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TECHNICAL SPECIFICATIONS

1. GENERALITIES

1.1. SCOPE OF CALLING FOR OFFERS:

This calling for offers comprises the design, manufacturing, assembly, testing at factory,
packing, delivery to site, commissioning tests and handing over in a perfect condition and working
order of two parts mobile substation: (66/20-15) kV with 66 kVswitchgear trailer and 20 kV GIS metal
enclosure switchgear trailer (without truck).

The offer shall cover the supply of the following main items for each two-parts mobile
substation.

|- One 20 MVA main transformer 66/20-15 kV.

2- One 66 kV switchgear for the transmission line feeding the 20MV A main transformer.

3- One earthing transformer 20-15/0.4 kV (100 kVA) as Auxiliary.

4- (20) kV GIS metal enclosure switchgear consisting of one incoming feeder, four outgoing
feeders; and complete terminal plug-in cables 300 mm?/Cu for incoming and complete terminal
plug-in cables 240 mm?/Al for outgoing (outgoing cables not included).

5. XLPE cables 300 mm%Cu connections between the transformer and the incoming feeder with
not less than 15m length from each of the two parts of the mobile substation with complete
terminal plug-in cables.

6- Control, protection and measuring devices.

7- AC and DC auxiliaries.

8- LV cables.

9- Two trailer units without truck having suitable dimensions and international transport
dimentions.

10- An easy removable portal for connecting with 66 kV.

11- An easy removable safety fence.

In addition to the above-mention supplies, the supplier will be entrusted with the following
services:
- Supply of final documentation including instructions for installations, operation,
maintenance, and site arrangements.
- On site training services.

1.2. STRUCTURAL SUPPORTS:

The scope of supply shall be complete with all the necessary supporting frame works which
shall satisfactorily be protected against corrosion.

1.3. CONNECTION TO (66) kV LINE

Offerers will describe in details the method adopted for connecting the bay equipment to the
overhead transmission line. All materials needed for this connection will be a part of the scope of the
supply.

The said materials shall include the following:

A) All insulators (post, suspension and tension) with their fittings and arcing gaps to be erected

on the portal.

B) Lightning roads to be mounted on the portal complete with suitable cross section earthing

wire for connection between lightning roads and terminals of earthing mesh.

C) All additional insulators, T-connectors bimetallic elements and any other fittings that may

be needed either on the substation equipment or (66) kV network.

-2
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1.4. LOCATION WHERE MOBILE SUBSTATION WILL BE INSTALLED:
Mobile substation are intended to be utilized according to the description in the BOQ .

The (66) kV overhead transmission lines are equipped with 228mm? conductor for Taybeh and
248mm? for Bogsmaya.

1.5. AUXILIARY EQUIPMENT:
1.5.1. EARTHING SYSTEM:
An effective earthing system shall be provided for the substations. It shall be so designed that

in case of any fault, whether inside or outside the substation the voltage to earth of any part that is
supposed to be earthed shall be within the limits stated by the IEC regulations.

The earthing system should be designed as to keep the "step" and "touch" potentials within
acceptable limits, thereby ensuring the safety of personnel. The design shall be based on taking into
consideration the soil specific resistivity at substation site.

The strip connections to the earth plates, rods or pipes shall be melted.

Earthing strip connecting the various equipment to be earthed to the earthing pit, shall be of
copper conductors and shall be arranged in an orderly manner ground the substation equipment. The
cross-section of the earthing installation shall be sufficient to carry the maximum short circuit current
of the system for one second duration.

All parts of apparatus, tanks, tank covers, as well as one side of all the secondaries of current
and potential transformers shall be earthed. The trasformers, apparatuses, and leads of the switchgear
are protected from direct lightning strokes by a system of lightning rods.

The contractor must submit a detailed description of the method of earthing they propose for
all parts required to be kept at the potential of the ground.

1.5.2. SUBSTATION LIGHTING:
1.5.2.1 General:

The main lighting circuit shall be fed from the low voltage AC supply 220V (phase to neutral)
and shall be installed in all parts of substation. A separate emergency lighting circuit shall be fed from
the DC supply and shall be automatically connected in case of failure of the AC supply. Emergency
lighting lamps shall be located in appropriate positions to ensure continuity of operation and control.

Emergency lighting lamps (flashing and phosphoric lamps) shall be located in appropriate
positions at the sites, front, rear, of both parts of the mobile substation and it should be fed from the

tractor batteries.
Both circuits shall be installed in both parts of the mobile substation.

LED lamps shall be installed in both parts of the mobile substation and the intensity of
illumination shall not be less than 300 lux at the 66kV and 20-15kV. Control room shall be 450 lux.

The intensity of illumination of emergency lighting shall not be less than 50 lux. For external
lighting (outdoor-drip proof) the illumination intensity shall be not less than 50 lux.

1.5.2.2. Lighting Distribution Panels:

A main lighting distribution board shall be installed feeding the sub-distribution panels in the
different parts of the mobile substation. The distribution panels shall be complete with the necessary
swiches, CB, protection, etc.

1.5.2.3. Lighting Connections and Appliances:

The wiring shall be carried out with rubber or PVC insulated wires placed in steel tubes.
Separate systems being used for the AC and DC circuits.
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Power sockets of suitable rating shall be provided in appropriate positions in both parts of the
mobile substation.

1.6. TRAILER UNITS WITHOUT TRUCKS:

The required mobile substations shall consist of two trailers. The first one is for the 66kV
switchgear, the main transformer and may be for the earthing/auxiliary transformer. The second is for
battery sets, chargers, 20-15kV GIS, controls, AC/DC panels, protections, and communications.

Both trailers shall be suitable for locating the mobile substation equipment while providing for
necessary clearances as fixed by IEC standard and for sufficient clear passages, so as to guarantee
safety of personnel for operation and maintenance .

- Maximum transportation Height for trailer not to exceed 4.5m.

- Offerer has to define the axles number of both semi trailers and number of tires, their
quality and specifications, suspension, distance between the axles, the dimensions and
specifications of used beams.

Kingpin according to European standard 90 mm (3.5inch). Both trailers should achieve the
following:

Outrigger : mechanical.

Suspension  : leaf spring.

Spare Tires  : two with jacks.

1.7. PORTAL:

The required mobile substations shall be equipped with a beam steel portal of an easily
removable type. It shall be used for the entry of a single circuit, three phase ACSR conductor

248mm?>.
The portal members shall be of steel hot-dip galvanized and provided complete with bolts, nuts,

plain washers, spring washers, two sets of stubs per portal and suitable clamps for fixing the
underground cables.

1.8. SAFETY FENCE:

Mobile substations shall be equipped with all elements and materials to form a safety fence of
an easily removable type and of ample dimensions to guarantee the safety of personnel.

Offerers have to describe in details the proposed safety fence.

1.9. TIME SCHEDULE:

Offerers are requested to submit the program of manufacture, testing, supply, as well as dates
of submitting the design and drawings works to execute the substation.

1.10. PRE-MADE KIOSK (Shelter):

Pre-made kiosk (shelter) shall be supplied with suitable insulation for environmental conditions
(heat, dust, etc...) and air conditioning. Taking into consideration that the 20-15kV GIS bays
protection, control, AC/ DC, will be installed and keeping suitable operation for external ambiant
temperature range of (-5,+50)°C.

1.11. DESIGN:

Design for the substations should take into considerations the following items:
1- Interlock system should prevent access to live parts.
2- Design should ensure easy maintenance.
3- Design should ensure complete protection for operators and maintenance groups along with

damage, risks, in case of fault and failures.
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4- Transformer shall be outdoor design.

5- Special care shall be made to noise level at transformers, transformer fan and ventilators, as
the substation will be located in residential areas.

6- All indoor (AC, DC, protection, control, etc.) panels should be IP51 degree protection.

7- All outdoor panels should be [P54 degree protection.

8- The substation will be designed to fit the available spaces and to integrate with the environment
keeping high performance, quality, reliability, safety of operation and maintenance, and safety
of people.

9- Road Conditions : a) maximum axial metric load 13tons.

b) maximum height is 4.50m.
¢) maximum width 3.4m.

1.12. SITE CONDITIONS:

The climatic conditions of the site is subtropical.
The tropical climate prevails in summer and temperate climate winter.

Operation Range:

- Maximum ambient temperature 1 +50°C

- Minimum ambient temperature e

- Maximum wind velocity : 35m/s

- Relative air humidity, average : 70-80%

- Altitude : <1000m

- Seismicity :0.15¢

Storage Conditions:

- Maximum temperature : +70°C

- Minimum temperature :-10°C

- Relative air humidity average : 95%.

1.13. AUXILIARY POWER SUPPLY:

The equipment shall be designed to operate under the voltage range as follows:

1- (48) VDC-30% +1 0% for:
* Circuit breakers trip coils
* Protection
* Emergency lighting

2-(220/380) VAC -20% +10% single phase or/and three phase for:
* Transformers fans
* Heating, ventilation, air conditioning, lighting

3- (48) VDC -20%+10% for:
* Control and interlocking circuit
* Qperating mechanism CB
* CB Closing coil

1.14. PROTECTIONS:

Only digital relays for all protections are accepted and the relays passing the type tests

successfully. The type tests certificates must be included with tender documents, otherwise we reserve
ourselves the right to disqualify the offer.
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1- Relays:
Only offers of digital relays which satisfy the following conditions will be acceptable.

1-1 The relays shall conform to all relevant IEC 60255 standards.

1-2 Type test certificates from an international and independent organization shall be
submitted with the offer for relays.

1-3 Reference list demonstrating that at least (3) relays of each type have been in successful
service for at least three years shall be submitted with the offer.

1-4 The relays shall be guaranteed for at least two years from the date od commissioning.

1-5 The offerer shall give guarantee period five years for spare elements.

1-6 The relays shall be able to be monitored from a PC.

1-7 The offerer shall provide evidence of full ISO9000 certificate.

2-Protection Cabinets:

2-1 Relays shall be mounted on standard 19 inch racks in sealed cabinets with transparent
local front door.

2-2 As the site atmosphere is very dusty, the protection class panels shall be of protection
degree >IP41 (indoor), >IP53 (outdoor) in accordance with IEC60529.

2-3 Cabinets shall be so designed that their internal temperature_does not exceed the
allowable operating temperature of the protection relays as specified in this specification
for any operative duty.

2-4 The offerer shall provide internationally witnessed test certificateswhich demonstrate
this.

1.15. LOCAL CONTROL SYSTEM FOR SUBSTATION:

The offerers are requested to offer a digital local control unit, control panels with compact
design which shall satisfy the following conditions:
1- Digital Local control units should be submitted as part of the system.
2- The offerers shall submit sufficient evidence to prove reliability of system under all conditions.
3- The system should have standard communication protocol.
4- The offerers shall submit reference list to prove successful service for (6) control systems in
different networks for two years.

1.16. STANDARDS AND NORMS:

All equipment shall be designed, manufactured and tested at factory and on site in conformity
with the latest applicable IEC standards.

Whenever an IEC standard has not been issued for an equipment, offerers shall state the
available applicable standards or norms followed in the design, manufacture and testing of such
equipment and shall enclose an English and/or french copy of them.

Offer documents shall include a list covering all standards and norms to be applied for
manufacture of the equipment, construction, installation, and testing. The offer shall also specify the
testing to be carried out, keeping in mind that the testing proposed in the specifications are stated only
as a minimum.

The minimum creepage distance of insulators shall be:

o for 66kV: 25mm/kv x highest system voltage phase to phase x KD, where "KD" is correction
factor due to diameter.

e for 20-15kV indoor cubicle, less value can be accepted.

Minimum accepted clearances phase to phase or phase to earth are IEC for (66) kV system.
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1.17. EXPERT SUPERVISOR ON SITE:

The Contractor will send one expert for one week (for each mobile S/S) to do the site
installation, commissioning, testing, calibration and putting the mobile S/S in operation with
participation of EDL technicians on site.

The contractor will submit the expert work program at least one month before his arrival, in
order to be approved by EDL.
1.18. GUARANTEE PERIOD:

The Contractor shall guarantee the work and the proper execution thereof for the period stated
in contract conditions of this call to offers.

During the guarantee period, the Contractor shall, at his own expenses, restore the works found
defective or damaged, if in the opinion of EDL such damage is due to faulty design or defective
construction or erection. All pieces of equipment found defective and replaced or repaired shall have
their period of guarantee renewed from the date of repair.

