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1. System Parameters & Design

1.1  System Electrical Parameters

1.1.1 System Conditions

Equipment supplied under this contract shall be suitable for the following system conditions:

Description Unit Required

Nominal system voltage between phases kV 400 |230 132 33

System frequency Hz 50

Rated voltage between phases kv 420 245 145 36
1425 for

Rated lightning impulse withstand voltage kv Equipment 1050 650 170
/1550 for Bus PI
1050 for

Rated Switching Impulse withstand voltage Equipment/1175 | NA NA NA
for Bus PI

Rated power frequency withstand voltage kV, 1 min |520 460 275 70

Rated symmetrical short-circuit current

For GIS Switchyard kA, 3 sec |63 50 40 31.5

AlS Switchyard kA, 1sec |63 50 40 315

1.1.2 System Earthing

1.1.2.1 All Main Transformer Neutrals shall be solidly earthed (The 400/230/33kVAuto-Transformers,
230/132/33kV Auto-Transformers, 400/132/33kV Auto-Transformers and 132/33kV Power
Transformers are solidly earthed.

1.1.2.2 The Grid system Voltage is solidly earthed at transformer Neutrals at different voltage levels, i.e.
400kV, 230kV &132kV.

1.1.2.3 The 33 kV system is solidly earthed at some of the 132/33 kV grid substations and resistance
earthed at some of the grid substations.

1.1.3 Minimum Substation Clearances
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Air insulated connections shall have electrical clearances as listed in the following table:

Description Unit Required
Nominal system voltage kv 400 230 132 33
Minimum clearance between live metal parts and earth mm 3500 [2100 1300 |380
Minimum clearance between live metal mm 4000 [2400 1500 [430
Minimum safety clearance between ground and mm 2700
the nearest point not at earth potential of an insulator
Minimum safety clearance between ground and the nearest
live unscreened conductor (BS 7354: Safety Working | mm 6400 (4270 |3500 |2740
Clearance) / Section Clearance
Minimum insulator creepage distance 31
mm/kV

(at rated voltage between phases)
1.1.4 Low Voltage AC System
e Unit Required for equipment At and Terminal

design Lighting | Other uses
Rated service voltage (3 phase, 4 wire Vv 415 415
50 Hz)
Tolerance on rated voltage % +15%, -15% 6% |8%
Swnchgear symmetrical  breaking KA 15 KA., 3 sec
capacity
System earthing - solid

1.1.5 Low Voltage DC System

For d.c. motor driven auxiliaries, relays, tripping, indicating lamps and controls.

_ . i i At Load Terminal
Description Unit Reqmred for equipment i
design Lighting Other uses

Nominal DC voltage V 110 110
Tolerance on rated voltage % +15%, -15% 6% |8%
For telecommunication & SCADA
Description Unit (I?:gu::ed for  equipment

9 At Load Terminal
Nominal DC voltage Vv 48 48
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|To|erance on rated voltage % +15%, -15% 8%

1.2 Climatic Conditions

All plant and equipment supplied under the contract shall be entirely suitable for the climatic
conditions prevailing at site.

The project area and vicinity is close to sea level and is in a tropical climate.

The ambient shade temperature variation is between 4°C and 40 °C with periods of high
humidity.

Between May and November, low-lying areas are subjected to flooding. Flooding
countermeasure shall be taken for the civil design, so as not to affect any substation equipment
during the wet season. As per the recorded past maximum flood water levels in the project area,
sufficient ground level height for land formation is required at the Contractor's responsibility. On
certain sites, the flooding can be taken as an advantage in that the heavy loads may be floated
on barges to close proximity of the sites.

The project area is a designated zone of moderate earthquake intensity. The seismic factor for
GIS and AIS is mentioned below. Atmospheric pollution is moderate and no special insulator
design or washing is required. The area is subject to high winds of typhoon strength.

Description Unit Required
Maximum ambient shade temperature °C 40
Minimum ambient shade temperature °C 4
Maximum daily average temperature °C 35
Maximum annual average temperature °C 25
Maximum wind velocity km/h 160
Minimum wind velocity for line rating purposes km/h 3.2
Solar radiation W/m2 1000
Rainfall mm/year 2500
Relative humidity, maximum % 100
Relative humidity, average % 80
Altitude m < 1000
Atmospheric pollution - medium
Icing no ice or snow expected
Seismic factor g 0.2 for Indoor GIS
0.1 for AIS & Outdoor GIS
Soil type - Alluvial
Soil temperature (at 1.1m) °C 30 °C at 1.1 meter depth
Soil thermal resistivity °Cm/W 15
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Description Unit Required

Isokeraunic level (thunderstorm days/year) days/year |80

Peak Amplitude of Lightning Impulse (for Lightning
Insulation Co-ordination)

kA 200

The information in this clause is given solely for the general assistance of Bidders and no
responsibility for it will be accepted nor will any claim based on this clause be considered.

