. These block diagrams shall be updated during the factory test, erection and commissioning
phases.

The protection system shall be completely wired, tested and inspected at the factory before
shipment.

Wiring used within the switchboard shall conform to NEMA standard and shall be in accordance
with the requirements of Clause 1.4.1.7 (Wiring) and Specification No. 15 (Small Wiring)

The only work necessary to be performed at site shall be the connection of the external devices, the
commissioning procedure and the site tests.

Test devices shall be provided for relay test facilities. Each test device shall be furnished with each
relay and arranged to isolate completely the relay from instrument transformers and other external
source of energy or from instrument transformers by means of multipole test plugs which shall be
provided for the purpose. A sufficient of number of test plugs to make a complete test on one relay
shall be furnished for each type of test device. All test devices shall be arranged so that the current-
transformer secondary circuits cannot be open-circuited in any position while test plugs are being
inserted or removed.

It shall be possible to perform complete test of a protective relay, interposing relays, if any, and
circuit breaker by injection of analogue values through the test blocks, without disconnecting any
wire or connector.

2.2.7  DC-Supply

The power supply shall be based on 125 V lead-acid station battery.

All relays shall be equipped with a self monitoring alarm system, especially for DC supply and
abnormal level of stabilised DC voltages but not necessarily limited to only these two. The DC
supply of all the protection relays and communication shall be monitored by means of an auxiliary
contact of the related mini CB’s which will provide an alarm in case of fault on the DC supply.
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The DC supervision relays shall indicate a delayed, independent and separate alarm for each
supervisory relay and also a local and remote alarm in case of a missing DC supply and DC/DC
converter failure of a protective relay DC supply..

2.2.8  Requirement for Numerical Protective Relays

2.2.8.1 Hardware and Software Requirement

Necessary hardware and software for commissioning shall be provided. All cables between the PC,
test equipment and protection shall be supplied.

The software manuals shall give clear details of every action to be performed in its use. The handling
of the numerical relays by the service personnel shall be possible without manual.

A protocol with the parameter settings and addresses shall be supplied for each relay including
drawing as well as a proposed programme of alarms and output contacts.

A copy of the setting shall be placed after the commissioning on the protection board, with the
addresses, labels and parameters finally set on the relays.

Addresses and input values for the binary 1/0, LEDs and command relays shall be included on the
drawings for the specific uses of the relays on this project.

Hardware and software used for the setting, and configuration of the protective relay in all its aspects
shall be included. A numerical protective relay without the appropriate software will not be accepted.

Main protective functions according to software library in each numerical protective relay shall be
configured and standardized by relay manufacturers, relay suppliers or panel builders including
additional functions and logic diagram for details design criteria to required. Any software
modification at site to meet the Authority’s functions shall not be accepted by the Authority. All main
and backup protective functions of multi-function relays shall be configured and activated by relay
factory or panel builder factory before delivery the relays to site work. The activated protective
functions shall be ready to use and work properly anytime even they are not used at the present time.
The re-configured additional required relay functions at site shall not be accepted by the Authority.

The numerical protective relay supplied shall have a documented service experience in plants or
substations of at least two years, including hardware, software, transportation, installation,
commissioning, etc.

The features of the numerical relays to be supplied shall include:

- Programmable scheme logic

- Remote setting/interrogation

- Serial communication interface

- Time-tagged event/disturbance record
- Measured quantities displayed

- Self-monitoring (Hardware/Software)

All main protection relays shall have 4 setting groups. Backup overcurrent protection relays shall
have at least two setting groups.

2.2.8.2 Interface Requirements

All features of the relay (relay setting, configuration, etc) shall be accessed through a Front Panel
User interface provided. The user shall be allowed to navigate around the menu by using arrow
keys or push buttons.
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All numerical relays shall be delivered with a serial interface for the PC (located on the front panel)
and one additional interface for the integrated substation control System. In case of numerical relays
it shall be possible to set the parameters from a remote control centre by modem and also be able to
request data from the relays. Through the serial interface the PC shall be able to retrieve the following
minimum information, archive set or modified.

Communication with CSCS will be based upon IEC IEC60870-5-103.

Proprietary or other standardized widespread protocols are acceptable, since interoperability with
the system is guaranteed. Interfacing devices shall be prohibited.

For numerical relays which are not manufactured by the company providing the CSCS, the
interoperability with the CSCS will have to be clearly demonstrated.

The protection scheme(s) shall include all hardware and software to allow remote
setting/configuration/fault analysis from :
e Adedicated PC or laptop, with a direct link to the relay
e From a remote access facility (from the manufacturer’s office, or from an engineering
department). These latter facilities shall be conveniently secured.

The main requirements applicable to communication with the relay shall be the following:.
On and Off line communication
e Relay Settings
e Relay configuration (I/Os, programmable scheme logic, fault recording programming...)
e  Switching of setting group
e  Extract disturbance records
e  Access to relay monitored parameters

Access to relay display and setting parameters will be keyed by different authorization levels
(password).

The parameter setting of the relay shall be remotely controlled from the station control level.

2.2.8.3 Disturbance records requirements

The relay shall include an internal disturbance recorder, with sufficient analog channels to record
three-phase currents and/or three-phase voltages, residual current and/or residual voltage depending
on the relay model. Main protective relays shall have capacity to record at least 16 logic channels
and backup protective relays shall have capacity to record at least 8 logic channels.

The internal disturbance recorder shall have the capability to store at least the last 5 disturbance
records with a minimum total storage capacity of 3 seconds (typical). This records shall be stored
in the relay memory, backed by a battery or non-volatile memory. Battery low voltage alarm
facility shall be provided for monitoring of status of the battery.

For all main protective relays the channels and the trigger source shall be configurable, and
triggering by external equipment shall be possible.

Records shall be saved in files of COMTRADE format and could be extracted from remote
communication and processed on the CSCS engineering workstation

3 115KV DEDICATED PROTECTION

In addition to dedicated protection devices described below, auxiliary tripping relays and auxiliary
tripping and lockout relays (94P, 94L, 94BU, 94BF, 86T, 86B, 86BF, 86L) shall be provided with
transformer protection, bus protection, direct transfer tripping and breaker failure protection,
distance relay, current differential relay, backup protection.
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3.1

3.11

Each auxiliary tripping and lockout relay shall be of the high-speed type, DC voltage operated,
electrical reset with cut-off contact provided to interrupt the operating coil. All contacts shall be
electrically separate contacts and rated to carry 30A, 300V, for 3 seconds, 5A, 300V, continuous, and
be capable of interrupting of 0.2A of inductive current (L/R <40 ms) in a 125 V DC control circuit.
These contacts shall be used for tripping, lockout the circuit breakers, initiating the breaker failure
relaying, the annunciator, remote alarm at CSCS and etc.

Loss of DC control circuit shall be monitored by loss-of-potentiala DC alarm relay. (27XB, 27XR).
Each relay shall be provided with an auxiliary relay, standard speed with slow dropout
characteristics. Each auxiliary relay shall be furnished with two (2) electrically separated normally
closed contacts. These contacts shall dedicated to:

- initiate the annunciator

- initiate CSCS.

These relay shall also be furnished with two (2) electrically separated normally open contacts for future use.

Similarly, loss-of-AC control supply shall also be monitored by a loss-of alarm relay (27 XM).
Each relay shall also provide the contacts for alarms similar to loss-of-DC alarm relay.

LINE PROTECTION

Line differential protection (87 L)

The required current differential protective relay shall be fully numerical and suitable for 2 terminals
lines and/or line-cable.

Each line current differential relay shall be used as primary pilot protection and with a dedicated fiber
optical cable as a communication link to permit high speed simultaneous intertripping of the breakers
at both ends of the line. The reclosing of the line shall be done through a sychrocheck relay.

The backup protection of the line shall be protected by a directional phase and ground overcurrent
relays with at least four (4) inverse time curves and one (1) definite time characteristics.

In case of fault on the protected feeder, the protection shall send an intertrip order to the remote
terminal to ensure fault clearing at both ends of the protected line.

In case of the line is fed from a breaker and a half switching station, the protective relay shall be
provided with separate inputs for each set of line CT’s. Stub protection function shall be provided in
this case and shall be based on low impedance biased differential protection principle.