1.19. DIAGRAMS AND DRAWINGS TO BE SUBMITTED WITH THE OFFER:

The following diagrams and drawings shall be submitted with the tender as part of the offer
documents:
- Single line diagrams for 66 and 20-15kV switchgears with metering and protection.
- General layout of the substation.
- Complete plans of substation showing the disposition of the equipment.
_ Sections of the layout showing disposition of the equipment and the height of each part.
- Layout of the shelter, showing the disposition and the arrangement of the equipment.
- Complete sets of detailed dimension drawings and catalogues of the circuit breakers,
transformers, swichgear equipment, panels, insulators and bushings, cable and
substation auxiliaries, relays,.etc.
- Calculation sheets for protective distance of lightning arrester and coordination of
insultation level.
Other necessary drawings.

1.20. TESTS:

All equipment shall be tested according to the IEC standards, including earthquake test.

All instruments used for testing shall be calibrated by recognized and approved laboratory. The
test certificate shall bear the details of calibration.

The expenses of all tests and all apparatus, instruments and connections required for the site
tests at the time of commisioning provided by the contractor shall be born by him and shall be included
in the prices.

1.21. MOBILE SUBSTATIONS DESIGN:

The mobile substation's design shall include all the necessary equipments with pre-made kiosk
(shelter) so to ensure the normal functioning of the substation.
They must be fully coordinated in the electrical design.
The pre-made kiosk shall comprise at least the following:
- Control
- Protection
- 20-15 kV switchgear
- Charger/rectifier set and AC/DC panels.

Pre-made kiosk shall be duly ventilated, heated and air-conditioned. They shall include all
necessary foundations, ducts, supports, etc.
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This section covers technical specifications for power transformer 66/20-15kV and earthing

2. POWER AND EARTHING TRANSFORMERS

(station service) transformer 20-15/0.4kV.

Here are described the main technical characteristics and requirements for the transformers.
They are considered to be according to the relevant IEC standards and the best practice in electrical

substations.

For earthing of “delta” connected MV windings of the 66/20-15kV transformer, special
earthing transformer are used 20-15/0.4kV; it also serve as station-service transformer for auxiliaries

feeding.

2.1 POWER TRANSFORMER (66/20-15) kV:

2.1.1 DESIGN DATA:

The ratings and performance of the (66/20-15)kV power transformer shall be equal to or better

than the following specific requirements:

ITEM DESCRIPTION UNIT VALUE
1 Service Area outdoor
2 Applicable standards CEI 60076
3 Insulating oil CEI 60296 Unused oil
4 Rated Power (site rating) MVA 20
5 Method of cooling OFAF or ONAF or
ODAF
6 Highest voltage kV 72.5/24
7 Rated voltage ratio kV 66/20-15
8 Connection group YNdI11
9 Rated frequency Hz 50
10 Ambient temperature i Max 50°C/Min -5°C
11 Temperature rise at rated continuous current According to
IEC 60676-2
12 Withstand voltage:
12.1 | Impulse withstand voltages (wave 1.2/50p):
a) for high voltage side, neutral and kV 325
bushings kv 125
12:2 b) for medium voltage side and bushings
One minute power frequency withstand voltages: kV 140
a) for 66kV side, neutral and bushings kV 50
b) for 20-15kV side and bushings
13 On load Tap Changer:
a) total range % +10
b) number of steps + 6 (13 positions)
14 Short circuit apparent power of the network | MVA According to
system IEC60076-5
15 Losses:
15.1 | No load losses at normal ratio and rated primary kW <17
voltage.
15.2 | Load losses at normal ratio and rated power with kW <70
power factor =1
16 short-circuit impedance minimum recognized % 8
17 Sound pressure level at 3 meters (full load+cool.) dB 84
18 Total weight Kg To submit
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2.1.2- COMMON REQUIREMENTS:

2.1.2-1 Rating:
Ratings shall be based on permissible winding temperature rises as measured and top-oil

temperature rises as measured, with maximum cooling air temperature of 50°C, as specified above in
"DESIGN DATA".

The power transformer shall have overload capabilities in accordance with the IEC 60076-7.
All associated components of the transformers including bushings and tap switches shall have overload
capabilities not lower than the transformers with which they are associated and as specified in the
relevant [EC standards.

2.1.2-2 Efficiency:

The offerer shall state the efficiency at 100%, 80%, 70%, 60%, 50%, 40% and 25% of the rated
power and at 1.0 and 0.8 power factor lag.

2.1.3 PARTICULAR REQUIREMENTS:

2.1.3-1 Tank and ConservatorTank:

The transformer's tank shall be manufactured in accordance with the best engineering practice.

Transformer tanks shall be designed to allow the complete transformer, when transported, to
be lifted by crane and maneuvered without overstraining any joints and without causing any
subsequent oil leakage.

Structural members shall be made of steel.

The main tank body, tap changer compartments, radiators and coolers, shall each be capable of
withstanding, when empty of oil, the vacuum test level specified.

The plates must have thicknesses to withstand, without permanent deformation, a vacuum of
40mm of mercury.

Tank stiffener and mounting brackets shall be permanently welded to the tank.

The transformer tank with its accessories shall be designed without pockets wherein gas may
collect. Where pockets cannot be avoided, pipes shall be provided to vent the gas into the main
expansion pipe. The vent pipes shall have a minimum inside diameter of 20 mm and shall be protected
against mechanical damage.

All assembly, other than those which may have to be dismanteled, shall be welded.

The tank must have the necessary strength for full vacuum and its bottom must be reinforced.
The tank must be provided with necessary facilities for air purging.

The reinforcing of the bottom shall not prevent draining of all oil from the tank.

Tank cover shall not distort when lifted. Inspection opening of ample size shall be provided to
give easy access to bushings, for winding connections and for testing the earth connections. The tank
cover shall be fitted with a thermometer pocket, with captive screwed cap, located in the position of
maximum oil temperature at continuous maximum rating.

The cover shall have at least one manhole of sufficient size and hand holes to give access to
internal bushing connectors. It shall be equipped with suitable facilities for attaching or lifting
equipment and shall be so designed as to avoid any trapping of which could affect the Buchholz relay
operation.

A pressure relief device of sufficient size capable of functioning without electrical power, shall
be provided for the rapid release of any pressure that may be generated within the tank and which
might result in damage to the equipment, but it shall be capable of maintaining the oil tightness of the
transformer under all conditions of normal service.
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The positioning of the device shall be such that the exhaust discharge is directed away from
personnel. The device shall operate at a static pressure of less than the hydraulic test pressure for
transformer tank and shall be designed to prevent further oil flow from the transformer following its
operation.

The relief device shall be mounted on the main tank and if mounted on the cover it shall be
fitted with a skirt projecting inside the tank to prevent an accumulation of gas within the device.

Two stainless steel M12 stud terminals shall be provided at diagonal opposite corners on the
base of the tank for earthing purposes, A cleat shall be provided to accommodate clamping an earth
strip to the substation earthing system.

Since a tank earth fault protection shall be used, the coolers, the control housings and the motor
drive of the on-load tap changer shall be " insulated-fixed from the tank". For the same purpose this
shall apply to the fittings on the earthing auxiliary transformer.

The tank shall have at least the following fittings:

1- Manholes and handholes for inspection.

2- Lifting pins suitable for lifting by crane book and ropes.

3- Fixing points for the coolers.

4- Two valves for oil treatment.

5- Qil drain valve at the bottom.

6- Spare thermometer cases.

7- Pressure relief valve.

8- Silica Gel Breather.

9- Three oil sampling valve shall be considered of top, middle and bottom of the tank.

The following plates shall be fixed to the transformer tank visible at an approximate height of
1.75m above the ground level:

a) A rating plate bearing the data specified in IEC 60076.

b) A diagram plate on which the transformer tapping in kilovolts shall also be indicated for each
tap, together with the transformer impedances at minimum and maximum voltage ratios and
for the principal tapping.

¢) A propriatary plate of approved design and wording.

d) A valve location plate showing the location and function of all valves, drain and air release
plugs and oil sampling devices. This plate shall also show the position of each valve
(open/close) for normal operation, vacuum treatment, oil treatment, etc.

Conservator:

A conservator tank shall be mounted having an adequate capacity to permit expansion of the
heated oil contained in the main transformer tank and the cooling system. It shall have a separate
chamber for expansion of the oil of the tap changer. Each conservator shall have a filling cap, an
adequate sump and be so designed that it can be completely drained by means of a drain valve. One
end of the conservator shall have a removable end cover, complete with integral lugs for lifting
purposes and secured by nut and bolt fixings, to permit internal cleaning of the conservator.

An oil gauge shall be provided for each conservator. The indicated minimum oil level shall
occur when the feed pipe to the main tank is covered with not less than 12mm depth of oil. The
indicated oil level range shall correspond to average oil temperatures from the minimum ambient stated
in this specification to plus 100°C. As a minimum requirement, the oil level at 0°C, 50°C, and 100°C
shall be marked on the gauge.

Taps or valves shall not be fitted to oil gauges.

The main oil feed pipe from the conservator vessel to the transformer shall be connected to the
highest point of the tank and shall be arranged at a rising angle towards the conservator from 3 to 7
degrees to the horizontal. A valve shall be provided at the conservator to cut the oil to the transformer,
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whether or not the oil is in direct contact with air or gas. The air outlet from conservator vessel shall
be connected to a dehumidifying breather, which shall be mounted at approximately 1.4m above
ground level.

2.1.3-2 Windings:

The windings shall be made of conductor using electrolytic copper and shall comply in all
respects with the latest IEC standards. They shall be effectively clamped so that to stand the different
thermal, electrical and mechanical stresses as well as all forces that may be produced by the most
severe short circuit currents as specified.

All windings shall have uniform insulation. The manufacturer shall provide full details to
demonstrate that the insulation is suitable for the maximum hot spot temperature determined from the
highest average winding temperature at the specified maximum ambient temperature according to
IEC60076-2.

The highest average winding temperature after short circuit shall not exceed the value given in
table 3 of IEC 60076-5.

The offerer shall submit a detailed description of the windings and insulation proposed.

Winding insulation and all non-metallic material used in winding stacks shall be so treated that
no further shrinkage shall take place after assembly.

Coils shall be constructed to avoid abrasion of the insulation, (e.g. on transposed conductors),
allowing for the expansion and contraction set up by changes of temperature or the vibration
encountered during normal operation.

The insulation on the conductors between turns shall be of thermally upgraded, good quality
"full wood pulp" paper to IEC60554.

The windings shall be designed to reduce to a minimum the out-or-balance forces inherent in
the transformer. Tappings shall be arranged at such positions on the windings as will preserve, as far
as possible, electro-magnetic balance at all voltage ratios.

Tapping shall not be brought out from the inside of a coil nor from intermediate turns except
for "Shell" type transformers.

The windings and connections shall be braced to withstand shocks which may occur during
transport or due to switching or other transient conditions during service.

Where the yoke supporting channels are stressed to take up shrinkage in the windings, the
arrangement shall be such as throw a minimum amount of stress or any core bolt insulation.

If the winding is built up of sections or disc coils, separated by spacers, the clamping
arrangements shall be such that equal pressure is applied to all columns of spacers. All such spacers
shall be securely located and shall be of suitable material. The manufacturer shall submit details of the
design philosophy employed to ensure that sufficient pressure is maintained on the coils over the life
of the unit taking full account of short circuit forces.

Soft solder shall not be used for jointing leads and windings. Joints should be braised or
alternatively, crimped using only proprietary tools approved by the manufacturer.
2.1.3-3 Neutral Earthing:

The neutral point of the 66kV transformer's primary winding shall be effectively earthed and
connected to earth directly .

2.1.3-4 Core:

The core shall be boltless type, manufactured of high-grade, grain-oriented, non-ageing sheet
steel laminations, having smooth surfaces. The construction shall be such as to minimize losses, local
heating, vibration and noise.
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The core steel and all insulation associated with the core shall be designed so that no
detrimental changes in physical or electrical properties will occur during the life of the windings.
Particular care shall be taken to secure even mechanical pressure over the whole of the core
laminations. Each lamination shall be hot oil.

The cores framework, clamping arrangements and general structure of the transformer shall be
capable of withstanding any shocks to which they may be subjected during transport, installation and
service. Adequate provision shall be made to prevent movement of internal parts of the transformer
relative to the tank, to support the core structure in the tank and to carry the weight of the core and
winding when suspended.

The transformer core shall be free from over-fluxing liable to cause damage or maloperation
of protection when operating under conditions of specified continuous overvoltage. Under this steady
overvoltage condition, the magnetizing current must not exceed (5) per cent of the rated load current
at normal rated voltage. The flux density at rated voltage on principle tap must not exceed (1.5) Tesla.