1.3

13.1

1.3.2

1.3.3

134

1.3.5

1.3.6

1.3.7
1.3.8

1.3.9

System & Plant Design

Under the system & plant design, this section defines all necessary design works
required for the present scope of work for this turnkey project, including the creation of
design drawings, providing site support during the construction phase and the provision
of final as built drawings.

The Contractor shall provide supporting documentation, calculations, system studies,
drawings, descriptions, manuals, manufacturer quality plan, as specified in this
Specification.

The Contractor shall provide progress reports and meetings with the PGCB'’s
Representative whenever the Principal demands and as specified in the bid document.
The design of the substation shall be in accordance with the relevant standard as
mentioned in the bid document, and the PGCB approved Substation Standards.
However, the Contractor must be responsible for the content of all drawings created or
modified as part of the project.

The Requirements set out herein represent the minimum Requirements acceptable to
the Principal (PGCB).

Once approved, the Contractor shall not modify the drawings, designs, calculations or
any part thereof during the construction period, unless the request derives from a
serious omission or error in the design. Such modification shall be only acceptable prior
to employer’s approval.

The Contractor shall provide all design drawing calculation files (such as .cad file) used
in production of the studies to the PGCB.

The Contractor shall incorporate the PGCB’s standard identification nomenclature and
labelling into all design.

Any design, drawings & calculation shall be notified in writing to the Principal (PGCB)
for approval and shall be based on the methods given in the standards listed

The design scope of works shall include the following:

1.3.10 Station Design:
1.3.10.1 The contactor shall provide design, drawings & calculations listed below:

GA drawing of station under scope of work
Clearance Diagram

Single Line Diagram

Erection Key Diagram

Conductor Sizing
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Power Cable Sizing Calculation (when required)
Communication & SCADA Diagram

General Agreement Drawing of Layout plan

Erection key diagram

Control Room Equipment / Internal Layout Drawing
Switchyard SPR Equipment/ Internal Layout Drawing
HV Power Cable Route Plan

Cable Trench Drawing

Cantilever Force Calculation

Sag Tension Calculation

1.3.10.2 The Contractor must design the works to suit the environmental and system conditions
defined in 1.1 & 1.2 System Electrical parameters & Climatic Conditions.

1.3.11 Protection & Control System Design:
1.3.11.1 The contactor shall provide design, drawings & calculations listed below:

Protection and Metering Single Line Diagram

Interlocking Diagram (hardware & software) & Trip Matrix Diagram.

CT-PT Sizing Calculation

Relay Setting Calculation

Digital Fault & Disturbance Recorder (DFDR) Scheme Drawing

GTP, BoQ and component manuals and other documents as required by this
specification.

1.3.11.2 Detail information & criteria for design, drawing, calculation of protection & control system shall
be in accordance with Section 5: Volume 2, Schedule A: Volume 3 & Tender drawings.

1.3.12 Substation Automation System Design
1.3.12.1 The contactor shall provide design, drawings & calculations listed below:

e Substation Automation System (SAS) Architecture Drawing
GTP, BoQ and component manuals and other documents as required by this
specification.

1.3.12.2 Detail information & criteria for design, drawing, calculation of substation automation system
shall be in accordance with Section 5: Volume 2, Schedule A: Volume 3 & Tender drawings.

1.3.13 Equipment Design:
1.3.13.1 All Equipment design shall be designed in line with relevant sections of this specification.