In certain cases, the line differential protection may be connected where line CT ratios at either end of
the protected line are different. ACT correction factor shall then be provided. CT saturation shall not
result in any relay misoperation for internal or external faults.

The relay shall fulfill the following requirements:

- Aphase segregated current differential, providing high speed and selective detection of all type
of faults, including resistive faults,

- Dual redundant signalling channels allowing segregation of the protection signals,

- Dual slope percentage bias restraint, tripping characteristic, ensuring stability for through fault
conditions with both slope settable,

- The relay shall be designed to work within the signaling bandwidth of a basic 56/64 kbp/s
pulse code modulated channel (PCM) , or via electrical interfaces conform to ITU-T G.821
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standard. If a dedicated fiber optic cable does not make the link between the 2 relays, the
contractor shall make sure that the relay communication requirement is consistent with the
substation’s telecommunication facilities and with the telecommunication network they are
connected to.

- The configuration and setting of the relay shall be possible from the front panel interface, or by
remote communication means.

- Freely configurable intertripping signals shall be provided which can be transmitter over the
protection communication channel from one end of the line to the other.

The recloser (79) and check synchronism (25 & 27/59) function shall be selectable for the
following modes in the same time

e Live bus/dead line

e Dead bus/live line

e Live bus/live line

e Voltage difference

e  Frequency difference
e Angle difference

The recloser shall be activated by the internal protection and/or by all external protection order.

High speed and delayed single or three-phase cycle followed by minimum 1 low speed cycle shall
be possible.

The dead time setting range shall be adjustable approximately between 0.2 to 2.0 seconds. The
reclaim time setting range shall be adjustable between 1 to 300 seconds.

In the event that the reclosing relay is used with a synchro-check relay or voltage check relay, the
reclosing relay shall be capable of completing its reclosing cycle with a maximum time delay of 5
seconds imposed by the synchronism-check relay or voltage check relay.

If the reclosing relay is not inherently capable of operating with a supplemental device with a 5-
second pick-up then one extra timer shall be provided for this purpose.

Each reclosing relay may be combined with synchro-check relay.

The synchronism-check relay shall ensure that reclosure will proceed only if the synchronism
conditions are met, line voltage and bus voltage are in normal condition, at the same frequency,
equal and in-phase. Closing angle and operation times shall be independently adjustable. The
synchrocheck relay operation shall be initiated by the reclosing relay.

A control cutoff switch (87L-CQO) with separate red indicating light (LED) shall be provided with
each set of relays to segregate the auxiliary tripping relay (94L) from the line current differential
relay. In addition to the above requirement, a direct transfer trip cutoff switch (86 DTT-CO) shall
be provided to segregate the auxiliary tripping and lockout relay (86L) and shall also initiate the
transfer trip relay (DTT) for sending the signal to trip the remote end line via the optical fiber cable.

Internal Disturbance recorder : in case of fault the relay shall able to store four cycles of pre-fault
and at least seven cycles of post-trip data. This includes as well the voltages and currents as internal
relay information. Each event shall be tagged with date and time and stored in a non-volatile
memory in chronological sequence.
In addition the relay will comprise:

Communication channel supervision,

Continuous self monitoring with watchdog contact.
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3.1.2

Distance Protection (21/21 N) and Direction Overcurrent Protection (67/67N)

The design of this protection device shall fulfil at least the following requirements:

Each distance relay shall be of the full scheme and numerical type. Each relay line terminal shall
utilize a distance relay as a pilot protection for all combinations of phase faults and ground faults.
Each distance relay system shall be designed for use with a teleprotection equipment to permit high
speed simultaneous intertripping of the circuit breakers at both ends of the line. The
communication link shall be by means of a fiber optical cable. The pilot tripping and reclosing
schemes shall be in accordance with the requirements of Clause 3.1.1.

The directional phase and ground overcurrent relays shall be of the numerical type and shall be
used as a backup protection. Each relay system shall be provided with at least four (4) Inverse
Time Curves and one definite time characteristic. Each directional unit shall be voltage polarized
which shall be incorporated in each relay system.

At least four (4) Number of zones distance stages with impedance set polygon characteristics for
forward and reverse measurement shall be implemented.

Each distance relay shall be suitable for protection of long or short overhead line or cable, double
circuit lines, heavily loaded line, and with line weak infeed.

The time delay for each zone shall be independent, and the operating time of the relay shall be less
than 25 ms.

To ensure correct measurement under earth fault conditions, the relay shall be earth compensated
with both residual and a angular compensation for the proposed scheme OHL or cable.

VT or CVT supervision shall be included or CVT for monitoring the VT or CVT secondary voltage
and to detect low voltage or a blown-fuse in VT or CVTcircuit or all left open fuses of voltage
supply to the relay system.

VT supervision will block the trip of the distance protection. The logic for this feature if based on
zero component voltage and current shall not be influenced by magnetising inrush current during
energization of power transformers.

The power swing-blocking feature shall be able to block one, two, three or all zones. Power Swing
Blocking function shall be overridden under the presence of an earth fault.

Each distance relay shall operate properly with high values of source impedance. It shall be
capable of measuring all faults with minimum fault current of 0.2 time of rated current. The
maximum continuous operating current rating of the distance relay shall not be less than 2.0 times
of rated current. The measuring element shall be adjustable between 0.01 to 150 ohm per phase
with 1A current rating and 115 V secondary voltage rating.

In any substation where there are more than one transmission lines in parallel, effective means for
fault detection shall be provided for each distance relay with either one or all the lines in operation.

The required distance relay shall be suitable for operation with capacitive voltage transformers.

CT saturation shall not result in any relay misoperation for internal or external faults.

The relay shall not misoperate for current reversals that may occur during the clearing of external faults.
System logic for switch onto fault protection (SOTF) shall be implemented in the distance relay.
The SOTF feature shall be for a settable time 0 to 1 sec (remain for a time not exceeding 0.5 sec)

after the relay detects the local circuit has closed. This feature will block the autoreclosure scheme
and the tripping will trip instantaneously regardless of whether the fault is located at the near end
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or the remote end of the line. Any starting, measuring via distance comparators or any current level
detector, will initiate the tripping in this logic.

Stub protection function shall be provided for One and Half substation arrangement. This feature
shall be used to protect the remaining live portion of a primary circuit on which an disconnector
has been opened.

A logic for teleprotection schemes shall be regarded among the following topics according to the
scheme used:

- Permissive underreach Transfer Trip (PUTT),
- Permissive overreach Transfer Trip (POTT),
- Zone 1 extension,

- Blocking Overreach scheme. (BOR)

The logic scheme of the supplied teleprotection logic shall be submitted in block diagrams with
clear indication of the send logic, trip logic, open terminal end and weak end logic.

Reclosure and Check Synchronism functions

The recloser (79) and check synchronism (25 & 27/59) functions shall be selectable for the
following modes in the same time:

- Live bus/dead line

- Dead bus/live line

- Live bus/live line

- Voltage difference

- Frequency difference

- Angle difference
The recloser shall be activated by the internal protection and/or by all external protection order,
High speed and delayed single or three phase cycle followed by minimum 1 low speed cycle shall be possible.

The dead time setting range shall be adjustable approximately between 0.2 to 2.0 seconds. The reclaim
time setting range shall be adjustable between 1 to 300 seconds.

In the event that the reclosing relay is used with a synchro-check relay or voltage check relay, the
reclosing relay shall be capable of completing its reclosing cycle with a maximum time delay of 5
seconds imposed by the synchrocheck relay or voltage check relay.

If the reclosing relay is not inherently capable of operating with a supplemental device with a 5-second
pick-up then one extra timer shall be provided for this purpose.

Each reclosing relay may be combined with synchrocheck relay.

The synchronism check shall ensure that autoreclosure will proceed only if the synchronism conditions are
met, line voltage and bus voltage are in normal condition, at the same frequency, equal and in-phase.
Closing angle and operation times shall be independently adjustable. The synchro-check relay
operation shall be initiated by the reclosing relay.
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The recloser shall be coordinated with the line differential protection’s recloser so that for a fault on the
line, a single reclosing cycle is initiated. As a consequence, both reclosers may work on a parallel basis
(with the first acting recloser inhibiting the remaining one), or with a master/follower configuration.