The core construction shall be designed to minimize the number of laminations to be removed
during replacement of the windings.

The magnetic circuit shall be earthed to the tank at one point only through a removable link
with bolt and nut, accessibly placed beneath an inspection opening in the tank cover.

2.1.3-5 Cooling:

The power transformers 66/20-15kV shall be with cooling system ONAF or OFAF or ODAF.
It shall be external oil-to-air ventilated radiators. One of the radiators shall serve as a reserve and the
others shall ensure the continuous rated power of the transformer without depending in its overload
capacity.

Valves between transformer tank and radiator should be provided to enable draining of radiator
for dismantling without draining of tank.

Each radiator shall be valved to permit full isolation and removal if necessary without the
transformer being taken out of service.

The fans shall be supplied and equipped with all necessary starters, controls, protective devices
and relay for automatically starting and stopping of the equipment at pre-determined temperatures,
actuated by the winding-temperature detector and by oil temperature sensors. Cooling fans should have
metal safety guards. The fans shall be also equipped for manual control.

It must be possible to operate the stand-by radiator instead of any other radiator. Any faulty
operation of the cooling system, must give an alarm.

2.173~6 Bushings:

All bushings shall be in conformity with IEC 60137. They shall be so chosen as to suit the
adopted type of connection between the transformer and the respective switchgear.

The bushings shall be arranged in such way as to allow easy dismantling and shall be designed
to withstand the different thermal, electric and mechanical stresses as well as all forces that may be
produced by the most severe short circuit currents as specified before.

The bushing shall be rated for operating at the specified transformer overload capacity in
accordance with IEC 60076-7 without exceeding the specified temperature rise.
2.1.3-7 Tap Changer:

The power transformer 66/20-15kV shall be equipped with on-load tap changer, on the high
voltage side, which will operate automatically and be controlled remotely, with provisions for manual
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control from a suitable point at the transformer. The tap changer shall be according to IEC 60214-1
specifications and a type tests certificate must be included with the offer.

The load-diverter switch shall be mounted into an isolated tank located within the transformer.
The isolated tank shall be connected across a pipe to a separate chamber in the oil conservator.

The tap changer shall be capable of maintaining the normal secondary voltage constant despite
voltage deviations on the primary side. The tapings on the HV side shall be as specified in “Design
Data”.

The transformer shall be designed to give the rated power at all tapings.

The tap changer shall be supplied with all necessary controls, protection devices and any other
needed mechanisms.

A weather and dust proof control housing of adequate size shall accommodate all control,
protection and other devices for the tap changer. The housing should be protected to a minimum level
of IP54 in a accordance with IEC60529.

Tap changer operation counter should be provided.

2.1.3-8 Control Housing:

A weatherproof and dustproof control housing of adequate size shall be located on the
transformer near the base. The housing should be protected minimum level of IP54 in accordance with
IEC60529. the space below it shall be free of obstructions which could interfere with outgoing cable
or conduit connections. The control housing shall be equipped with the following:

1- Terminal blocks for the termination of alarm, control and relay leads.

2- Contactors for fan motors, cooling system, control and indicating equipment.

3- Earth bus for earthing of different circuits requiring earthing points.

4- Suitable pocket or holder inside the control housing with one copy of the instruction manual.

5- Removable plate located on the button of the control housing for terminating all conduits
leaving the transformer.

6- Necessary glands for power and control cables.

7- 380VAC Auxiliary power supply with protection devices. 380VAC equipment should be
shrouded to prevent any contact by personnel.

8- Local tap-change control and indicating equipment.

9- Anti condensation heaters.

2.1.3-9 Transformer’s Accessories

The transformer shall be equipped at least with the following:

1- One two-elements Buchholz relay with two sets of contacts: one set to alarm on slow gas
accumulation and one set to trip on fast gas accumulation. The relay must be accessible at all
times, including while the transformer is energized.

Another Buchholz relay shall be provided for the on-load tap changer.
The gas collection point from the Buchholz must be accessible at ground level.

2- Two magnetic type oil level indicators on the conservator tank-one for the oil in the main tank
and one for the oil in the tap changer’s separate tank.

3- Temperature indicator for oil temperature.

4- Temperature indicator for winding temperature and cooling control.

5- Dehydrating devices.

6- Control housings .

7- Rating plate.

For items 3 and 4 above it must be possible to read both temperatures from a single position.
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2.1.3-10 Name Plates:

Each transformer shall be provided with a rating plate of weatherproof and corrosion resisting
material (preferably stainless steel). It shall be fitted in a position clearly visible to the operator.

The plate shall be indelibly marked in English and all units shall be chosen in the MKS system.
It shall include all information required by IEC 60076-1, including manufacturer name, country of
origin, year of manufacture and owner .

Additional to that, it shall be shown:

I- A vector diagram for a counter clockwise phase sequence. Terminal markings shall be shown
on this vector diagram.

2- A connection diagram showing internal connections and terminal markings shall clearly
define, by means of arrows or numbering the relative polarity of the winding in each phase.
3- Iron losses, winding losses, magnetizing current and zero-sequence reactance.

A diagram plate should be provided showing the position and function of all valves on the
transformer.

2.1.4-Testing:

2.1.4-1 Testing of the Transformer:
The transformer shall be tested in accordance with IEC 60076.

The following tests shall be carried out:

Routine Tests

Type Tests:

Special Tests:

The offerer should submit short-circuit credibility report for similar power transformers
according to IEC 60076-5 which identifies the requirements for power transformers to sustain without
damage the effects of overcurrents originated by external short circuits. It specify the calculation
procedure used to demonstrate the thermal ability of a power transformer to withstand such
overcurrents and specify both the special test and the theoretical evaluation method used to
demonstrate the ability to withstand the relevant dynamic effects.

Site Tests (including OLTC)

- Operation tests for all auxiliary circuits such as fans, gas relay, etc...
- Ratio and polarity tests.

- Insulation tests on auxiliary devices and wiring.

- Insulation oil tests.

2.1.4-2 Testing of all Accessories:

All accessories shall be subjected to routine and type tests according to relevant IEC standard
and test certificate shall be provided.

2.2- EARTHING TRANSFORMER:
2.2.1: GENERAL:

The 20/0.4 KV earthing transformer shall be of the oil immersed ONAN type suitable for
outdoor installation and shall have an interconnected star winding which will be directly connected to
the lower voltage windings of the main transformer and an auxiliary star connecting winding arranged
to give a three-phase 4-wire supply.
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The neutral point of the interconnected star winding of each earthing transformer shall be
brought out of the tank through a bushing insulator similar to those on the phase terminals. This point
will be directly connected to earth to provide a neutral earthing point for the 20-15 kV systems.

The earthing transformer shall be capable of withstanding the application of normal three-phase
line voltage to the line terminal with the neutral terminal connected solidly to earth.

The zero sequence impedance of the Earthing Transformer shall be such as to limit the earth
fault current to a value not less than 600 Amps for single phase to earth fault applied at the primary
line terminal. The interconnected star winding, when at its maximum temperature due to continuous
full load on the auxiliary winding, shall be designed to carry this current for 30 seconds without
injurious heating.

Earth auxiliary transformer winding shall have an IEC continuous rating at least equal to that
required by the complete substation auxiliaries and shall be arranged to give a three-phase 4-wire
supply. The rating shall not be less than 100 kVA.

Earthing transformers shall be provided with the following fittings as a minimum:

a) One thermometer pocket with captive cap.

b) Dehumidifying breather.

¢) Filter valve and combined filter and drain valve.

d) A sampling device at the bottom of the tank.

¢) Conservator vessel with removable end cover and prismatic oil gauge.
f) Double loat gas and oil actuated relay.

The earthing transformers and auxiliary transformers shall comply with the provisions of this
specification relating to the main transformers except where indicated otherwise.
2.2.2- DESIGN DATA:

The ratings and performance of the earthing/ auxiliary transformers shall be equal to or better
than the following specific requirements:

ITEM DESCRIPTION UNIT VALUE
1 Rated capacity of the LV side kVA 100
2 Method of cooling ONAN
3 Highest primary voltage kV 24
4 Rated voltage ratio kV 20/0.4
5 Connection group ZN yn 11
6 Rated frequency Hz 50
7 Maximum ambient temperature °C 50
8 Temperature rise at rated continuous Last edition IEC60076-2
current
9 Withstand voltages:
9.1 - Impulse voltage withstand (wave 1.2/50ps)
type test for MV side with bushings kV 125
9.2 - Applied voltage withstand routine test for
MYV side with bushings kV 50
10 Tap changer_Total range % +5
-Number of steps + 2 (5 positions)
11 Zero sequence impedance of the primary Ohm
side (to be approved)
12 Rated continuous current for neutral Amp 40
13 Short time current for neutral of primary site
due to a single phase earth fault current Amp 600
applied to the primary line terminal (30
seconds).
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2.2.3- TESTING:

2.2.3-1 Testing of the Earthing Transformer:

The transformer shall be tested in accordance with IEC 60076 standards.
The following tests shall be carried out:

Routine tests
Type Tests
Site Tests:

- Operation tests for all auxiliary circuits.

- Ratio and polarity tests.

- Insulation tests on auxiliary devices and wiring.
- Insulation oil tests.

2.2.3-2 Testing of All Accessories:

All accessories shall be subjected to routine and type tests according to relevant IEC standards
and test certificate shall be provided.
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3. (66) KV SWITCHGEAR

3.1 (66) KV CONVENTIONAL OUTDOOR TYPE SWITCHGEAR:
3.1.1 Design Data of the Switchgears:

The switchgears shall be designed to the following data:

ITEM DESCRIPTION UNIT VALUE
1 Highest system voltage kV 72,9
2 Nominal system voltage (service voltage) kV 66
3 System frequency Hz 50
4 Nominal short circuit current,1 sec kA 31.5
5 Neutral earthing Effectively earthed
Clearances:
a) Minimum clearance to earth m
b) Minimum clearances between phases m According to
6 ¢) Safety clearance Horizontal Vertical m IEC 60071
d) Minimum height to base of insulation m
e) Minimum height above ground m

The bus conductor and accessories shall be designed , manufactured and tested in accordance
with IEC 61089 and IEC62641.

3.1.2 Generalities for Switchgears:

All swichgears shall comply with IEC 62271-1. They shall be so designed as to prevent
accident contact being made with any live part. Every current-carrying part of the swichgear equipment
including circuit breakers, isolating switches, busbars, current transformers, connections and joints,
etc shall be capable of carrying its specified rated current continuously under the maximum ambiant
conditions existing on site, and in no part the temperature exceed the values specified in the relevant
IEC Publication.

Every part of the switchgear equipment shall also withstand without mechanical or thermal
damage the instantaneous peak current and rated short-time current pertaining to the rated capacity of
the circuit breaker.

3.1.2-1 Type and elements of the Switchgears:

The type of the 66 kV switchgears shall be outdoor, and all elements shall be corona free.

3.1.3 Circuit Breakers:

The circuit breaker shall be of outdoor, three phase, SF6 type suitable for high-speed auto-
reclosing duty and remote operation.

All circuit breakers shall be designed and fully tested in accordance with IEC 62271 partsl-
100-110. All type tests reports shall be carried out either at an independent testing laboratory or
witnessed by an independent certification body.

The design of the circuit breakers shall require minimum and easy maintenance and shall be
such that they produce very low over voltage (< 2.5 p.u) when switching low currents, capacitive and
inductive, including reactors switching duties.

3.1.3-1 Design Data:

The rating and performance of the circuit breakers shall be equal to or better than the following
values:
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ITEM DESCRIPTION UNIT VALUE
1 Highest system voltage kV T2.5
2 Service voltage kV 66
3 Lightning impulse withstand voltage 1.2/50ps:
earth and (phase-to-phase) kV (peak) 325
across open contacts kV (peak) 375
4 Power frequency | min withstand voltage:
a) to earth and (phase-to-phase) kV 140
b) across open contacts kV 160
5 Rated normal current: A 1250
6 Rated breaking current a) SYM kA 315
b) ASYM kA IEC 62271-100
7 Rated short time current, 1 sec. kA 31.5
8 Rated making current kA (Peak) 80
9 Maximum overvoltage produced during any
capacitive and inductive switching duty p.u <23
10 Degree of protection IP 54
11 Rated duty cycle 0-0.3s-CO - 3 min -CO
12 Rated supply voltage of closing and opening devices deV 48
13 Rated supply voltage of auxiliary circuits decV 48

3.1.3-2 Technical Requirements for Circuit Breakers:

The circuit breaker shall be of rugged construction and easy maintenance. The construction
must give the possibility for replacing of each unit pole with the spare one. No part of the circuit
breaker or its supporting structure shall be permanently strained when breaking or making the rated
short circuit currents.