1.3.13.2 The contactor shall provide following design, drawings & calculations of equipment listed below:

1 Power/Main Transformer:

1 Outline/ GA Drawing
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2 Section Drawing
3 Shipping Drawing
4 Nameplate / Rating Plate
5 Connection Diagram (Sometimes it's merged with Nameplate Drawing)
6 Value Schedule
7 Transformer Qil
8 Over Fluxing Wave
9 Oil-Temperature Curve
10 Sub-Vender List
11 Cooling Calculation
12 Short Circuit Force Withstand Calculation / Short Circuit Design
13 Bushing [High Voltage(HV), Low Voltage(LV), Tertiary Voltage(TV), Neutral
Voltage(NV)] Outline,
Nameplate & GTP of BCT Drawing
14 Transformer Base Detail Drawing
15 Painting Specification
16 GTP of Transformer
17 GTP & GA of Motor
18 GTP & GA of Core
19 GTP & GA of Winding
20 GTP & GA of On Load Tap
Changing (OLTC)
21 Catalogue / GA of Rubber Bag /
Silica gel / Valve
22 Catalogue / GA of Relays[Pressure
Relief Device (PRD) / Qil Surge Relay, Buchholz Relay]
23 Local Control Panel (LCP) drawing/ Local Control Cubicle (LCC) Drawing
24 Fan Control Scheme Drawing
25 Signaling Scheme Drawing
26 Remote Tap-changer Control Cubicle (RTCC) Drawing
2 | Circuit Breaker (CB) :
1 GA / Outline with Section
2 GTP
3 Base Detail
4 Control Circuit Diagram
5 Local Control Panel (LCP) Drawing
6 Mechanism Box (MB) Drawing
7 Nameplate Drawing
3 | Disconnector Switch (DS) :
1 GA / Outline with Section
2 GTP
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3 Control Circuit Diagram
4 Mechanism Box (MB) Drawing
5 Nameplate Drawing
5 | Potential Transformer (PT) / Capacitance Voltage Transformer (CVT) :
1 GA / Outline
2 GTP
3 Sectional Drawing
4 Secondary Box Drawing
5 Nameplate Drawing

6 | Lightning Arrester (LA)

[EEN

GA / Outline

GTP

2
3 Sectional Drawing
4 Nameplate Drawing

Surge Counter GA & GTP

7 | Wave Trap (WT):

1 GA / Outline

2 GTP

3 Sectional Drawing

4 Nameplate Drawing
8 | GIS

GA & GTP with Section

SLD

Maintenance, Repair & Extension (MRE) Philosophy

1
2
3 Gas Zone SLD
4
5

GIS Room Drawing with GIS (for Indoor GIS)

Post Insulator (PI) & Disc Insulator (DI) GA & GTP

Conductor GA & GTP

Fittings /Clamp-Connector GA & GTP

Substation Automation System (SAS) GA & GTP

Digital Fault & Disturbance Recorder (DFDR) GA & GTP

Power Cable GA & GTP

Control Cable GA & GTP

Fire Fighting System GA & GTP

RORNRORORIDMR|WERENR| O

Oil Treatment Plant GA & GTP
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9
2 | Auxiliary Transformer GA & GTP
0
2 | Junction Box
3
2 | Fibre Optic Cable GA & GTP
4
2 | Test Equipment
5
2 | Fiber Optics Telecommunication System GA & GTP
6
2 | Gravel Layout Drawing
8
2 | Cable Trench Drawing :
9
1 Cable Sealing End
2 Cable Termination Kits
3 Cable Gland
4 Cable Tray & Rack
3 | Load Break Switch / DS with Fuse GA & GTP
0
3 | Metering Panel :
1
1l Scheme
2 Manufacturer Drawing

1.3.13.3 Detail information & criteria for design, drawing, calculation of substation automation system
shall be in accordance with Section 2: Volume 2, Section 3: Volume 2, Schedule A: Volume 3,
Schedule E: Volume 3 & Tender drawings.

1.3.14 Telecommunication System Design:
1.3.14.1 The contactor shall provide design, drawings & calculations listed below:

¢ Communication Scheme Diagram
e SCADA system diagram.
e GTP, BoQ and component manuals and other documents as required by this
specification.
1.3.14.2 Detail information & criteria for design, drawing, calculation of telecommunication system, shall
be in accordance with Section 14: Volume 2, Section 15: Volume 2, Schedule A: Volume 3 &
Tender drawings.

1.3.15 Civil Design:
o Detail information & criteria for design, drawing, calculation of

= Building design, transformer pad design, cable trench, road etc. shall be accordance
with Section 10: Volume 2, Schedule A: Volume 3 & Tender drawings.
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= Qutdoor equipment supporting structure shall be accordance with Section 11:
Volume 2, Schedule A: Volume 3 & Tender drawings.

1.3.16 Earthing & Lightning Protection:
1.3.16.1 The contactor shall provide design, drawings & calculations listed below:

Direct Stroke Lightning Protection Layout & Calculation

Earthing System Design & Layout

Earthing System Installation Philosophy

Earth Resistivity Calculation Methodology

Earthing Materials GA & GTP.

e GTP, BoQ and component manuals and other documents as required by this
specification.