Fault Locator

The distance from the relaying point to the fault location will be measured and displayed (in km) by the
incorporated fault locator units. The algorithm in this case shall take into consideration the pre-fault
load current.

Disturbance Recorder

In case of fault the internal Disturbance Recorder shall record and store four cycles of pre-fault and
at least seven cycles of post-trip data. This includes as well the voltages and currents as internal
relay information. Each event shall be tagged with date and time and stored in a non volatile
memory in chronological sequence.

Integral user interface shall allow easy access to analogue fault data and numerical input or output
status.

The EEPROM shall be a non-volatile area of the memory, and will fulfil the storage and maintain
the information within it even if the DC supply is removed. This area of the memory shall be
copied to the working RAM after a DC power up, but only written to and read from, if setting
changes are updated or a fault condition occurs.

The synchronisation from a common remote clock and locally through the substation control unit
by means of a general synchronising signal or by a manual menu guided instruction shall be
possible.

3.1.3  Backup protection (67-67N)

Phase and ground directional overcurrent relays shall be used to provide backup protection in
conjunction with the primary protection in Clause 3.1.1 and 3.1.2 for transmission lines against
phase and ground faults. Each directional unit shall be voltage-polarized.

The voltage-polarizing source shall be drawn from auxiliary transformers (included in the relay)
connected to line VT or CVT. At least 4 Inverse Time curves (IEC 60255) and 1 definite time shall
be provided. Each relay shall have a current setting range of 0.1-2.5 In and shall be used with 1 A.
rated secondary current CT.

Operation indicator with reset pushbutton shall be incorporated in each directional overcurrent
phase and ground faults protection for indication of the relay operation.

3.1.4  Tripping and interposing supervision relay (95)

Supervision relay shall be used for monitoring important control and signalling circuit such as
circuit breaker or disconnector circuits. The supervision relay shall be able to detect interruptions,
too high resistances cause by galvanically bad connections, increased transfer resistance in the
contacts, welding of the control contact, loss of control voltage and failure of the relay itself.
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3.1.5 Voltage circuits failure (27)

The fuse failure relay shall monitor the output of voltage transformer and will block the trip of
distance protectionand give an alarm in case of VT fuse failure. The 3-phase voltage shall be
monitored.

3.1.6  Transformer Protection 115 /MV

The protection of power transformer can be divided into two main groups able to detect:

- Internal faults, such as Short-circuit between windings, short-circuit between turns, Ground
faults, Tap changer failure and transformer tank oil leaks.

- External faults, such as Power system phase faults, Power system ground faults, Overload and
Overexcitation.

The main protection scheme required for power transformer internal phase and ground faults shall
be based on a differential protection relay. The detection of short-circuits between turns shall be
carry out by the use of a Restricted Earth fault protection. This function should be included in the
differential protection relay.

As a standard protection fitted to all oil immersed transformers, a Buchholz relay will detect all
insulation breakdowns inside the transformer tank, causing either the formation of gas or surges of
oil flow from the tank to the expansion vessel.

All faults detected by these relays will trip the HV and MV circuit breakers.

The overcurrent protection relay shall be used as back-up protection for internal and external phase
and ground faults.

3.1.6.1 Transformer Differential Protection (87 T — 64 REF)

The transformer differential protection relay required shall be of numerical type design with all
main functions individually configurable by the user.

A cut-off switch shall be provided on tripping circuit of each protective relay (main or back-up)
associated with transformer differential protection (breaker failure included).

Position of this switch shall be monitored by CSCS system.

The protective relay required shall be a biased differential current type (87T)able to protect 2 winding
transformer. Restricted Earth fault protection (64REF) shall be provided as part of the relay. The
64REF function shall be based on the high impedance circulating current principle with suitable non-
linear resistor and stabilizing resistor. Internal vector group compensation and line current
transformer ratio correction shall be performed through the dedicated software of the relay. No
interposing relays shall be accepted by the Authority.

The Internal Disturbance and Events recorder shall be able to measure and store Three voltage and
Three current by winding. In addition, analogue channels shall be provided to measure and store
fault current in the neutral(s). The relay shall be able in case of tripping events to store the input data
for 1 s with 2 periods pre-fault data.

The Internal Disturbance and Events recorder shall provide the possibility of external binary signal
acquisition for the purpose of indication and fault recording (Buchholz, O/C, E/F). Each event shall be
tagged with date and time and stored in a non-volatile memory in chronological sequence.
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The numerical relay shall be controlled by self-control routines (e.g. every 10 s) to avoid false
function and to permit early detection of any fault inside the relay.

3.1.6.2 Back-up Protection (50/51, 50G/51G)

The overcurrent protection device installed on both sides of the transformer and neutral connection,
as a back-up protection, shall be numerical independent relay elements able to measure phase and
ground faults.

At least one Definite Time and four selectable Inverse Time curves for the phase and ground
elements shall be provided according to IEC60255-3

- Standard inverse curve,
- Very inverse curve,

- Extremely inverse curve,
- Long time inverse curve

- Definite time ,
All setting will be entered by means of a built-in keypad or external portable computer.

All logic events and analogue information shall be stored in memory and shall be transferred to the
CSCS or PC for post analysis.

In the front of the relay at least 3 LED’s shall be able to indicate the following functions: Trip,
alarm, warning, healthy.

3.1.6.3 Static voltage regulator control relay (90)

The tap changer operation shall be controlled automatically by voltage regulating relay,
continuously monitored and initiated the tap changer mechanism. The relay shall have the
following facilities:

- Integral line drops compensation.
- Inverse or definitive time characteristics.

- In case of several transformers in parallel, reverse reactance or circulating current
compensation shall be taken in consideration.

- Under voltage, over voltage and over current supervision.

- Alarms.

3.1.6.4 Mechanical Functions

Following functions are the minimum to be provided: Buchholz alarm, Buchholz trip, oil flow
operated, oil pressure relief device of the OLTC, temperature monitor thermometer, thermal replica
and magnetic type oil level.

All necessary tripping relays associated with the transformer, should be provided e.g
- Buchholz protection,
- Transformer pressure relief device

- Transformer sudden pressure relay
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- LTC diverted switch pressure relief device
- LTC diverted switch sudden oil flow

Winding temperature sensors. Operating signal of these different sensors and protections shall be
routed to the binary inputs of the main integrated Differential protection.

3.1.7  Busbar Protection (87B)

Each busbar shall be protected by a low impedance numerical busbar protection, designed for high-
speed and selective protection of busbar installation. The hardware shall be based on a central unit
communicating to various line units through optic fiber. No hardwiring/analog interfacing between
units shall be accepted so as to minimize any potential interference with substation environment. In
case of busbar fault, the protection shall trip and lockout all breakers which connected with the faulty
bus, on both sides of the transformer and trip and lock-out the bus coupling breakers.

The protection scheme shall include an integrated check zone feature with independent fault criteria
detection. The check zone operation principle is independent from isolator status. Tripping takes
place only if zone and check zone detectors are operating simultaneously.

The protection shall be suitable for use on a bus with up to all connected feeders and shall have the
following properties :

- High sensitivity and selectivity for internal faults and high stability for external faults,

- All three-phase shall have the same pickup setting for the different current. This is to ensure
the same sensitivity for all three-phases,

- Phase-to-phase and phase-to-ground faults in solidly grounded system or resistance grounding.
- The protection shall be able to operate on CT’s having a wide range of different ratio,
- The function of the protection shall be blocked if a measuring circuit is faulty,

- Except on PEA special request, no special performance for CT’s supplying the protection shall
be required,

- Tripping time less than 20 ms,
- Event recorder with resolution of not more than 1 ms shall be provided,
- Self checking and supervision shall be continuously monitored,

- Extension of busbar protection shall be possible, and the protection cubicle provided shall
already be wired for the entire substation.

A cut-off switch shall be provided on tripping circuit of each protective relay (main or back-up)
associated with differential busbar (breaker failure included).

A control switch (87CO) with a separate red indicating lamp (LED) shall be provided with each set of
relays to segregate the auxiliary tripping and lockout relay from the differential relays as necessary to
prevent false tripping due to the bypassing of the current transformers. The busbar differential relay
shall be provided with a supervision unit, which shall be used to detect an unbalance current, or
voltage in the differential measuring circuit due to spill current or open CT circuits.