3.1.3-3 Circuit Breaker Operating Mechanism:

All types of operating mechanism shall be designed so that the circuit breaker trip fully in
accordance with IEC recommendation.

In the event of a failure to latch in the closed position, it shall not be possible for the circuit
breaker to open, except at normal tripping speed.

Indicator shall be provided on each circuit breaker operating mechanism to show whether the
circuit breaker is open or closed.

The various parts shall be of substantial construction carefully fitted so as to ensure free action,
and design shall be such as to reduce mechanical shock to a minimum during operation and to prevent
inadvertent operation due to vibration or other cause.

It shall be possible to make independent adjustments on each pole. Operation of the three-phase
poles shall be simultaneous. Approved means shall be provided to ensure simultaneous operation of
the three phases. Provision shall be made in the protection relay panel for automatic tripping of the
circuit breaker and for a remote alarm indication in the event of any phase failing to complete a closing
operation. The necessary equipment shall be provided to initiate and control three-phase auto-
reclosures.

The circuit breaker mechanism shall include operating counters to record the number of closing
strofers.

Each circuit breaker shall be provided with a local control panel located in a position outside
the circuit breaker.

All circuit breakers shall be fitted with two trip coils.
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For the purpose of moisture-proofing a space heater with an appropriate capacity shall be
attached inside the housing of operating mechanism.
Auxiliary contacts shall be provided too.

Means shall be provided to avoid the local remote control equipment from being in operation
simultaneously. It shall be possible to trip ; mechanically the circuit breaker from the local control
even if the electrical supply is not available, unless locked out.

A lock-out device, with provision for remote indication shall be incorporated in each circuit
breaker to prevent operation whenever the operating pressure (if any) is less than that required for
satisfactory operation at the specified rating.

3.1.3-4 Circuit Breaker Making And Breaking Capacity:

Breaker shall be capable of making and breaking short circuirt faults in accordance with the
requirements of service operation, for the three-phase short circuit ratings.

Each circuit breaker shall be capable of making or breaking the magnetizing current of
transformers and the charging current of overhead lines and cables without sustaining any damage or
causing excessive overvoltages.

The Contractor shall supply special tools sets for circuit breakers.

It shall be possible to charge the operating springs with the circuit breakers in either the open
or closed positions in normal operating, recharging of the operating springs shall commence
immediately and automatically upon complection of the closing operation. Closure whilst a spring
charging operation is in progress shall be prevented, and release of the springs shall not be possible
until they are fully charged.

- For maintenance purposes, means shall be provided for manual operation including the
slow closing.

- Operating mechanism, and control circuit design of the breakers shall include 2 separate
trip coils for isolated operation with primary and pack-up protective relays, trip one and
close commands will fed by control voltage one, but trip two will be gained from the
control voltage2.

- Provisions shall be made for remote indication of the following operations through a
pair of NC+NO voltage free contacts:

1- Crcuit breaker opened.
2- Circuit breaker closed.
3- Failure to complete the closing or opening operation.

- Gas density in the SF6 circuit breakers shall be at all times not less than the insulation
density and switching capability of SF6. Gas density monitoring equipment shall be
provided with two level, first level for the refill and the 2™ level for bloking or
emergency trip of CB if requested. Circuit breakers shall be equipped with gas pressure
gauge, preferably ambient temperature compensated.

- Circuit breakers shall be of single low-pressure puffer type or thermal blast type.

- The control cabinet shall be equipped with hinged doors and provided with stops and
means of locking the door in the open position.

- A continuous rubber gasket shall be provided for weather proofing IP 54. A three point
locking handle shall be provided to securely hold the doors closed at the top, bottom
and middle.

- Easy access shall be provided to all terminal blocks and control equipment.
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- The spring shall be charged by an electrical motor automatically, hand charging shall
be possible by crank. Means shall be provided and suitably installed, so that the
charging motor electrical circuit is disconnected when it is tried to insert the hand crank.

- Provision should be made for remote indication of "spring charged" and "spring charge
fail" conditions.
3.1.4 Disconnecting Switches With or Without Earthing Switches:
3.1.4-1 Design Data

The ratings and performance shall be equal to or better than the following values:

[ _ITEM DESCRIPTION UNIT VALUE |
1 Highest system voltage kV 72.5
5 Service voltage kV 66
3 Lightning impulse withstand voltage 1.2/50ps:
earth and (phase-to-phase) kV (peak) 325
across open contacts kV (peak) 375
4 Power frequency 1 min withstand voltage:
a) to earth and (phase-to-phase) kV 140
b) across open contacts kV 160
5 Rated normal current A 1250
6 Rated short time current, 1 sec kA 315
i Rated peak short circuit current kA (peak) 80
8 Operating mechanism motor
L9 Rated supply voltage dcV 48

3.1.4-2 Technical Requirements:

Disconnecting switches shall be outdoor type capable of carrying the full-load current of the
circuit and shall be arranged for operation while the equipment is alive. They will be required to break
the charging current of open busbars and connections to bus and magnetizing current of the power
transformer in the circuit of transformer feeder.

The minimum total length of air gap between terminals of the same pole with the disconnecting
switch open, shall be designed to provide an impulse voltage withstand level as per IEC 62271-102.

Disconnecting switches shall be so designed that they shall not open by force due to current
passing through it, and shall be self-locking in both the "open" and "closed" positions.

The disconnecting switches shall be provided with electrical operating mechanism and shall be
arranged for local and remote control and with manual operation.

Means shall be provided at the local control point to prevent the local and remote control
equipment from being in operation simultaneously.

The mechanism shall normally open and close all three poles simultaneously. The equipment
shall operate safely and reliably and without undue maintenance or operator attention under all
operating and site conditions.

The disconnecting switches could be equipped with one set of earthing switches, which shall
have suitable ratings for short-circuit current. Earthing switch shall be motor driven, local operation,
with a possible emergency manual operation. Earthing switch shall be secured against reopening.

3.1.5- Voltage Transformers:
3.1.5-1 Design Data:

The ratings and performance shall be equal to or better than the following values:
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ITEM DESCRIPTION UNIT VALUE

1 Highest system voltage kV 72.5

2 Service voltage kV 66

3 Lightning impulse withstand voltage 1.2/50us kV 325

4 Power frequency withstand voltage kV 140

5 Type inductive

6 Primary rated voltage kV 66/N'3

7 Secondary rated voltage \ 100/V/3, 1003

8 Voltage factor 1.2

9 Burden and Accuracy class
Core 1 for measuring 50 VA, cl 0.5
Core 2 for protection 50 VA, 3P

3.1.5-2 Technical Requirements Voltage Transformers:

Current transformers shall be insulated and suitable for outdoor use. They shall comply with
the requirements of IEC61869-3. The VT shall be single-phase cores, for outdoor use, inductive type,
self-standing, and hermetically sealed. Outlets for PLC. Combined voltage and current transformers
are not acceptable.

3.1.6 Current Transformers:
3.1.6-1 Design Data:

The ratings and performance shall be equal to or better than the following values:

ITEM DESCRIPTION UNIT VALUE

] Highest system voltage kV 725

2 Power frequency withstand voltage kV 140

3 Lightning impulse withstand voltage KV (peak) 325
1.2/50ps

<+ Rated short-time current (1sec) kA 3.5

5 Rated primary current 1, for transformer A (400-200)
feeder

6 Rated continuous thermal current % 1.2 In

7 Cores No. 3

8 Rated secondary current A 1/1/1

9 Burden and Accuracy class
Core 1 20VA,cl0.5
Core 2 20VA, 5P20
Core 3 20VA, 5P20

For cast-resin insulated current transformer:

The ratings and performance shall be equal to or better than the following values:

LOCATION
ITEM DESCRIPTION UNIT For tank protection | In the neutral of main
and earthing auxiliary
transformer
1 Highest voltage Vv 750 750
2 Ratio A/A 200/1 according to design
3 Burden VA 30 30
4 Thermal kA/s 0.8/5 0.3/3
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3.1.6-2 Technical Requirements:

Current transformers shall be insulated and suitable for outdoor use. They shall comply with
the requirements of IEC61869-2. Bushing current transformers and combined voltage and current
transformers are not acceptable.

Current transformers shall be single pole; hermetically sealed, base mounted with the number
of cores and ratios indicated on the design data.

The short circuit rating of the current transformers primary winding shall be equal to that of
their associated circuit breaker.

The secondary winding of each set of current transformers shall be earthed at one point only
and shall be accessible while the equipment is alive.

Current transformers shall have sufficient capacity to support the burden of the connected
devices.

Polarity, phase and tap indication shall be provided on each current transformer secondary
windings.

Conductors required for grounding the secondary windings shall be of stranded type, with a
minimum cross section of 4 mm?.

The accuracy class and burden of the CT shall not be less than the values given in design data.

Current transformers with cast-resin insulation shall be toroidal construction for outdoor use.
They shall be used for protection of the main and earthing/auxiliary transformers and in the neutral of
earthing/auxiliary transformers. Pocelain insulators shall be brown glazed and manufactured and tested
in accordance with relevant IEC standard and comply with the requirements of current transformers.

Current transformers shall be designed, manufactured and tested in accordance with the
applicable requirements of the IEC standards.
3.1.7 Lightning Arresters:
3.1.7-1 Design Data:

The ratings and performance shall be equal to or better than the following values:

LOCATION
ITEM DESCRIPTION UNIT (66) KV out-going
and transformer feeders

| highest system voltage kV 72.5
2 Service voltage kV 66
3 Nominal discharge current kA 10
4 Line discharge class 3

5 Rated voltage kV 66

3.1.7-2 Technical Requirements:

The surge arresters shall be of the metal oxide gapless type with insulators for outdoor use, free
standing and of explosion proof construction. The design of surge arrester shall be in accordance with
the requirements of IEC 60099-4.

All surge arresters shall be equipped with surge counter and disconnector.

The internal parts shall be unaffected by the atmospheric conditions at site and the housing
shall have 1P54 weather proof rating.

The lightning arresters shall have constant discharge characteristics against changes in
atmospheric conditions.
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The protective characteristics of lightning arresters shall be coordinated with the insulation
level of equipment in the substation.

Lightning arresters location for 66 KV transformer feeder should be studied carefully to insure
enough protection zone for power transformer.

3.1.8 Bus bars and Connections:

3.1.8-1 Design Data:

The ratings and performance shall be equal to or better than the following values:

ITEM | DESCRIPTION UNIT BUS BARS CONNECTIONS
66KV
1 Material ACSR conductor ACSR conductor or aluminum
or aluminum tube tube
2 Rated current A 1600 according to relevant bay CB

3.1.8-2 Technical Requirements:

The general construction of the busbars shall be kept as short and straight as possible and their
insulated supports shall be of approved construction, mechanically strong and shall withstand all the
stresses which may be imposed upon them in ordinary working due to the fixing, vibration, fluctuations
in temperature, short circuit or other causes.

Where tubular conductors are to be used, the distance between the support shall be such to
ensure that the tube will not resonate at its natural frequency under the influence of the wind.

Safety factors shall be such that no material used for busbars, connections or for supporting the
connections, where insulated or otherwise, shall be stresses to more than one-fourth of its breaking
load or one-third of its elastic limit, whichever is the lesser. Provision shall be made for expansion and
contraction of the tybe busbars and connections with variations of temperature.

The busbars shall be so arranged that they may be extended in length without difficulty. The
design of the connectors from the busbars and connections to the parts of the equipment shall be such

as to permit easy dismantling for maintenance purposes.

3.1.9 Insulators:

3.1.9-1 Suspension and Tension Insulator Strings:

Suspension and tension strings shall consist of tough glass insulators with ball and socket
fittings. The insulators, balls and sockets and associated fittings shall be in accordance with IEC 60383,
IEC 60305, IEC 60120, and IEC 60372.

The individual units to both suspension and tension strings shall be identical and
interchangeable.

3.1.9-2 Post Type Insulators:

Post-type insulators shall be sufficiently strong to withstand all shocks which may be met in
operation and shall comply with IEC 60273 and IEC 60168.