1.3.16.2 Detail information & criteria for design, drawing, calculation of earthing system and
lightning protection shall be in accordance with Section 7: Volume 2, Schedule A: Volume 3 &
Tender drawings

1.3.17 DC System Design
1.3.17.1 The contactor shall provide design, drawings & calculations listed below:

DC System (110 V & 48 V) Scheme & SLD.

GA & GTP of DCDB.

GA & GTP of Battery & Charger.

Battery & Charger Sizing Calculation.

GA, GTP & Scheme of UPS.
GTP, BoQ and component manuals and other documents as required by this
specification.

1.3.17.2 Detail information & criteria for design, drawing, calculation of DC system shall be in accordance
with Section 8: Volume 2, Section 1.1.5: Volume 2, Schedule A: Volume 3 & Tender drawings.

1.3.18 LVAC System Design
1.3.18.1 The contactor shall provide design, drawings & calculations listed below:

LVAC system Scheme & SLD.
LV Cable Sizing Calculation
LV Power Cable Schedule for AC & DC System for Substation
Lighting Layout with Power Distribution Scheme for Buildings & Switchyard.
e Auxiliary Transformer Sizing Calculation
e GTP, BoQ and component manuals and other documents as required by this
specification.

1.3.18.2 Detail information & criteria for design, drawing, calculation of LVAC system shall be in
accordance with Section 9: Volume 2, Section 13: Volume 2, Section 6: Volume 2, section 1.1.6:
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Volume 2, Schedule A: Volume 3 & Tender drawings.

1.3.19 HVAC System Design [Not Applicable]
1.3.19.1 The contactor shall provide design, drawings & calculations listed below:

e Air-conditioning system for Switchyard Panel Room and Control Room.
e GTP, BoQ and component manuals and other documents as required by this
specification.

1.3.19.2 Detail information & criteria for design, drawing, calculation of HVAC system shall be in
accordance with Section 13: Volume 2, Schedule A: Volume 3 & Tender drawings.

1.3.20 Non-Major Items design:
1.3.20.1 All other no-major items shall be designed in line with relevant sections of this specification.
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2. Technical Specifications

2.1 Ancillary Mechanical and Electrical Apparatus

2.1.1 Scope

This section of the technical specifications describes the general requirements for mechanical
and electrical designs of all the plant being supplied under the contract, electrical aspects being
covered in another Section of the Specification. It shall be read in conjunction with the General
Conditions, Drawings, the Schedules and other sections of these technical specifications
covering particular aspects of the plant. In the event of conflict between the general and special
contract requirements, the latter shall take precedence.

2.2 References
2.2.1 ISO Standards

ISO 68 General Purpose Screw Threads

ISO 261 General Purpose Metric Screw Threads

ISO 262 Selected sizes for screws, bolts & nuts

ISO 272 Fasteners-hexagon products-widths across flats

ISO 274 Copper tubes of circular section.

ISO 448 Gas cylinders for industrial use-marking.

ISO 885 General purpose bolts and screws-metric series

ISO 888 Bolts, screws and studs-nominal lengths, and thread lengths
ISO965/1,2,3 General purpose Metric screw threads

ISO 4759-1 Tolerances for fasteners

ISO 9000 Quality management and quality assurance standards
ISO 9001 Quality management systems-Requirements

2.2.2 |EC Standards

60034 Rotating Electrical Machines

60038 IEC Standard Voltage

61869-1 Instrument transformers-Part 1: General Requirements

61869-2 Instrument transformers-Part 2: Additional Requirements for Current
transformers

61869-3 Instrument transformers-Part 3: Additional Requirements for Voltage
transformers

61869-5 Instrument transformers-Part 5: Additional Requirements for Capacitive
Voltage transformers

60051 Direct acting indicating analogue electrical measuring instruments and
their accessories

60055 Paper insulated metal sheathed cables up to 15/ 30 kV
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60059 IEC Standard Current ratings