The red lamp (LED) shall light to indicate that the trip circuit from the differential relays to the
auxiliary tripping relay is open.

Each busbar differential relay shall be furnished with three (3) electrically separate normally open
contacts in addition to those required by the bus differential protection scheme.
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3.1.8  Breaker failure protection (50BF)

The breaker failure protection will be separated or integrated in the other protective relaying
system as required, and shall be of numerical type design with functions individually
configurable by the user.

The breaker failure protection for breaker and a half bus with or without transformer shall be of the
separated type.

In case of currents sensing elements (buchholz) are not available, external signal inputs performed via
binary inputs shall be incorporated in a tripping logic using auxiliary control of the CB.

The relay shall be sensitive to detect fault 0.2 to 2 times of the rated current, adjustable in steps of less
than to 01 times of this currents.

A breaker failure relaying shall be provided for each circuit breaker.
All protection relays of the dedicated feeder shall initiate the breaker failure relaying in case of fault.

Lockout relays shall be provided to prevent reclosure, either manual or automatic, until lockout relays
are reset.

Breaker failure Protection components shall be as follows:

3.1.8.1 Current Detector Relays (50BF).

Current detector relays shall be of numerical type, non-directional instantaneous overcurrent relays
with fast-resetting time of less than 12.5 milliseconds when the current drops to 90 per cent of the
pickup. Each shall contain either two-phase units with 0.2-1.6A pickup range and one ground unit
with 0.05-0.4A pickup range or three-phase units with 0.2-1.6A pickup ranges.

A control switch (50BF-CO) with a separate red indicating lamp (LED) shall be furnished with

each set of the relays, to segregate the auxiliary tripping and lockout relay from the current detector
relay.

3.1.8.2 Breaker Failure Timers (62BF).

Breaker failure timers shall be adjustable for use with current detector relay above. The setting
range shall be from 0.05 to 1.0 seconds in step of not more than 10 ms.

4. MV DEDICATED PROTECTION

Each MV switchgear shall be designed for the control, metering, protection and annunciation. The
switchgear shall also furnished all information to the remote control location for Substation
Computer-based Control System (CSCS) via CSCS equipment which are incorporated in each
switchgear section.

4.1.1  Outgoing feeder

Each outgoing feeder shall contain the following metering and relaying systems:

- 3phas ith instananeous and time-delayed units overcurrent protection, using 3 independent
stages | 50| ,
51
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- 1 Ground Fault with instantaneous and time-delayed units Overcurrent protection, using 3
independent stages(50G),
51G

- 1Reclosing relay having a minimum of 4 shots (79),
- 1 Breaker failure relaying sytem,
- 1 Event and disturbance recorder,

- 1 Metering system,
shall be fully integrated.

The phase and ground overcurrent protective relays and breaker failure current detector relay shall be
of numerical type design.

At least one Definite Time and four selectable Inverse Time curves for phase and ground elements
shall be provided according to IEC60255-3

- Normally inverse curve,

- Very inverse curve,

- Extremely inverse curve,
- Long time inverse curve

- Definite time.

All setting shall be entered by means of a built-in keypad or external portable computer.
Comprehensive data accumulated in the memory for post fault analysis shall be retrieved through
the serial interface into a personal computer.

In the front of the relay at least 3 LED’s shall be able to indicate the following functions: Trip,
alarm, warning, healthy.

The protection of all outgoing feeders shall be provided with a Local on-off function that can be
operated from HMI.

a) The reclosing function shall be initiated by both Overcurrent and Earth Fault protections.

The reclosing relay shall be capable of performing 4 (four) different shots, associated with 4
independent times.

- 1st shot instantaneous
- 2nd shot selectable 0.1 t0 10 s
- 3rd shot selectable 0.2 to 60 s

- 4th shot selectable 0.2 to 120 s
Dead time and reclaim times shall be adjustable.

b) Each under frequency relay shall be furnished to perform the load shedding scheme. Each
relay shall be provided with four steps frequency settings by using a selector switch, 5
position, “OFF”, “step#1”, “step#2”, “step#3”, and “step#4” for the purpose of tripping the
outgoing feeders as required. The switch shall be engraved on the escutcheon plate with the
following modes:
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OFF,
ON1=11
ON2=12
ON3=13
ON4=14
It shall only be possible to set the position of the settable switch locally.

The load shedding equipment shall not start the autoreclosing function. Restoration after load
shedding sequence shall be done manually, by a function "UF step 1 to step 4 reset".

The setting range for each steps shall be comprised between 50 and 45 Hz in step of approximately
0.02 Hz.

Time delay to allow a co-ordination between the different steps, settable between 0.2 to 10 s for each
step shall be provided.

Logic selectivity should be used wherever possible to reduce clearance time of fault.

The function shall be guaranteed with voltage levels of +10% to -40% of the rated voltage.

The function shall be blocked if the voltage is less than 60% of the rated voltage.

The accuracy of under/over frequency protection shall be 20 ms.

c) Breaker failure relay shall be initiated by protection relay, for each CB.

d) The current setting range shall be comprised between 0,1 to 1,3 In. Timer shall be adjustable
between 0,05 s to 5s. Metering, measuring active and reactive energies shall have an accuracy

of 0.5 and 1% respectively.

e) In addition 1 undervoltage relay and 1 overvoltage relay (due to the presence of capacitor
banks) shall be provided.

The setting range for both shall be 10 to 150 V by step of 0.5 V.
4.1.2  Incoming feeders

Each incoming feeder and bus-section shall be protected by a three-phase with instantaneous and
time-delayed overcurrent and a ground fault protection (59 50G ). These relays shall be identical
as the aforementioned paragraph. 51 51G

One set of instantaneous overcurrent (50 ARC) detector relays shall be provided to operate in

conjunction with the arc detection protection as called for in the Specification No. 4 (22 kV indoor
Metal-clad air insulated switchgear).

413 Capacitor Bank feeder

Capacitor Bank feeder shall be protected by:

- 3 phases overcurrent protection,
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5.1

5.1.1

- 1 Earth Fault Overcurrent protection,

- 1 Under and Overvoltage relay

The phase-to-phase and phase-to-earth Overcurrent protection, undervoltage and overvoltage relays
shall be identical as those described in paragraph “outgoing feeder”

In case of overvoltage occurs to the capacitor banks over the presetting voltage value, the
overvoltage (59) shall initiate the auxiliary tripping and lookout relay (86) to trip and block closing
of the vacuum switches (or SF6 breakers) and also cutoff the VT supply to the power factor
controller so that the power factor controller will return to it neutral stage for stopping the
operation.

The neutral connections of the Double Star arrangement of the capacitor bank shall be monitored
by one overcurrent relay (Unbalance protection) via a bushing current transformer (see
Specification Shunt Capacitor Bank NO. 14).

The current unbalance relay (60) shall be furnished with two-stage operation : the first stage shall
provide the alarm and the second stage shall provide contacts for tripping and alarm the capacitor
bank switching device.

ENVIRONMENTAL CONSTRAINTS AND ELECTROMAGNETIC
COMPATIBILITY

Environmental Data

All the equipment supplied in the scope of this project shall be compliant with the environment
constraints listed in this paragraph. Temperature requirements

Category I I 1]

Rated operation range ) T1: T2: T1: T2: T1: T2:
+5°C  +40°C -10°C  +55°C -25°C  +70°C

Maximum operation limits @ | T3: T4: T3: T4: Tl T2:
+5°C  +40°C -10°C  +55°C -25°C  +70°C

Relative humidity 75 % 80 % 90 %

At +23°C

Storage and transport -40°C  +70°C -40°C  +70°C -40°C  +70°C

conditions ®

Operation location example Air conditioned room Relay room Outdoor equipment

(1) Operational range:

@

Range of values that can take an influence quantity when the prescriptions regarding the error determined in rated
operating conditions are fulfilled.

Maximum operation limits:

Range of values that can take an influence quantity beyond the rated range of operation, in which an equipment can still
work without deterioration or degradation of its operating qualities when it works again at its rated conditions of

operation.

(3 Storage:
Set of climatic conditions to which the equipment can be submitted, when not operating, without deterioration or
degradation of its operating qualities when works again in its rated conditions of operation.
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5.1.1.2

The three above definitions are extracted from IEC60359.