3.1.9-3 Guard-Rings or Arcing-Horns:

Guard-rings or arcing-horns of approved type, size and material shall be attached to bushing
and post-type insulators and to the conductor clamp fitting of all suspension and tension insulator sets.
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The design of arcing horns or rings shall be such as to reduce, as for as reasonably possible,
cascading and damage to the conductor, clamps, insulator units, bushings insulators and to other
fittings under all flashover conditions. The guard rings or arcing horns shall bear the weight of a man
during cleaning operations.

3.1.10 Phase Identifications and Circuit Labels:

Colored discs shall be installed to identify phases. Black letters on the following background
colors shall be used:
Phase R - Yellow
Phase S - Green
Phase T - Red

Discs shall be installed on one set of the structures at the suitable locations of the switchgears.

3.1.11 Outdoor Steel Structures:

The term "outdoor steel structures” is deemed to include all labor, equipment and materials for
the fabrication and erection of all steel structures necessary to carry all mechanical and electrical
equipment required at the whole substation.

All structures shall comply with the requirements of IEC.

Steel structures shall be designed as beam steel construction and beam will be preferable in
evaluation with hot-dipped galvanizing.

All similar part shall be interchangeable. A sufficient number of bolts shall be provided at all
splices to develop the full strength of the member.

The structures shall be designed to carry all conductors, insulators, isolating swiches, circuit
breakers, sealing ends or cable boxes and cables where is necessary, instrument transformers and other
fittings including lighting spikes, sky wires and the line and ground conductors of the incoming
overhead lines under the specified conditions of loading and factors of safety.

The design method of structure such as allowable stress of members and so on shall be based
on internationnaly standard subject to approval by EDL. The offerers shall submit information for the
steel structure used with general drawings, the contractor shall submit the calculation sheets and the
detailed drawings of the steel structure for approval by the EDL.

3.2 — 20 KV METAL-ENCLOSED SWITCHGEAR (GIS):

3.2.1- Design Data:

The design data shall be as follows:

ITEM DESCRIPTION UNIT VALUE
1 Highest system voltage kV 24
2 Nominal system voltage kV 20

Lightning impulse withstand voltage
3 1.2/50ps
a) to earth and between phases kV (peak) 125
b) across the isolating distance kV (peak) 145
Power frequency withstand voltage
4 a) to earth and between phases kV 50
b) across the isolating distance kV 60
5 Rated current of:
bus bar A 1250
incoming feeder A 1250
outgoing feeder A 630
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6 Rated breaking current : a) sym kA 23 —‘
b) asym kA Acc. to IEC
7 Rated short circuit current (1 sec) kA 25
8 Rated making current kA peak 63
9 Maximum  overvoltage  produced p.u <232
during any capacitive and inductive
swiching duty.
10 System earthing Through high value impedance
| (earthing TR)

3.2.2 Technical Requirements for Cubicles:

The 20 kV switchgear shall be indoor switchgear comprising SF6 gas insulated type, vacuum
or SF6 interrupting circuit breakers encapsulated in SF6 gas insulation, disconnectors, earthing
switches, current transformers, voltage transformers, busbar conductors, connectors, etc.... It should
be single busbar system.

The switchgear shall be made up of separate cubicles. Suitable interlocks and automatic devices
to prevent contact with live parts under all operating and service conditions should be considered for
circuit breakers. The degree of protection by external enclosure shall be not less than IP3x (IEC60529)
and for indoor high voltage equipment should be not less than IP64. all components of the cubicle shall
withstand the extreme thermal and dynamic stresses of a three-phase arc-fault.

Special tools including testing equipment, erection equipment, lifting equipment, first filling of gas
shall be supplied.

A complete type cubicle should pass an internal arcing test -25kA for the longest protection
fault clearance time- in accordance with IEC 62271-200. The design of the pressure relief flaps shall
be such that all hot gases are exhausted away from the front of the panel. The cubicles should have
mechanical and electrical interlocking and should be with complete protection against contact with
live parts, and with full fire protection risks.

Each cubicle shall be subdivided into two separate compartments in order to ensure safety
operation and maintenance. The two separate compartments should be sealed and isolated by
partitions:

- the busbar, cable connection, circuit breaker,
- low voltage control, protection and metering equipment.

The switchboard shall be dust and vermin proof. Copper busbar with SF6 cast, (aluminum or
steel) chamber or silicon rubber.

Gas monitoring devices for SF6 compartment should be considered.

At the operator's side a metal door with laminated glass window shall be provided. The relay
compartment shall be with separate door and a glass window.

Interlock System:
For feeders key interlock shall be provided between the earth switch and the lock of fence door.
The Stationary Part:

- All outer surfaces have to be grounded steel panels of sufficient strength to withstand the mechanical
and thermal effects of an internal arc. In addition mechanical stresses associated with commonly used
shipping and handling gears may not result in measurable deformation to the cubicle.

- The cable connection compartment shall provide sufficient space to terminate the specified required
type and number of conductors, including their shields, armor and cable head. A channel iron bracket
with cleats shall be provided for cable support.

- Provision shall be included to prevent earthing of the outgoing circuits or busbars when they are
energized. All necessary voltage transformer, voltage relays. Interlocks, etc... to achieve this should
be supplied with the switchgear.
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- Low voltage wiring inside the high voltage compartments shall be limited to the absolute necessity.
Such wires shall run inside protective enclosure in locations where they are last likely to be affected
by a possible arc.

- The low voltage equipment compartment shall be completely metal enclosed with separate front
access door that is suitable for the installation of indicators, control and measuring devices. All low
yoltage wiring that required the connection of field cable, shall be terminated on a freely accessible
terminal strip inside the low voltage compartement. Wiring to the door-mounted equipment shall be
run inside flexible conduit, suitably routed to prevent stressing of the conductors when opening the
door to its extreme stop.

- If it is required by switchgear arrangement or space limitation in switchgear building, the cubicles
shall be of front access with the back directly top wall or to other cubicles.

- The main function control equipment comprises equipment for measurements, indication, protective
functions and apparatuses for manual and automatic control and regulation. Also all cables, connection
boxes, auxiliary equipment and supervision relays for auxiliary power supply are included in control
equipment.

- It shall be possible to perform future modifications and extensions to the control equipment with the
minimum interface to the operation of other parts of the installation.

ITEM DESCRIPTION UNIT VALUE
1 Incoming feeder mm? 3x300 CU
2 Outgoing feeder mm? 3x240 AL

Capacitive high-voltage indicators by lamps, or other types on the front of cubicle shall be
installed.

Each panel shall have a rating plate in suitable place.

The cubicles shall be equipped with earthing devices to ensure safety operation and
maintenance, according to IEC 62271-200.

Each type of the cubicles shall include at least the equipment as to ensure the proper and reliable
operation.

All metal parts including any relay, instruments, etc... mounted on the switchboard shall be
connected to a copper earth bar which runs along the full length of switchboard.

Interlocking of earthing switch of transformer incoming feeder with the opposite circuit breaker

shall be provided, so that the earthing switch is blocked if the opposite circuit breaker is on and the
opposite circuit breaker is blocked if the earthing switch is on.

Incoming and outgoing feeders shall be fitted with terminals for connection of watt.h-meter
and Var.h-meter.

The cubicles shall comply with [EC 62271-1 and IEC 62271-200 standards in all respects.

In particular, the cubicles shall comply with the latest requirements regarding internal arc tests.

3.2.3 Technical Requirements for the Elements of the Cubicles:
3.2.3-1 Busbars

The busbars shall be made of best quality, high conductivity copper or aluminium. They have
to be marked by different colors and numbering to differentiate between the phases. The cross section
of the busbars shall be designed for admissible temperature with rated short-circuit capacity and rated
current.

3.2.3-2 Circuit Breaker:

The 20 kV circuit breakers shall be SF6, or vacuum type suitable for rated breaking current and
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the technical data stated in design data (table in part 3.2.1).

They shall comply with the requirements for IEC 62271 parts 100 and 203, and shall require
minimum maintenance. No part of the circuit breaker or its supporting structure shall be permanently
strained when breaking or making the rated short circuit currents.

All types of operating mechanism shall be designed so that the circuit breaker is tripped fully
in accordance with IEC requirements.

In the event of a failure to latch in the closed position, it shall not be possible for the circuit
breaker to open, except at normal tripping speed.

The operating mechanism should indicate whether the circuit breaker is open or closed.

The various parts of operating mechanism shall be of substantial construction, carefully fitted
<o as to ensure free action, and design shall be such as to reduce the mechanical shock to minimum
during operation, and to prevent inadvertent operation due to vibration or other causes.

The circuit breaker shall be capable of making and breaking short circuit faults in accordance
with the requirements of service operation for three-phase short circuit ratings.

Each circuit breaker shall be capable of making or breaking the charging current of cables
without sustaining any damage or causing excessive overvoltages.

3.2.3-3 Instrument Transformers:

The instrument transformers shall be with cast-resin insulation.
Voltage transformers shall be single-pole and installed in the incoming and measuring cubicles.

The ratio, burden and accuracy shall be verified for the requirements of the protective relays.

3.2.3-4 Control and Supervision:

Incoming Transformer

- Three ammeters Included in measuring center
in

- One voltmeter (0-24kV with change-over addition to other facilities
switch) mentioned in tech. spec.

- Discrepancy

- Signal lamps for circuit breaker
- Position indicators
- Local/remote selector swich.

Outgoing Feeder:
- Three ammeters Included in measuring center in addition to
other facilities mentioned in tech. spec.
- Discrepancy
- Signal lamp for circuit breaker
- Switch position indicators
- Local/remote selection switch.

Measuring Cell:
The cubicles shall comply with IEC 62271 parts 1 and 200 in all respects.

3.3 — INTERLOCKINGS:

The offerers are requested to give general description of the schemes and equipment which
shall be interlocked. It shall cover 66 kV and 20-15 kV switchgears, transformers, AC and DC station
service and other equipment.
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Generally the interlocking in 66 kV switchgear shall cover disconnecting and earthing
switches. The associated circuit breakers in the 20-15 kV cubicles earthing switches shall be
interlocked with the associated circuit breaker.

Backup ac source circuit breaker shall be interlocked with the station service transformers to
prevent parallel operation of the Backup ac source to the system.

Earthing switch of transformer 20 kV incoming feeder shall be interlocked with the opposite
circuit breaker.

3.4. TESTING:

The following tests shall be carried out according to the IEC 60060 and the relevant standards
outlined below. If the type test certificate is issued by an independent approved laboratory for any
equipment, type tests are not reconducted.

3.4.1 Circuit Breakers:
The circuir breakers shall be tested in accordance with IEC 62271-100.

Routine Tests

Type Tests

Site Testing:
a) Closing/Opening operation and timing tests.
b) Operation mechanism fluid charging time tests.
¢) Pressure switch and safety valve tests.
d) Measurement of resistance of the main contacts.
e) Sequence and interlock tests.
f) Construction inspection.

3.4.2 Disconnecting and Earthing Switches:

The disconnecting and earthing switches shall be tested in accordance with IEC 62271 parts
102 and 103.

Routine Tests

Type Tests

Site Testing:
a) Closing/Opening operation and timing tests.
b) Operation mechanism fluid charging time tests.
¢) Pressure switch and safety valve tests.
d) Measurement of resistance of the main contacts.
¢) Sequence and interlock tests.
f) Construction inspection.

3.4.3 Current Transformers:
The current transformers shall be tested in accordance with IEC 61869 parts 1 and 2.

Routine Tests

Type Tests

Site Testing:
a) Measurement of insulation resistance.
b) Polarity check/terminal marking check.
c) Ratio measurement.
d) Saturation voltage.
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3.4.4 Voltage Transformers:

The voltage transformers shall be tested in accordance with IEC 61869 parts 1 and 3.

Routine Tests

Type Tests
Site Testing:

a) Measurement of insulation resistance.
b) Polarity check/terminal marking check.
¢) Ratio measurement.

d) Gap measurement.

3.4.5 Lightning Arresters:
The metal oxide surge arresters shall be type tested in accordance with IEC 60099-4.
Routine Tests
Type Tests
Site Testing:

a) Visual inspections.
b) Surge counter operation check.

3.4.6 Bushings:
The bushings shall be tested in a accordance with IEC 60137.

Routine Tests

Type Tests

Sample Tests
Site Tests:

a) Tan delta.
b) Visual inspection.
3.4.7 Post Insulators (HV & MYV all types)
The post insulators shall be tested in accordance with IEC 60168.

Routine Tests:

Type Tests:

Sample tests:
Site tests:

a) Visual inspection.

3.4.8 Insulator Strings (HV & MV):

Routine, type and sample tests on suspension and tension insulator strings shall be carried out
in accordance with IEC 60383. The tests shall include those listed for post insulators.