Class of Equipment

The following description gives the class definition used in the next paragraphs (except the temperature
related paragraph):

CLASS 1: Low-level electromagnetic radiation environment, such as levels typical of local
radio/television stations located at more than 1 km and levels typical of low power transceivers.

CLASS 2: Moderate electromagnetic radiation environments, such as portable transceivers that
can be relatively close to the equipment but not closer than 1m.

CLASS 3: Severe electromagnetic radiation environments, such as levels typical of high power
transceivers in close proximity of the control equipment.

CLASS 4: Open class for situations involving very severe electromagnetic radiation
environments. The level is subject to negotiation between the user and the manufacturer or as defined
by the manufacturer.

According to these figures, the equipment to be supplied shall be compliant with tropical constraints.

TEST METHOD CLASS SEVERITY
Cold IEC60068-2-1 - - 25°C /96 h (storage)
+ 5°C /96 h (in operation)
Dry heat IEC60068-2-2 - + 70°C /96 h (storage)
+70°C /96 h (in operation)
Damp heat IEC60068-2-78 - +55°C /95% / 96 h (storage)
+40°C/93% /96 h
(in operation)

ELECTROMAGNETIC ENVIRONMENTAL STANDARDS

Isolation tests: voltage withstand

TEST METHOD CLASS SEVERITY

Rated insulation voltage | IEC60255-5 - 500 VDC
Insulation impedance IEC60255-5 - 100 MQ
ISOLATION TESTS: DIELECTRIC WITHSTAND

TEST METHOD CLASS SEVERITY

Rated insulation voltage | IEC60255-5 - 2 kV/50 Hz/1 mn
Isolation tests: impulse voltage withstand

TEST METHOD CLASS SEVERITY
Unidirectional surge IEC 61000-4-5 - 5 kV (supply)

1,2 /50 ps (voltage) IEC60255-5 5 kV (input/output)
8 /20 ps (current) 1 kV (communication)

Immunity tests against radiated electromagnetic field disturbances

TEST METHOD CLASS SEVERITY

Radiated IEC 61000-4-3 3 30 V/m

electromagnetic field IEC60255-22-3 (15 V/m for talky-walky
disturbance frequencies)

Immunity tests against recurrent fast transient

TEST METHOD CLASS SEVERITY

Electrical fast transient | IEC 61000-4-4 4 4 kV (supply)
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5113

512

burst 4 kV (input/output)
4 kV (communication)

1 MHz damped oscillatory wave tests

TEST METHOD CLASS SEVERITY
1 MHz damped | IEC60255-22-1 3 2,5 kV CM (supply)
oscillatory wave 2,5 kV (input/output)

2,5 kV (communication)

Electrostatic discharge

TEST METHOD CLASS SEVERITY

Electrostatic discharge | IEC 61000-4-2 4 15 kV contact
IEC60255-22-2

Mechanical shock

TEST METHOD CLASS SEVERITY
Semi-sinusoidal shock in | IEC60068-2-27 - 15g/11ms
operation 1 shock per sense and per axe

Fast transient tests for measuring relays with single input

TEST METHOD CLASS SEVERITY
Fast transient | IEC60255-3 3 2,5kV CM (supply)
disturbance test 2,5 kV (input/output)
2,5 kV (communication)

Vibrations

TEST METHOD CLASS SEVERITY
Sinusoidal vibrations (in | IEC60068-2-6 10to 55 Hz /0,15 mm or 2 gn
operation) 2 hours per axe
Ventilation

The specified equipment shall be able to operate in normal continuous service without forced
ventilation under the following environmental conditions. In order to increase the reliability a forced
ventilation shall be included. In case of a failure of the forced ventilation equipment, an alarm shall be
sent to the substation control unit.

The formation of condensed water on the circuit boards, modules, covering and in general in the
apparatus shall be avoided.

All equipment covered by this specification shall be selected and especially treated, as required, for
used in a tropical climate and for protection against fungus growth and corrosion during shipment and
storage.

Electromagnetic Environmental Precautions

The correct operation of the substation control system and protection equipment shall not be limited or
restricted by environmental influences. Therefore the substation control system and protection
equipment shall be designed to withstand the influence of :

- Switching operations in primary circuits
- Lightning stroke in HV line
- Lightning stroke in grounded component

- Switching operations in secondary circuits
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Faults occurring within or near the substation producing ground currents and ground potential
rise

Radio interferences produced by hand-held walkie-talkie type radio communication equipment
(P = 2 Watt) in the frequency range 80/160/460 MHz at 30 cm distance

The measures to be taken to reduce EMI (electromagnetic interferences) are listed below :

5.1.2.1 Primary circuits

Most of the measures listed below are necessary to protect HV equipment but they have also a
beneficial effect on interference to secondary circuits.

Protection against lightning strokes
Protection by lightning arrests
Configuration of earthing systems

Use of VT and CT with acceptable transient response

5.1.2.2 Secondary circuits

In secondary circuits the following measures shall be at least adopted to reduce EMI.

Separation of the various circuits connected with devices having different degrees of
interference level(power supplies, input and output network circuits, earth connections).

Galvanic separation of the 1/0O signal circuits and of the auxiliary supply circuit lines with
isolating relays, optodiodes, transformers, coupling condensers.

Screens of the cables from switch bays shall not be laid to adjacent unshielded circuits.

Further following measures are to be taken in the installation:

Separation (spacing out or different routes) of power circuits (e.g. a.c. power supply cables)
from control cables.

Separate cabling of the low frequency and high frequency circuits

Earthing connection of equipment shall be kept as short as possible and generally separated
from the cables. For HV equipment at least two connections are necessary.

Increasing density of the earthing mat meshes where the occurrence of high transient current is
more likely (lightning arresters, spark gaps, VT and CT).

Impedance between equipment (VT and CT etc.) and the earth network shall be as low as
possible.

Cable route shall run as far as possible from and not parallel to busbars or power cables.
The forward and return conductor of the same circuit shall run in the same cable.

Twisted pairs or quad cables shall be adopted whenever possible (i.e. low current circuits and
data lines).

Screened cables shall run as close together as possible.
DC auxiliary supply cables shall be laid in a radial configuration better than a ring.

Screen of perfectly homogeneous with low resistance, protected of the external high frequency
electric and magnetic field for the cables shall be provided.
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- Screen of the cables shall have low coupling impedance within the interference frequency
range.

- Earthing of the screen shall have very low impedance with adequate section minimum length
and optimum contact arrangements.

6. FACTORY TESTS
After the switchboard and cabinet structures shave been fabricated and all components assembled,
the complete gear including instruments, relays and devices shall be given standard factory tets and

all others the latest applicable standards. These tests shall include, but not be limited to, the
following :

e Dielectric Tests
e Sequence Tests
e  Check of Control Wiring

e Mechanical Tests
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SMALL WIRING

Spec. No. 15 : Small Wiring Page 1 of 14



Consulting Services for Substation Design and Standard Drawing and Specification Preparation of
Transmission System and Substation Development Project
Task 5 : Standard Specification

CONTENTS
1 GENERAL CONDITIONS ...ttt ettt ettt et e et e e e e s s st e e s st bt e e s eabae e s sbaeessebaeeessnres 3
1.1 T 0L0 )= =T 3
1.2 REFERENCE STANDARDS .....coiitttttiitt et s ittt e s e e st eebabe et s e e st s s bbb b essesssastab b besseassssabbbasseeesssssbbbabeeesessssbbabaseeesias 3
1.3 PRINCIPAL REQUIREMENTS .. .utiiiiiittie e ettt e e ettt e e eette e e e eataeeesbteeeaatbeeeeaabseeeabaeeeaasbseeeaabaeeessbaeesantaeeeasseeessnses 3
O T YTV Tor - @0 310 [ (16) 1 RS 3
1.3.3  DESIGN REQUITEIMENTS.......eiiiitiieitieieei ettt sttt ettt st st et se et e st et s beebeebeene e s e et e sbesbeabeeseeneeeenbeneenteas 4
2 600 V CONTROL CABLE AND 600 V SWITCHBOARD WIRE ......cccccoiiiieieece e 4
2.1 (10 N 210 T I O = 11 =S 4
22 S R 0 41 £ {1 o1 1 [0 4
2.2 SWITCHBOARD WIRE......ittiieiitett e ettt e s ettt e e ettt e e s ebteeesebbaseseabeeessbteeeaabbeeeeesbesessabeeesssbeesssabenesssbaneesbbesessnres 5
2 R O¢o 11 1 (U Tt o] o AR 5
2.3 (070] N 0180 K012 SR ] 4 =f TSSOSO 7
2.3.1  Conductor Sizes for CoNtrol Cable...........ooviiiiiice e 7
2.3.2  Conductor sizes for Switchboard and Equipment Control Cabinet Wiring ..........ccccoovrvvninnininiincnne 7
2.4 IMIETALLIC SHIELD ..utttiiiieitiiittttiieee e e setttteeseesseastttesseessassabaesseesssasbbbbeeseeeseasbbbbesseeessessbbbesssasssssbbbessseessssrres 7
2.5 CABLE AND WIRE IMARKINGS. ....uvtvtiiiieeiiiiitttittee s s esibbteteeeesssiabbattseeessssabbaaaeeeessssssbbateasessssasbbbsesssesssasrrrensss 8
2.6 (03121 I = =1 N 0T 8
2.7 PACKING ..ot 8
3. TERMINATION AND LABELLING ...ttt ettt ettt e st e s s seaae s e s sabeeessbeneeeans 9
4, LN SR I I N I 1O ]\ SRR 10
41 GENERAL REQUIREMENTS 11ttttiiiiiiittttttieeeesiitbtstessesssissssstessssssssisssssssessssssasssssessssssssssssssssessssassssresssesssnsssnns 10
4.2 (070] ] V| =Tox 1 (0] N ST PRSI 11
4.3 TERMINAL-TERMINAL BLOCKS ....ciiiitttiiiiii ittt sttt e sttt e s e s s s sab b e s e e e s s e s bbb b aa e e e s s e sbbbbaseeesessiasees 12
4.4 LIS =10 1 N 13
4.4.1  Verification of Measuring and ProteCtion DEVICES. .........coeiriiiiririiinieieicsieee st 13
4.4.2  V0Itage AN CUIMENE TEST.....cuiiiiiitiieietri et bbbt b bbbt bbb nnenes 13
4.4.3  Associated Testing EQUIPMENL. ..ottt 13
444 INSTAIIAEION. ..ottt e e ettt e sttt e e st e e e ste e e e s eateeessabeeeesataeeesaabaaessabaeeessaeeessabaneessrbeneas 13
5. (O AN ] I I N 1 1 N[ R 14

Spec. No. 15 : Small Wiring Page 2 of 14



Consulting Services for Substation Design and Standard Drawing and Specification Preparation of
Transmission System and Substation Development Project
Task 5 : Standard Specification

11

1.2

13

131

132

GENERAL CONDITIONS

Scope

This specification describes the requirements with which the manufacturer shall comply in order to
supply 600 V multi-core control cable, copper conductor, flexible metallic sheath, non fuel base
material insulated and non toxic, low smoke, halogen free (LSOH) material jacketed

Reference Standards

All equipment required within the scope of works shall conform as a basic requirement with the latest
edition of the following standards:

IEC 60068 . Environmental testing

IEC 60947-7-1 . Low voltage switchgear and controlgear — Part 7-1 : Ancillary
equipment -Terminal blocks for copper conductors.

NEMA WC5/ICEAS-61-402 :  Thermoplastic-insulated wire and cable for the transmission and
distribution of electrical energy

ASTM B3 . Standard specification for soft or annealed copper wire

TIS 838 : Standard for control cables

The latest edition of each standard shall mean the edition available on the date of signing the Contract.

Principal Requirements

Service Conditions

Cable insulating material shall be suitable for installation in wet and dry locations.
Site and Service Conditions

The equipment shall be capable of operating at its full ratings under site and service conditions as
mentioned below.

The switchgear room has no air conditioning system.

Seismic activity: None
Maximum wind speed: (=100 km/h)
Maximum recorded rainfall: 250 mm/day
Number of days with thunderstorm: 100 days/year
Average rainfall: 20 mm/day
Mean maximum annual relative humidity: 94%
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133

2.1

211

2111

2112

2113

2114

Mean minimum annual relative humidity: 79%
Minimum daily relative humidity: 17%
Maximum temperature of surfaces exposed to sunbeam: 80°C
Mean minimum daily temperature: 24°C
Maximum ambient temperature: 40°c®
Minimum ambient temperature: 11°C
Maximum ambient temperature in trench for Control cables 65°C

@ according to IEC 60694 over 400C will be possible under special requirement.
Design Requirements

The maximum continuous current-carrying capacity of each individual cable type and cross-section
used shall be determined, taking into account Site conditions. The resulting load reduction factors are
subject to the approval by the Authority.

The conductor cross-section of each cable shall be adequate to carry the fault currents determined by the
relevant short-circuit protection device when operating under the specified load conditions, without

deterioration of the dielectric properties. Calculation including the short-circuit calculations, shall form
part of the documents to be supplied by the Contractor.

600 V CONTROL CABLE AND 600 V SWITCHBOARD WIRE

Control Cable

Construction

The general construction of the control cable shall be suitable for installation in wet and dry locations
and shall be furnished with the characteristics described herein. The control cable shall meet the
following specific requirements.

Conductors The conductor shall be of soft or annealed uncoated copper wire and shall conform to
ASTM B3. Concentric-stranded conductor shall conform to Table 2.

Insulation The insulation shall be polyvinyl chloride suitable for use on a copper conductor with a
maximum operating temperature not less than 75 °C

The insulation thickness shall not be less than 1.14 mm (0.045 in).
The insulation shall conform to Part 3 of ICEA Pub. No. S-61-402.

Fillers. Fillers shall be used in the interstice of the multi conductor, cable where necessary to give the
complete cable a substantially circular cross section.

Wrapping. The cable shall be helically wrapped over the filler and copper shielding with 0.0254 mm
(0.001 in) thickness non-hygroscopic mylar or polyester tape.
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2.1.1.5 Inner Jacket. Inner jacket shall be polyvinyl chloride or polyethylene of at least 1.14 mm(0.045 in)
thickness and shall be applied over the wrapping

2.1.1.6 Shielding. The shielding shall be annealed copper tape of suitable width and shall be helically applied
over the inner jacket with a minimum 10% lap.

The annealed copper tape shall be at least 0.1 mm (0.004 in) thickness and substantially free from
burrs.

2.1.1.7  Jacket. The jacket shall be of a black polyvinyl chloride jacket over the wrapping and shall comply in
all respects with Part 4 of ICEA Pub. No. S-61-402.

2.1.1.8  Circuit Identification. The assembly of conductors in cable composed of 12 conductors or less shall
be in accordance with the combinations given in the Table 1. When more than one color is required,
the base and tracer color coding shall conform to method 1, Part 5 of ICEA Pub. No. S-61-402.

2.1.1.9  Spare Conductors. The minimum number of spare conductors in each control cable shall be as

follows:
Conductor Number in Cable Minimum Number of Spare Conductors
2 NIL
3 NIL
4 NIL
5 NIL
9 2
12 2
2.2 Switchboard Wire
221 Construction

The Switchboard wire shall be suitable for installation in dry location especially for wiring used
within the control switchboard or other substation equipment control cabinets.

2.2.1.1  Conductors. The conductor shall be soft drawn or annealed tin-coated copper wire and shall conform
to ASTM B3. Concentric-stranded conductor shall conform to Table 3.

2.2.1.2 Insulation The insulation shall be polyvinyl chloride suitable for use on a copper conductor with a
maximum temperature not less than 75 °C. The insulation thickness shall not be less than 1.14 mm
(0.045 in) The insulation shall conform to Part 3 of ICEA Pub No. S-61-402.