3.4.9 Fittings (HV & MV):

The supplier must perform the tests in accordance with IEC.

3.4.10 Structures:

In order to check the workmanship, one per cent of the members corresponding to each type of
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support can, if required, be selected at random and assembled to form complete supports in the
presence of the client. All the tests will be according to [EC requirements.

3.4.11 Insulation (HV& MV):

Resistance of the insulation on all field installed insulated conductors shall be measured.

3.4.12 Tests of 20 kV Cubicles:
In accordance with IEC 62271 parts 200 and 203 including internal arc tests.

Routine tests

Type Tests
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4. PROTECTION, CONTROL AND METERING EQUIPMENT

4.1. DIGITAL CONTROL AND PROTECTION SYSTEM:

The control system shall be Control And Supervision Computerised System.

4.1. Requirements for Control, Metering and Protection System:

The digital system type for control, metering and protection functions should be integrated and
able to be connected with a PC.

Operating level substation level (PC)

Local level (local control)
Interlocking level substation level

Bay level

The above mentioned control system should be able to perform:
- Measurement of all power flow parameters.

- Control and supervision for all switchgear apparatuses (DS, CB, AC/DC, GIS, protections
etc.)

- Event recording should be part of this system, and the S/S auxiliaries should be connected
with it and have the following facilities:

- Type of fault

- Number of bay

- Date and time in millisecond
- Printing facilities

- All 66 kV protection relays should be with fault recording facilities.

-20-15 kV circuit breakers should also be controlled from MV panels

- 66 kV circuit breakers should be able to be controlled from the equipment itself in the 66 kV
switchgear, from digital local control unit and from PC.

4.1.1-1 Protection Relays Types:

All Relays should be able to communicate with the control and supervision computrised
system.

All relays should perform a measuring function and must be based on the use of digital circuits.
Auxiliary relays, repeat relays, trip relays and any other simple auxiliary or contact multiplication
function may be based on standard attracted armature.

Digital relays should be based on digital design techniques. It is the responsibility of the
tenderer to demonstrate that all relays equipment offered has a reasonable level of in-service
experience. The following conditions also apply:

o Digital differential and overcurrent relays for 66kV should have fault recorder.

e The tenderer must be able to demonstrate that a minimum of 10 relays of each offered type
have been in full service without failures for a minimum of three years in two different
countries, one of which may be the country of manufacture. Experience involving trial
installations are not accepted.

o The tenderer must include a statement of the number of years for the manufacturer guarantee
and parts support provided for the offered relays.

o The tenderer is assumed to state the full firmware version together with the version of relays
for which experience records are offered.
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For protection relays, the communications facility should allow all information available
locally at the relay front panel to be accessed remotely. It should also be possible to carry out bulk
sransfer of settings and fault record information using the appropriate PC based software.

4.1.1-2 Protection Discrimination:

Once fault occurre on the power system network, the high speed discriminating protection
system (main protection) shall rapidly detect the fault and initiate only the opening of the circuit
breaker necessary to disconnect the faulted electrical element. Protection equipment associated with
an adjacent electrical element may detect the fault, and must be able to discriminate between an
external fault and the fault on the electrical element which it is designed to protect.

Sequential time delayed tripping is not permitted except in the following specific
circumstances:

o Protection for the short connections between post current transformer housings and circuit
breakers when the technical advantages of complete overlapping of the protection are
outweighed by economic considerations, (i.e. short-zone protection).

e Operation of time graded back-up protection takes place as a result of either the failure of the
main protection systems, or the fault resistance is substantially greater than a value which can
be detected by main protection systems.

4.1.1-3 Protection Settings:

A list of the settings to be applied to all protection systems together with all associated
calculations, shall be provided for review and approval not less than one month prior to the first
program date for commissioning. The settings for feeder protection shall be such as to permit correct
operation of the protection for earth faults with up to 100 ohms fault resistance. Any limitations
imposed on the power system as a result of the settings proposed shall be explicitly stated. In the
absence of system data required for calculation purposes, assumptions may be made provided they are
clearly identified as such in the relevant calculations.

4.1.1-4 Fault Clearance Time Requirements:

The protection equipment shall be capable of achieving the following discriminative fault
clearance times, inclusive of circuit breaker and signaling times:

e 100ms for all electrical elements whose boundary connections are defined by circuit breakers
located within a given substation.

e For interconnecting tie lines in which the boundary connections of the electrical element being
prorected are defined by circuit breakers located in adjacent switching stations, an additional
20ms fault clearance time is allowed at the substation remote from the fault point. This
additional fault clearance time is permitted subject to the requirement that the positive sequence
impedance of the primary circuit from the switching terminal to the point of fault shall not be
less than 10 ohms.

e The tenderer shall supply EDL with details of the operating times under defined conditions of
all protection equipment proposed. Any limitation in operating time performance shall be
declared by the tenderer. The tenderer shall specify the increase in operating time which could
occur under such conditions.

4.1.1-5 Protection Accommodation:

Protection systems shall preferably be accommodated in standard 19inch rack or hinged rack
cubicles and be of modular construction with factory assembled and tested wiring, units which must
be mounted to allow access to the front and rear of the Relays mounted on such panels shall be flush
mounted. The construction method shall offer the benefits of minimum site construction times and
circuit outage requirements.
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Interconnections shall be identified in accordance with the requirements for dependent local
end marking as specified in [EC60445. The interconnections shall be made on appropriate schedule or
diagram.

Logic diagram for protection system should be offered with the tender. For modular protection
systems, means shall be provided to lock positively each withdrawable module or unit in the “service”
position. It shall not be possible to remove any module without first short-circuiting all associated
current transformer circuits.

4.1.1-6 Operator Interface:

Each digital protection system shall be prov ided with an integral local operator interface facility
to enable communication with the relay without the use of external equipment.

The protection relay shall also be supplied with the facilities identified below .
Identifications:

Each protection system shall have a unique identifier which is clearly visible. The software
reference and issue level shall be identified.

Settings:

Each protection system shall provide means by which the user can easily access the protection
system to apply the required settings, which is also secure from inadvertent operation. A display of the
selected settings shall be provided on the protection system.

Indications:

Each relay or protection scheme shall be provided with an adequate number of indications to
ensure that the appropriate faulted phase, zone, etc. can be easily identified after a fault condition. Each
indicator shall be visible and capable of being reset without removing the relay cover. Unless otherwise
approved, indication should only be given by the protection where the fault to be cleared .

Indication shall be provided for failure detected in the protection relay. The status of the DC
power supplies shall be permanently indicated. The indication provided shall be designed to allow the
defective item to be quickly identified. Details of the indication required for specific types of relay are
provided in the individual sections of this specification covering particular types of relay.

4.1.1-7 Protection System Output Contacts:

All protection systems shall be provided with an adequate number of contacts of suitable rating
to carry out the required tripping functions, alarm indications, fault recorder functions and such
supplementary signaling functions as may be necessary for initiation of automatic switching control,
intertripping, etc. In all cases, contacts intended for tripping duty shall be designed such that they
cannot inadvertently interrupt current in the trip coil.

4.1.1-8 Test and Isolation Facilities:

Each functional protection system shall be so arranged that operational and calibration checks
can be carried out with the associated primary circuit(s) in service.

Adequate test facilities shall be provided within the protection system to enable the protection
equipment to be tested from the front of the protection equipment panel with the primary circuit(s) in
service. The test points shall be clearly identified and labeled.

Protection Relays shall include supervision facilities which provide a periodic self check of the
key elements within the relay and also provide continuous self monitoring of all internal power
supplies and microprocessor operation. A defect in any of the self supervision facilities shall not cause
maloperation of the protection relay. Internal self-test facilities shall give an alarm should an internal
fault occur.

15,220 538 .8 20-15/66 U Jy s ildoss

+ & =



Adequate facilities shall be provided, preferably at front of each protection equipment unit to
isolate all dc and ac incoming and outgoing circuit so that work may be carried out on the equipment
with complete safety for personnel and without loss of security in the operation of the swiching station.
The isolation points shall be clearly identified and labeled. The labels on the isolation points shall
either describe the function or be uniquely numbered.

The contractor shall provide a list of all the test and routine testing of all protection and
autoreclose equipment.

4.1.1-9 Environmental Requirements:

Temperature:

The nominal range of ambient temperature shall be (-10°C to +55°C).

The protection relays shall operate satisfactorily when tested to the following requirements:
IEC 60068-2-1 with severity class -10°C (96 hours).
[EC 60068-2-2 with severity class 55°C (96 hours).

The protection relays shall be able to withstand the temperature requirements for storage and
transportation and shall be tested to the following requirements:
IEC 60068-2-1 with severity class -10°C (96 hours).
[EC 60068-2-2 with severity class 70°C (96 hours).

Relative humidity:

The protection relays shall operate correctly with a relative humidity of 93% and shall be tested
to IEC 60068-2-78 with severity class 56 days.

Qutdoor enclosure:

The protection relays shall meet the requirements of the tests detailed in TEC60529 with
classification IP53 (dust protected). If the individual enclosure of the relay is to a class less than IP53
then the tenderer shall provide a cubicle to classification IP53 to accommodate the relay.

Vibration:

The protection relays shall meet the requirements of the tests detailed in IEC60255-21-1 with
severity class I.

Shock and Bump:

The protection relays shall meet the requirements of the tests detailed in IEC60255-21-2 with
severity class L.

Seismicity:
The protection relays shall meet the requirements of the tests detailed in IEC60255-21-3 with
seismicity 0.15G.

4.1.1-10 Electrical Requirements:

Auxiliary DC energizing:

The protection systems shall be capable of being energized from a DC auxiliary energizing
voltage of 48V (nominal).

The protection system or its associated power supply for 48VDC supply system shall operate
correctly over voltage range of -30% to +10% of rated voltage.

The protection system shall meet the requirements of I[EC 60255-26.

e
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Frequency:

The standard rated frequency shall be 50Hz. The nominal range of frequency shall be (-5 per
cent) to (+5 per cent).

Product Safety:

This specification for digital protection system is according to requirements of [EC60664-1 and
IEC60255-27.

Electromagnetic Compatibility

This specification for digital protection system is according to requirements of [EC 60255-26
with zone B severity class.

4.1.1-11 Test Requirements:

4.1.1-11-1 General Requirements:

The contractor shall supply test results and/or service operating evidence to confirm
compliance with the general and performance requirements as detailed in this specification.

4.1.1-11-2 Pre-commissioning and Energizing tests:

The contractor shall submit details of all pre-commissioning and energizing factory tests to the
EDL for approval prior to the tests.

4.2 STANDARD PROTECTION SCHEMES:

The following sections of this specification identify the protection requirements for specific
circuit types.

4.2.1 66/20-15 kV Transformer:
The 66/20-15kV transformer shall be provided with protection equipment .

- Trip relay

- Lock out relay

- Test swich for each main protection relay
- Test plug for each substation

4.2.2 High Speed Differential Protection (87T):

Overall transformer differential protection shall be provided for 66/20-15kV transformer. The
protection shall comply with the following requirements:

a) The protection shall remain stable for all out-of-zone faults with fault currents up to 15 times
the full load rating of the protected circuit. The transformer protection shall also remain stable
for all other transient conditions, such as in-rush currents, which are not due to faults inside the
protected zone.

b) Protection provided for transformers which includes biasing against magnetizing inrush
conditions shall be guaranteed to operate for maximum internal zone short circuit conditions.

¢) The relay operating time shall be less than 30ms at an operating level of 5 times the setting.

d) Relays which include the facility to compensate for unmatched current transformer ratios on
either side of the transformer and provide vector compensation (ie. interposing transformers)
as an integral part of the relay, are preferred.

¢) Separate measuring element, with indication for each faulted phase (LEDs and output
contacts).
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f) Differential current measuring elements setting range is 0.2-0.5In with precise steps.
. g) Amplitude and phase matching function is preferred to be included in the relay.

h) Facility of measuring the input and differential currents is required (front test sockets or

display).

i) The differential protection shall be of biased high speed through fault stabilizing with the
differential current setting range.

j) The relay shall have facility to avoid unwanted tripping in case of magnetizing inrush current.
This facility shall be so designed not to increase the operating time of the relay for internal
faults. The DC offset must not affect the operating characteristic of the relay, intermediate
current transformers shall balance the current inputs of the relay during normal or external fault
conditions.

k) Suitable connection circuit of these intermediate current transformers also shall avoid unwanted
tripping due to external fault conditions.