Table 1 : Colors Sequence for Control Cables

Conductor Number Background or Base Color Tracer Color
1 Black -
2 White -
3 Red -
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Conductor Number Background or Base Color Tracer Color

4 Green -

5 Orange -

6 Blue -

7 White Black
8 Red Black
9 Green Black
10 Orange Black
11 Blue Black
12 Black White

Table 2 : Stranded Conductor for Control Cables

Conductor Size No of Strands Nominal Strand Approximate Overall
(sg.mm) Diameter (mm) Diameter (mm)
15 7 0.50 1.50
2.5 7 0.67 2.01
4 7 0.85 2.55
6 7 1.04 3.12

Table 3 : Switchboard Wire

Conductor Size No of Strands Nominal Strand Approximate Overall
(sq. mm.) Diameter (mm) Diameter (mm)
15 30 0.25 4.2
25 50 0.25 4.7
4.0 56 0.30 5.3
6.0 84 0.30 5.9
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2.3

23.1

2311
23.1.2

2.3.13

23.14

2.3.15

2.3.2

2321
2.3.2.2

2.3.23

2324

2.3.2.5

24

Conductors Sizes

All switchboard wires used within the control and protective relay boards or other control cabinet shall
be tinned, stranded copper switchboard wire and shall meet the requirement of ICEA Pub. No. S-61-
402.

Conductor Sizes for Control Cable

Each control cable conductor minimum sizes used for power supply and control circuits shall be as
follows:

Secondary current transformer circuits 4 sg.mm. (for CTsec 1A)
Secondary voltage transformer circuit 2.5 sg.mm.
Substation equipment D-C or 4 sg.mm.

A-C Control circuits
Status and alarm circuit 15 sg.mm.
Power supply circuit 4 sg.mm.

The voltage drop at the load for 2.3.1.5 shall not be more than 3%.

Conductor sizes for Switchboard and Equipment Control Cabinet Wiring

Wiring used within the switchboards, and other equipment control cabinets shall have minimum sizes as
follows:

Secondary current transformer circuits 4 sg.mm. (for CTsec 1A)
Secondary voltage transformer circuits 25 sg.mm.
Substation equipment D-C or A-C 25 sg.mm.

control circuits

Status and alarm circuits 15 sg.mm.

Power supply circuits 4 sg.mm.

Calculation of secondary current circuits for Clauses 2.3.1.1 and 2.3.2.1 shall be submitted to the
Authority for approval. The Authority shall review the calculation, if a larger size of control cable and

switchboard wire are required for the proper functions of the protection, then the Contractor shall carry
out to change the size of the control cable and switchboard wire without extra charge to the Authority.

Metallic Shield

Metallic shield shall be made of copper tape for control cables.

As Metal Sheath Cables are installed, non magnetic metallic glands which effective earth the armour,
are recommended for all cable entries. All joints in cables should be made in such a way as to prevent
entry of vermins as well as to maintain the fire circuit integrity. The manufacturer shall have a tested
joint system with test reports indicating compliance. Termination by crimping is recommended.
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Metal shields of the control cables shall be grounded at both ends of each cable. Each end of the cable
shield shall be welded to an insulated 600V, PVC, copper ground conductor with 6 sg.mm size and this
conductor shall then be attached to the ground bus by a terminal lug provided inside of the equipment
cabinets, instrument transformer junction boxes, and the switchboards.

Provision for sealing at each end of the cable shall be provided including wrapping over the connection
of the shield and the insulated ground conductor by the PVC insulating tape.

25 Cable and Wire Markings.

The following information shall be printed on the surface of the cable and wires:
2.5.1  Name of manufacturer
2.5.2  Size of cables and wires and number of conductors
2.5.3  Type of insulation
2.5.4  Voltage classification

2.55 Date of manufacturer
2.6 Cable Ends

An end cap shall be provided on the cable end to which special attention shall be paid to prevent
penetration of moisture during transportation.

2.7 Packing

All cables and wires shall be packed on reels. The reels shall be nonreturnable and shall be included in
the prices of the cables and wires offered. The length of the cable and wire to be packed on each reel
shall be as indicated below:

Control cables : 500 m + 0.5%

Switchboard wires : 100, 150 or 200 m + 0.5%

The following information shall be displayed :

e  Name of manufacturer

e  Size and number of conductors

e Type of insulation and voltage classification

e Length of cable

¢ Reel number and other suitable indentification for reel and reel size.
e Date of manufacture

e Total weight
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3. TERMINATION AND LABELING

For all terminations of wires and cables the insulation shall be neatly stripped without nicking the
strands of the conductors.

Each cable end shall be equipped with compression cable lug. Cable lugs for power cables shall be of
adequate size.

Cable shall be firmly fixed on metallic supports.
Brass cable gland shall be used.

Cable glands or clamps shall be fitted in all cases to prevent stresses on conductors or terminals. It is
important that the sealing compound and sleeving used in terminations is selected to suit the service
conditions under which the cable is to operate.

No terminations will be accepted, if the insulation readings, 24 hours after making off, is less than 100
megohm using a standard 500 V or 1,000 V “Megger” (cables only).

Some slack cable in a loop or other suitable form is to be provided in a convenient place in the runs,
where required.

Designation of each end of cable conductor or switchboard wire shall be marked with destination
terminal name.

Each terminal shall carry a letter or number marking. Terminals shall be numbered on the terminal
block in chronological order, from left to right and from bottom to top.

Dividers shall be provided to separate incomings. In addition, provision of a side marking shall allow
identification of the cable arriving from the outside. Terminal covers with dividers shall be fitted onto
power terminal blocks.

The wiring shall be arranged so as to avoid masking the distinctive markings of functional elements.

Wiring drawings for control and relay panels shall show wire and cable terminations for external
wiring.

The ends of each cable core and all secondary panel wiring shall be fitted with white ferrules marked by
printed black numbers, with the identification being the same as for the relevant terminals. Both ends of
each cable shall be marked with terminal destination, including cubicle name, equipment name and pin
number.

. In case different terminal boards are arranged close to each other, the numbers on the ferrules shall
contain the terminal board denomination and the terminal number. The ferrules shall be fitted in such a
way, that they cannot become detached when the wire is removed from the terminal. All internal wiring
shall enter the terminal block from one side only.

The moisture and oil-resisting insulation material shall have a gloss finish.

All wiring used within the equipment control cabinets switchboards, and interposing relay cabinets shall
meet the requirements of this Specification.
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4.1

INSTALLATION
General requirements

The Contractor shall perform all relevant design and dimensioning of the complete cable systems and
prepare the cable installation drawings with cable routing, connection diagrams and cable lists, details,
etc.

All secondary wiring shall be arranged and protected to prevent damage it by arcing or by mechanical
effects.

Power supplies for all control circuits of switchboard mounted devices, all control cabinet mounted
devices, VT secondary circuits, and any other individual control circuits shall each be protected and
provided with a miniature circuit breaker connected to isolate the devices from power supplies in the
tripped or open position. The miniature circuit breakers shall be located within the switchboards or
cabinets. Engraves nameplates shall be installed beside each set of the miniature circuit breaker for
identification.

Each miniature circuit breaker shall be equipped with two electrically separated normally closed
contacts: one for initiating the annunciator on the switchboard panel and the other shall be wired to the
CSCS for alarm.

Wiring shall be neatly run, bundled or in rigid P\VC wire-ways filled to not more than 70%.

Different functions of service, such as VT and CT circuits, tripping and annunciation shall not be routed
in the same cable.

Control cables and high voltage power cables shall not use the same route.
Low voltage power cables and control cables shall be adequately spaced.

The installation of wiring shall take into account stresses due to vibration and the proximity of elements
dissipating heat.

The Contractor shall ensure that all cabinets of the same type are wired in an identical manner.

All necessary precautions shall be taken to minimize inductive and capacitive coupling between
different types of circuit.

Special precaution shall be taken to ensure, that no magnetic circuit is formed around single-core cables
laid in single or trefoil formation, or around any cable liable to carry unbalanced currents.

The wiring shall be laid in ridged plastic ducts with slotted lateral openings. The conductors placed in
the ducts shall have sufficient extra length. The fill factor for ducts shall not exceed 70%. The plastic
material shall be sturdy and shall allow the ducts to withstand the impact resistance tests on apparatus
with a reinforced enclosure. Burning of the plastic material through exposure to flame shall not spread
beyond the combustion zone once the flame has been removed.

Splices or tee connections shall not be permitted in control wiring or instrument leads. Terminal blocks
shall be used for all terminations

The cut end of cables shall be treated to prevent seepage of water into the cable. When unreeling cable
from the cable drums, special care shall be taken to prevent damage to the cables. When moving the
cover of the drum, care shall be taken to prevent damage to the cable sheath.
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4.2

The Contractor shall provide all necessary materials for installation of the cables, such as grounding
lead wires, compression type terminals, metal fitting, bolts and nuts including cable identification and
felt packing to be inserted between cables and cleats.