) Restricted each fault protection shall be of high impedance type. the summation of current shall
be obtained from neutral point of the intermediate current transformer and neutral CT of the
earthing transformer for 20-15kV side and neutral point of the intermediate current transformer
and 66kV neutral CT of power transformer for 66kV side.

m) The relay shall not be affected by harmonics/DC components from the input currents.

n) Self monitoring function of the relay elements is required to be included with alarm and output
contact in case of internal defects.

4.2.3 Restricted Earth Fault Protection:

Overall transformer differential protection shall be supplemented by two high speed restricted
carth fault functions to detect earth faults on the 66kV star winding of the inter-bus transformer and its
connections to the 66kV bus bar .

The protection shall comply with the following requirements:
a) Restricted earth fault protectionshall remain stable for all out-of-zone faults with fault currents
up to 15 times the full load rating of the protected circuit.

b) Definite operation of the restricted earth fault protection shall occur for short-circuit earth faults
on power transformer windings as near as practicable to the neutral point and at least 85 per
cent of the winding shall be protected.

¢) On solidly earthed systems the fault setting shall not be less than 25 per cent of circuit rating.
d) Protection which operates on the high impedance principle is preferred.

4.2.4 Over Current and Fault Protection:

Over current relay should be equipped with separate measuring elements for all three phases
and earth fault with individual setting for phase and earth fault operating thresholds.

4.2.5 Thermal imaging and oil/gas surge indication repeat relays:

Buchholz gas, oil temperature and winding temperature protection is specified as an integral
part of the transformer specification. Buchholz gas alarm and trip functions are provided for both main
transformer and On load tap changer compartment.

Thermal imaging (eg. winding temperature) and oil/gas surge detection devices (ie. Buchholz
relays) provided on power transformers will normally only have one contact each. For maximum
security it is preferred that these contacts shall operate the appropriate trip relays directly. For local
and remote alarms a current operated repeat relay or parallel repeaters or combination of rapid and
slow heavy duty contacts especially for oil surge relays and for other transformer mechanical
protections heavy.
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Duty slow reliable repeaters for both trip and alarm shall be connected in series with each
transformer protection trip device and trip relay. These repeat relays shall have hand reset flag
indicators and shall provide sufficient contacts for all alarm and indication functions.

4.2.6 Earthing/auxiliary transformer (connected to the MV windings of the main transformers):

Two time-delayed earth fault relays shall be provided for earthing/auxiliary transformers. The
relays shall be energized from separate current transformers connected in the neutral earth connection
of the earthing/auxiliary transformer. For the purposes of this specification the relays are designated
"51 N(1)" and "51 N(2)".

a- Both relays 51N(1) and 51N(2) shall have a range of current settings of at least 10 to 40 per cent of
rating. Typically SIN(1) will have a current setting of 40 per cent and 5IN(2) will have a current
setting of 20 per cent.

b- Operation of SIN(1) will intiate two definite time delay relays. Timer] shall have a setting range of
1 to 10 seconds and Timer2 will have a time setting range of 0.1 to 3sec.

c- Operation of Timer! shall trip the appropriate LV circuit breaker. After a futher delay of typically
0.5sec, the HV circuit breaker will be tripped. Timer] will have a setting of seconds.

4.2.7 Protection Groups for Transformers:

Protection equipment associated with 66/20-15kV interbus transformers shall be considered in
two groups: Main and Backup protections. The Table below identifies the protections for Main and
Backup systems.

TRANSFORMER PROTECTION GROUPS

Main protection Backup Protection
Overall differential HV overcurrent
Restricted earth fault LV overcurrent
Sensitive earth fault Buchholz trip
Winding temp trip
Oil temp trip
Earthing transf earth fault

4.2.3 (20-15)kV Protections:

All (20-15)kV outgoing circuits (cables or overhead lines) shall be fitted with a composite three
pole overcurrent and single pole earth fault relay.

All (20-15)kV incoming circuits (Cables) shall be fitted with a composite three pole
overcurrent fault relay.

All (20-15)kV outgoings shall have a trip lock out relay for all outgoings.
All (20-15)kV measuring cubicles should be equipped with over and under voltage relay.

4.3 CONTROL, METERING AND INSTRUMENTATION:

Control system should be fitted into four positions:

- Remote digital control system by PC from the control room in the s/s. And software with the same
requirements of the conventional control as minimum.

- Local control from (66) and (20-15) kV switchgear.
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4.3.1 Substation Control:
4:3.1-1 General :

Control units supplied and installed in the substation building under this specification shall
provide all necessary facilities for the safe and effective control of the plant and equipment supplied
under this specification. A control selector switch labeled "remote" and "supervisory". Lockable in
both positions shall be provided for the feeder bay.

4.3.1-2 Mimic diagrams and should be digital for the main control system:

Control units shall be provided with a mimic diagram showing the main power connections in
single line schematic form at convenient dimensions so as to permit operation and visual inspection of
discrepancy control switches and indicators which shall be incorporated in the diagrams. The mimic
colour code shall be as follows:

System voltage Colour to IEC
66 kV Yellow
20 kV Blue

Discrepancy control switches shall be provided for all circuit breaker, disconnector and for
indication of the position of certain circuit brakers and disconnectors as required by the Schedules.
Discrepancy lamps shall be arranged to light when the position of all the main power device is at
variance with the indicator and shall distinguish when the main power device and indicator are in
agreement. An audible warning (control room buzzer) shall also sound during the discrepancy
condition.

# Local/remote selector switch shall give to a local operator the means to fully operate circuit breakers
and disconnector switches of a bay.

* Discrepancy switches (i.e. turn push lighting switches) to control and supervise all HV apparatus
(circuit breaker, disconnector switch, earthing switch) shall be provided on the control panel.

4.3.1-3 Alarm Equipment:

Multi-way alarm annunciators shall be provided on each control panel for the display of alarms

for the circuits controlled from that control panel. [nitiation of the alarm shall cause an individual alarm
window to give flashing illumination and an audible alarm to sound. Alarm annunciator ways shall be
suitable for initiation by contacts closing or opening and for fleeting or persistent alarms.
Each alarm annunciator shall be provided with accept, reset and lamp test facilities. Operation of the
accept facility shall cause the individual alarm window to be steadily illuminated and the audible alarm
to silence. Resetting should cause the individual alarm window to extinguish but only after the alarm
initiating contacts have reset. Initiation of a second alarm when a previous alarm has been accepted
shall cause the alarm window of the second alarm to give flashing illumination and the audible alarm
to sound. A common audible alarm without causing change in alarm window illumination. Initiation
of another alarm should cause the audible alarm to re-sound. "non trip" alarms shall activate a buzzer
in the control room (separate from the discrepancy buzzer) and "trip" alarms shall activate a bell. The
alarm equipment shall be suitable for power supply of 48VDC. The DC supply failure alarm relays
shall operate a separate annunciator on the station control desk. The supply for this alarm shall be a
separate supply from the 48VDC battery. Ten per cent alarm windows with a minimum of two shall
be provided on each alarm annunicator.

The number of alarm windows should be mentioned as below (for each control panel) :

a) (66)kV trans. feeder (20) alarm
b) (20)kV trans. feeder (20) alarm
¢) (20)kV outgoing feeder (10) alarm
d) (20)kV busbar feeder (15) alarm

¢) Common service (20) alarm
f) AVR panel (15) alarm
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4.3.1-4 Digital Instruments and Meters:

All feeders should be equipped with a measuring center in the control panel and this measuring
center should measure the mentioned quantities as below:
1- Current
2- Voltage
3- Active power
4- Reactive power
5- Active energy
6- Reactive energy
7- Power factor
8- Powerquality
9- Max. demands
10- Load profile
11-No. of tariffs >3

Note: Two direction flow for (66)kV feeders and for (20-15)kV feeders

The energy meters should be part of numerical control and protection system and combined separately
on local control unit.

4.3.2 Supervisory Control, Telemetering and Indication:

4.3.2-1 General:

Equipment shall be provided to allow control from the System Control Center SCADA, when
the remote supervisory, of the following:

a) Close/trip of all circuit breakers.

b) Close/open of all disconnectors.

¢) Raise/lower of all transformer on load tap changers.
d) Resetting of electrically reset trip relays.

The duration of the control pulse from the supervisory equipment is two seconds and any
equipment required to obtain satisfactory operation with the two second pulse shall be provided .
4.3.2-2 Numerical Indications LEDS:

On/Off position indication shall be provided to the System Control Center for the following
items:

a) For each feeder or transformer circuit:
Circuit breaker.
Disconnectors.
Line or transformer earth switch.
Supervisory control in service.
Local /remote control in service.

b) For each transformer:
Control selection (auto/manual).
Control selection (remote/supervisory).
Tap change in progress.
Tap position indication (potential free contacts on multi position switch).

4.3.2-3 Alarms:

All alarms annunciated in the station control room shall be repeated to the network Control
Center (LNCC).

e
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4.3.2-4 Digital Measurements:

: Measurements shall be provided to the network Control Center (LNCC). They shall be fed
from the substation and provide an output to the telecontrol equipment. Bidder should offer all the
needed equipment to communicate with LNCC. Bidders should provide the followings for substations
schemes.

- Provision to be made in control schemes for local selector swiches per bay or per s/s to select local
control or LNCC control.

Sicnals shall be provided for the System Control Center as follows:

a) Feeder MW. MVAr. kV and A

b) Transformer A (on HV side)

¢) Transformer MW, MVAr, KV and (on [ V side).
d) Busbar (phase to phase ) voltage.

e) Busbar frequency.

4.3.2-5 Marshaling Cabinets:

Separate floor mounting marshaling cabinet shall be provided under this specification to form
the interface between this specification and the supervisory control equipment specification.

Supply and installation of cable and glands for connections from the supervising control
equipment to the cabinets are excluded from the specification .

All terminals shall incorporate open circuiting/short circuiting links, as necessary to permit
isolation and testing of circuits to the supervising control equipment.

4.3.2-6 Digital Control and Relay Units and Facilities:

All remote control, relay , alarm and instrumentation facilities shall be located in a pre building
within the main plant building, and mounted on cubicles arranges in suites according to their function
ic control, relay, metering, etc...

All control, alarm and indication facilities shall be grouped on a per circuit basis Relays shall
also be units protection on a per circuit basis.

All power operated equipment shall be operable either locally on site or remotely from the
control room, but the two systems shall not be in operation simultaneously. Facility for selection of
"remote" or "local" control shall be provided on site adjacent to the equipment being controlled.

Each cubicle shall be fully wired and equipped with all necessary equipment including alarms,
indication and test facilities, isolating facilities, instruments, fuses and cable terminations etc..

All circuits, equipment, control switches, etc. shall be clearly labeled as to their purpose and
function.

Indicating devices shall preferably be of the hand dressed discrepancy type.
Circuit labels shall be provided on the front and back of unit and on the outside of the cubicle doors.

Alarm and indication equipment as specified shall be provided in the control room to indicate
the operation of the main and back up system protections, operation of the equipment alarms including
those on the power transformers, reactors and switchgear and all other alarms wich are required for
the satisfactory operation of the complete installation.

Alarm annunciation equipment as specified shall be mounted adjacent to the mimic diagram
panel, capable of accepting all the alarms required within the substation, and compatible with the relays
equipment provided, i.e. capable of accepting the alarm signal generated.

/,
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Where mimic diagrams are not specified, indicating devices shall be provided adjacent to the
circuit breaker control handle or switch to show whether the circuit breaker is open or closed.

A common bell or buzzer shall be provided to give audible alarm when any circuit breaker has
tripped automatically. Means shall be provided for silencing the audible alarms whilst leaving it free
to sound when the tripping of any other circuit breaker occurs.

Indicating lamps and lamp-holders shall be so arranged that replacement of lamps and the
cleaning of glasses and reflectors employed can be readily effected.

Indicating lamp glasses on relay panels shall be white.

All control and relay units shall have a continuous earth bar of sectional area not less than 70
mm?, run along the bottom of the panels, each end being connected to the main earthing system. Metal
cases of instruments and metal bases of relays on the units shall be connected to this bar by conductors
of cross sectional area not less than 3 mm?2,

The closing circuit, signaling circuits and each tripping circuit shall be separately fused.

4.3.2-7 Control and Selector Switches (could be numerical for local control unit or mini

switches):

Switches shall comply with the requirements of [EC60947, and particular duty and utilization
category required being selected from the range stated, according to the duty imposed by the particular
application.