Cables installed on cable racks, shall be firmly fixed to the cable rack at suitable intervals by plastic
cable ties or equivalent.

All cables shall be provided with cable support.

During installation, care shall be taken not to damage the outer sheath of all wires and cable. Cables
damaged during installation shall be repaired or replaced to PEA satisfaction at no additional charge.

Connections

In low voltage equipment, there are many connections, and faults caused by them play a major part in
declining reliability of equipment. For each wire no intermediate connection is allowed between
terminal blocks or equipments. It shall therefore be necessary to guarantee reliability of components
used and to take care in their installation.

e  Crimping

This type of connection shall be made with specially designed equipment for the type of crimping
required.

Crimping of two conductors in the same cable lug or in the same terminal end shall be prohibited.
e  Connection by Coiled Wire (Wire Wrapping).

This connection technique requires use of a special tool and shall be implemented following good
trade practice (choice of post, device, etc.)

e Screw-Type Connection
The design of the various elements shall guarantee against any accidental unscrewing.

The tightening of conductors shall guarantee a low contact resistance and secure attachment of the
conductor, without damaging it.

e Clip Connection

The quality of this type of connection depends largely on the quality of the components used; the
Contractor shall indicate their characteristics.

e  Connection by Connectors
The connectors installed in humid premises or outdoors shall have the following characteristics:
quality and protection of electrical contacts for low currents (gold on nickel),
watertight against dripping from whatever direction,
withstand to 100% environment (relative humidity),
corrosion resistant material ("Marine" bronze).

The connection of connectors shall be carried out by qualified personnel.
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4.3

The guarantee of effective watertightness of the cable-connector assembly shall require the
installation on each cable of a heat-shrinking cap, with epoxy resin injection in the hollow parts.

Each end of conductor of control cable and switchboard wire shall be provided with ring-tongue
terminal lug to avoid CT open-circuited due to a loose screw.

Terminal-Terminal Blocks

All electrical connections from equipment to the outside shall be via terminal blocks. These terminal
blocks shall be positioned vertically on both sides of the frame and in the lower part of cubicles or
accessories.

The terminals shall be installed on metal "support plates” which serve as both the mount and the
securing device of the assembly.

Each bank of terminals shall be blocked off at the each end by a fixed stop.
Terminals with clamping screws in direct contact with the conductor are not acceptable.
Terminal for CT circuit shall be of the short-link type.

Terminals blocks shall be grouped by category:

X1 - For annuciator circuit
X2 - For indicator circuit
X3 - For control and auxiliary relay circuit

X4 - For VT circuit

X5 - For DC auxiliary supply

X6 -  For CSCS circuit

X7 - For AC auxiliary supply

X8 - For Capacitor bank

X9 - For CT circuit

For each category, terminal blocks shall be provided with 20% spare terminals.

Insulating barriers shall be provided using separators to avoid any short-circuits. Terminals shall be
sized according to the conductors to be connected (8 mm pitch terminals with 4 mm test cells or 6 mm

pitch terminals with 2 mm test cells).

Each terminal shall carry a printed letter or number marking. Terminals shall be numbered on the
terminal block in chronological order, from left to right and from bottom to top.

Dividers shall be provided to separate incomings. In addition, provision of a side marking shall allow
identification of the cable arriving from the outside. Terminal covers with dividers shall be fitted onto
power terminal blocks.
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4.4

441

4472

443

444

Test Boxes

Verification of Measuring and Protection Devices.

Test block boxes shall be used to verify the essential circuits of protection and metering devices, since
they facilitate inspection operations without affecting the safety of the assembly. They shall allow
simultaneous measurement of currents and voltages feeding these protection systems and shall cancel
all functions, except alarms and indications, during tests.

Protection systems mounted in cubicles shall always be fitted with these boxes to facilitate their testing
using suitable testing sets.

These boxes shall always admit a current of 30 A, withstanding over-currents from major faults - over-
currents which are fully transmitted by current reducers.

Depending on the complexity of the diagrams or the verifications to be performed, the terminal boxes
may correspond either to each set of instrument transformers, or to a measurement unit or specific
protection unit.

The various circuits may be tested in operation.

Voltage and Current Test

Boxes used for testing shall be closed by a cover, allowing continuity of the circuits.

These boxes shall not break the circuits when the cover is removed. For CT circuit, short circuit
facilities shall be provided.

These boxes shall be flush mounted.

The maximum acceptable intensity shall always be 30 A. The dielectric strength testing voltage shall be
2000 V - 50Hz.

The various elements comprising these boxes shall be protected from environmental factors, in
compliance with IEC publication number 60068.

Sockets shall include an orientation pin to avoid any connection errors.

The various position and combination of these pins shall be proposed by the Contractor.
By-pass of the "voltage" circuits on the terminal block shall be possible.

Screw-type connection shall be used.

"Current" circuits shall always be connected using round centrally drilled cable lugs.
Associated Testing Equipment.

The Contractor providing the elements fitted with test boxes shall also provide equipment for testing the
circuits.

Connection sockets with leads shall be provided.

Installation.

All the test boxes installed shall be of the same type.

Spec. No. 15 : Small Wiring Page 13 of 14



Consulting Services for Substation Design and Standard Drawing and Specification Preparation of
Transmission System and Substation Development Project
Task 5 : Standard Specification

5. CABLE LAYING

The Contractor shall select the most suitable cable routes and raceways, ensuring a minimum of
interference with other installations.

Routing shall be as short as possible, and shall pass through reserved areas free of any components,
screws and bolts; in the proximity of removable or adjustable elements, wires shall be effectively
protected.

As appropriate for the various locations the cables shall be installed in cable ducts, raceways, conduit —
or tray systems, cable trenches, etc., or laid directly in the ground.

Cables running inside buildings or concrete trenches shall be laid on trays. The trays shall be of
adequate strength and size to carry the specified number of cables, provide 25% spare capacity. The
design of such trays shall include a safety factor to avoid permanent distortion, when supporting
erection staff during cable installation. The trays shall be of suitable aluminium alloys or hot-dip
galvanized steel standard materials.

Cable trays shall normally be of the ladder-type consisting of bars with rungs, evenly spaced (maximum
300 mm) according to requirements. Perforated, covered metal trays shall be used in highly polluted or
otherwise endangered surroundings. All trays shall be rigidly fixed on supporting steel structures,
masonry or galvanized racks. Cable trays arranged one above the other shall be at least 200 mm apart in
case of power cables and 150 mm in case of control cables.

Earthing cable of the same size the one used for grounding grid shall be laid along cable tray and fixed
as shown on corresponding drawing.

Cables laid on trays or racks shall be properly fixed or clamped. Supports and racks shall be arranged to
facilitate removal or replacement of cables.

Cables branched from general raceways and directed to the relevant equipment shall be suitably
protected, where required, over their entire lengths by e.g. galvanized steel conduits sealed at their ends
against ingress of water. Conduits shall be fixed on steel structures, brickwork or be embedded in
concrete floors or walls according to field requirements.

Conduits embedded in concrete or block-work shall be of a suitably rigid PVC-type. Cables laid
outdoors, across roads in concrete or foundations shall run in hard PVC plastic pipes buried in ground at
a depth of not less than 600 mm or embedded in concrete foundations at suitable depth.

The cross-sectional area of such ducts shall be utilized to 50% only. Pipe ducts shall terminate in
concrete draw pits before entering buildings. Draw-pits shall be provided where required to facilitate
cable installation.

Cables on brick walls or similar civil structures can be installed in conduits (galvanized steel conduits
within the reach of persons or erection/maintenance devices, PVC conduits in other areas) or in pre-
fabricated installation channels made of galvanized sheet metal or plastic.

Unarmored cables shall be properly protected against mechanical damage, where leaving ducts or
covered trenches and the like.

Fire-partitions shall be provided where cables are passing through different fire zones or where entering
cubicles and panels.

Pulling, fixing and terminating of cables shall be strictly in accordance with the manufacturer’s
instructions, using the recommended tools and appliances.
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