Switches shall be designed to prevent them from being operated inadvertently. Means shall be
provided for locking the control switches when they are in the “neutral” position. Means shall be
provided for locking selector switches in the “remote” position. Where selector switches are required
to have a “neutral” position means for locking in this position shall be provided. Control switches of
the discrepancy type shall require two independent movements to effect operation. The control switch
shall be so designed that when released by the operator it shall return automatically to the “neutral”
position after having been turned to the “closed” position and shall at the same time interrupt the supply
current.

4.3.2-8 Indicating Lamps and Fittings:

Indicating lamps fitted into the fascias of switches and cubicles or panels shall be adequately
ventilated. Lamps shall be easily removed and replaced from the front of the panel by manual means
not requiring the use of extractors.

The bezel of metal or other approved material holding the lamp glass shall be of an approved
finish and be easily removable from the body of the fitting so as to permit access to the lamp and lamp
glass.

The lamps shall be clear and shall fit into an accepted standard form of lamp holder. The rated
lamps voltage should be 10 per cent in excess of the auxiliary, supply voltage, whether ac or dc.

Colour Class of Indication Example

Red Circuit breaker or Reserved only for the
Contactor Closed function mentioned

Green Circuit breaker or Reserved only for the
Contactor open function mentioned

White Lamp normally aligh Voltage healthy, trip

supply healthy
equipment in normal

service, ect..
Amber Alarm indication Transformer over
Which action is neccessary temperature changer
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fail, circuit breaker
tripped due to fault, ect...

Blue Signal (with label) Circuit breaker closing
springs being charged,
tap change in progress.

.3.2-9 Supervisory Control Facilities:

Facilities shall be provided on all equipment to permit the repeat of appropriate indications,
alarms and controls by telemetry to a remote control center Store the acquired data in local solid state,
non-volatile, memory.

Immediately begin printing the record on the local printer (if so equipped). It shall be possible
to disengagethis facility so that a print out only produced when requested.

Continue to acquire additional faults and/or disturbance data without interrupting any other
tasks already in process.

Automatically return to the standby mode after all acquired data is stored or printed.
4.4 TESTING:

PROTECTIVE AND AUXILIARY RELAYS:

Routine and type tests shall be made to IEC 60255 and in accordance with the manufacturer’s

specifications.

- Calibration and setting tests

- Characteristics and accuracy tests

- Stability tests (Vibration and shock withstand)

- Simulated bus fault tests

- Other type fault simulation tests

- Insulation tests

- Insulation verification

- Primary injection test

- Protection scheme selectivity and stability test

- Secondary injection test and relay calibration

- Real fault operation test.
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5. AUXILIARY EQUIPMENT

5.1 GENERAL:

This section describes technical requirements for auxiliary and common equipment distribution
board, and grid 220-380VAC in order to supply all consumers in switchgears and buildings, control
devices, ventilation, heating, lighting, air conditioning, etc. The grid 220-380VAC is supplied normaly
from earthing-auxiliary service transformer and in emergency from stand-by diesel generator set.

One accumulator battery 48 VDC shall be provided for control and signaling .
Two charging rectifier sets shall be prov ided for batteries.

Lightning protection shall be provided for effective shielding of the substation against direct
lightning strike. An earthing system shall be provided for the substation. It shall be taken into
consideration the direct earthing of neutrals of the star connected windings of the transformers 66/20-
15kV. All parts of apparatus, tanks, as well as one side of all the secondaries of current and voltage
transformers shall be earthed also.

The substation lighting shall be fed from AC supply 220V (phase neutral). Emergency lighting
fed from DC supply shall be installed to ensure continuity of operation and control.

Suitable ventilation, heating and air conditioning shall be provided in the substation.

All materials in connectors shall be able to withstand temperature from -10°C to 55°C without
becoming brittle or loose their mechanical or electrical properties.
Voltage rating of cables

Low voltage AC cables and VT & CT cables shall be rated 0.6/1kV (IEC60502); control,
signal, DC & transducer output cables shall be rated 450/750V (IEC60227).

Metallic screen:

All transducer output or weak signal cables shall be equipped with metallic screen.

Distribution boards design:

- Boards and switchgear cubicles shall be metal enclosed indoor type, free standing and designed
according to IEC 61439.

- Neutral bus shall be insulated and positioned near the cable entrance openings.

- Earth bus shall be separated from neutral bus.

5.2 LV SWITCHGEAR:

The LV switchgear for the auxiliary supply shall be of the metal clad unit type construction,
mounted on strong steel structure and suitable for wall or free setting up. It will comprise the following:

1- A metal clad cubicle for low voltage connection to the earthing & station service (auxiliary)
transformers and to the reserve auxiliary 380VAC source, equipped with circuit breakers and
automatic switch equipment necessary to insure the continuous supply either from the auxiliary
transformers or from the reserve auxiliary as follows:

- Main supply is from the earthing transformer 20-15/0.4 kV.

_ The reserve auxiliary 220/380VAC- 50Hz, power source should start when the earthing
transformer is out of service.

F
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2- A metal clad auxiliary distribution panels equipped with three phase copper bus-bar system for
380/220V, 3pole main circuit breakers, and circuit breakers for the different outgoing circuits. The
" circuit breakers should be equipped with magnetic and thermal protections.

The distribution switch board should be equipped also with the necessary voltmeters,
ammeters, current transformers, signaling lamps.

5.3 GENERAL DESIGN REQUIREMENTS FOR AC/DC:

5.3.1 AC Panel Arrangement:

Panel arrangement shall meet the following requirements:
- 1 board for the incoming auxiliary power transformer

- 1 board for the incoming reserve auxiliary power

5.3.2 AC Supply:

Interlocking scheme shall be provided to prevent any parallel operation of auxiliary power:
automatic change-over switch mechanism must avoid any coupling of auxiliary power transformer by
an electrical and mechanical operation (i.e. mechanical and electrical interlocking).

Interlocking scheme and logic diagram applied to automatic change-over system shall be
submitted.

Cable link between each power supply (i.e. auxiliary transformer and reserve auxiliary) and the
AC panel shall be protected by a disconnector switch and a circuit breaker located closed to the power
supplies (i.e. auxiliary transformer and reserve auxiliary).

All voltage supervision circuit shall be protected by MCB’s.

To achieve the change-over operation between the auxiliary transformer incoming and reserve
auxiliary, a three phase voltage supervision feature (undervoltage-F27) shall be installed on the AC
busbar.

Each MCB shall be equipped with thermal and magnetic protection device.

Each MCB shall be equipped with an optical indicator and auxiliary contact for a tripping
signal.

5.3.2-2 AC Distribution Principle of MV Switchgear shall Meet the Following Requirements:

- 1 outgoing feeder in “no-essential” distribution board of AC panel shall supply the heaters of
all MV apparatus.

- 1 outgoing feeder in “essential” distribution board of AC panel shall supply all MV circuit
breaker motors.

- 1 outgoing feeder in “essential” distribution board of AC panel shall supply relays with AC
auxiliary voltage (if any) .

5.3.2-3 AC Distribution Principle of Common Devices Shall Meet the Following Requirements:

- 1 outgoing feeder in “no-essential” distribution board of AC panel shall supply the control
room ventilation.

- 1 outgoing feeder in “essential” distribution board of AC panel shall supply the control room
air conditioner.

- 1 outgoing feeder in “no-essential” distribution board of AC panel shall supply the other air
conditioners of the control room.

ch,a20 53 Cad 20-15/66 A i pad Cilaaa 82 gb[, fg j—'
S 4

£ & food ct— < 4



- 1 outgoing feeder in “no-essential” distribution board of AC panel shall supply the control
room heaters.

- 1 outgoing feeder in “essential” distribution board of AC panel shall supply the control room
lighting and outlets.

- 1 outgoing feeder in  essential” distribution board of AC panel shall supply the outdoor
lighting and outlets.

1 outgoing feeder per battery charger in “essential” distribution board of AC panel.

| outgoing feeder in “no-essential” distribution board of AC panel shall supply the pre-heating
and charger of the diesel generator.

| outgoing feeder in “essential” distribution board of AC panel shall supply the common
control devices.

| outgoing feeder in “essential” distribution board of AC panel shall supply the AC voltage
supervision of emergency lighting automatic change-over system.

Spares installed in both “essential” and “no-essential” board of AC panel.

5.3.3 DC DISTRIBUTION BOARD:

The DC distribution board shall be of metal enclosed type and shall maintain all the necessary
breakers, control switches, measuring instruments, protective gear, etc.

It shall contain all feeders necessary for connection of the battery, rectifier and DC consumers
including emergency lighting which should be automatically put into service in case of AC supply
failure.

5.3.3-1 DC Supply:

Two separate chargers with their own regulation, supervision, metering, accessory devices
shall be provided. Each charger shall be able to directly supply the full auxiliaries load for the entire
substation with the battery disconnected.

All accessory devices (i.e. regulation, supervision, metering,..) shall be protected by fuse
switches.

The MCB of the incoming charger shall have an optical indicator and an auxiliary contact for
a tripping signal, the MCB of the incoming battery shall have an auxiliary contact for open position
status. The batteries shall be continuously connected to the load and to the chargers.

A (0~250) V voltmeter shall be installed on DC busbar.

The voltage supervision device shall avoid overvoltage and undervoltage on the load. The
chargers shall be switched off automatically when the output load voltage exceeds a specified limit
(overvoltage).

All voltage supervision circuits shall be protected by MCB’s. Each MCB shall be equipped
with an optical indicator and an auxiliary contact for a tripping signal.

Lamps installed on each outgoing feeder (not giving any advantages to maintain or operate the
system) shall be avoided.

The switchgear, the protection panel, the control panel, the metering panel, each MV rake could
be fed by dedicate single feeder (i.e. one outgoing per bay for the protection devices, one for the control
devices, one for the switchgear, one outgoing per rake, etc.).

DC distribution principle shall meet the following requirements:
-1 outgoing feeder per 66 kV bay shall supply protection devices / relays,
-1 outgoing feeder per 66 kV bay shall supply control devices / relays,
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-1 outgoing feeder per 66 kV bay shall supply alarm devices / relays,

-1 outgoing feeder per MV rack shall supply protection devices / relays,
-1 outgoing feeder per MV rack shall supply control devices / relays,

-1 outgoing feeder per MV rack shall supply alarm devices / relays,

-1 outgoing feeder shall supply emergency lighting,

-1 outgoing feeder shall supply AC panel control,

-1 outgoing feeder shall supply common device.

5.5 CHARGING RECTIFIER SET:

Two rectifier units shall be of the semiconductor diode type in bridge connections, for
intermittent charging and continuous floating of the stationary accumulator battery 48V. The rated
output current and the floating current shall be approved by EDL. The rated DC output voltage will be
48V.

One of the rectifiers shall be standby with automatic switch-over in case of main rectifier
failure.

The rectifier units shall be incorporated in metal clad panels mounted on carriage. It will
include the 220/380V supply transformer.

The unit will be complete with all the necessary change-over switches, selector switches,
conductors, auxiliary relay, protection switches, ammeters, voltmeters, On/Off push buttons, signal
lamps, etc.

5.6 STATION ACCUMULATOR BATTERY:

The stationary accumulator battery shall provide the 48 VDC supply necessary for operation,
signaling and protection of the substation as well as for the substation emergency lighting. The capacity
shall be determined on this basis.

It will comprise cells, wich type to be defined in the offer, necessary for 48 Volts supply.

The capacity shall be rated by the tenderer and approved by EDL.

5.6.1 Useful Requirements:

The battery bank should not be installed close to the DC panel or in the same place.

Both poles of the DC power supply system for protection, control, signaling and metering
equipment could be earthed over the middle of a high resistance potential divider in order to detect an
earth leakage on both the positive and negative poles.

Ammeter and voltmeter installed on the battery are not necessary.

108,20 538 L3 20- A Jy g5 Cllase
3,420 5% (3.8 20-15/66 Vs a3 84 . ‘5 B

AR~ B



Spare Parts List for three Mobile Substations 66/20-15 KV, 20MVA

Unit Total
Item Description QTY | Price Price
66 1
KV High voltage 66 KV Circuit breaker 1
spart 2 | Opening release coil 3
parts 3 | Closing release coil 3
4 | Spring charging geared motor 3
Medium voltage 24KV incoming
5 | Circuit breaker 1
MV 6 Medium voltage 24KV outgoing Circuit
spart breaker 2
parts 7 | Opening release coil 10
8 | Closing release coil 10
9 | Spring charging geared motor 10

Total amount

This table must be completed and the total amount reported to position 4 of the bill of quantities
and must be included exclusively in Envelope No. 2 of the offer, with no other indication of prices

elsewhere under penalty of rejection of the offer.
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