60072 Dimensions and output series for rotating electrical machines

60073 Coding of indicating devices and actuators by colours

60079 Electrical apparatus for explosive gas atmospheres

60085 Thermal evaluation and classification of electrical insulation

60137 Bushings for alternating voltages above 1000 V

60168 Tests on indoor and outdoor post insulators of ceramic material

60228 Conductors of insulated cables

60228 A first supplement. Guide to dimensional limits of circular conductors

62155 Tests on hollow insulators for use in electrical equipment

60269 Low voltage fuses

60273 Characteristics of indoor & outdoor post insulators above 1000 V

60282 High voltage fuses

60296 Specification for unused mineral insulating oils for transformers &
switchgear

60305 Characteristics of string insulator units of the cap & pin type

60332 Tests on electrical cables under fire conditions

60364 Electrical installations of buildings

60376 Specification and acceptance of new sulphur hexafluoride

60383 Insulators for overhead lines above 1000 V

60417 Graphical symbols for use on equipment

60423 Conduits for electrical purposes

60433 Characteristics of string insulator units of the long rod type

60437 Radio interference test on high voltage insulators

60439 Low voltage switchgear and control gear assemblies

60455 Solventless polymersable resinous compounds used for electrical
insulation

60502 Extruded solid dielectric insulated power cables from 1-30 kV

62052 Electricity metering equipment

60529 Degrees of protection provided by enclosures (IP Codes)

60587 Test methods for evaluating resistance to tracking

60614 Conduits for electrical installations-Specification

60621 Electrical installations for outdoor sites under heavy conditions

60644 Specification for high-voltage fuse links for motor circuit applications

60660 Tests on indoor post insulators of organic mats. between 1-300 kV

60672 Specification for ceramic & glass insulating mats.

60898 Circuit Breakers for overcurrent protection for households etc.

60947-1 Low-voltage switchgear and controlgear-Part 1. General rules

60947-2 Low-voltage switchgear and controlgear-Part 2: Circuit breakers

60947-3 Low-voltage switchgear and controlgear-Part 3:  Switches,
disconnectors, switch-disconnectors and fuse-combination units

60947-5-1 Low-voltage switchgear and controlgear-Part 5-1: Control circuit
devices and witching elements

60981 Extra heavy duty steel conduits for electrical installations

61035 Specification for condulit fittings for electrical installations

61084 Cable trunking & ducting systems for electrical installations

62271-1 High-voltage switchgear & controlgear-Part 1. Common specifications

62271-100 High-voltage switchgear & controlgear-Part 100: High-voltage
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alternating-current circuit breakers

62271-102 High-voltage switchgear & controlgear-Part 102: Alternating current
disconnectors and earthing switches

62271-105 High-voltage switchgear & controlgear-Part 105: Alternating current
switch-fuse combinations

62271-108 High-voltage switchgear and controlgear - Part 108: High-voltage
alternating current disconnecting circuit-breakers for rated voltages of
72.5 kV and above.

62271-200 AC metal-enclosed switchgear & control gear for 1 kV and above

62271-203 Gas-insulated metal-enclosed switchgear for rated voltages of 52 kV
and above

62271-209 Cable connections for gas-insulated metal-enclosed switchgear for
rated voltages of 52 kV and above

2.2.3  British Standards

BS EN 10250-2

Specification for Carbon steel forgings

BS 182

Specification for galvanised line wire for telephone & telegraphic
purposes

BS EN 10244-2

Specification for testing zinc coatings on steel wire

BS 499 Welding terms & Symbols

BS 709 Method & testing fusion welded joints

BS 729 Specification for hot dip galvanised coatings on iron & steel articles

BS 970 Specification for wrought steels for mechanical & allied Engineering

BS EN 12540 Specification for electroplate coatings of nickel and chromium

BS1710 Specification for identification of pipelines & services

BS EN 837-1 Specification for Bordon tube pressure and vacuum gauges

BS 1858 Specification for bitumen based filling compounds

BS EN 60068-218 | Environmental Testing

BS 2569 Pt 2 Protection of iron & steel against corrosion at elevated temperature

BS EN 1435 Radiographic examination of fusion welded butt joints in steel

BS 2765 Specification for dimensions of temperature detecting elements

BS 2910 Radiographic examination of fusion welded circumferential butt joints

BS 3858 Specification for sleeves for electric cables & wires

BS 3923 Pt 1 Methods of examination of fused welds and butt joints & Pt 2

BS 4211 Specification for ladders for permanent access to chimneys, other high
structures, silos and bins

BS4395-1-2 Specification for High Strength Grip Bolts

BS 4479 Recommendations for coatings. Pts 1-9

BS EN 1412 Industrial type flooring, walkways and stair treads

BS 4604 Pt 1-2

Spec for high strength friction bolts

BS EN 10250-3

Spec for alloy steel forgings.

BS 4800 Schedule of Paint Colours for building

BS 4675 Pt 2 Mechanical vibration of rotating and reciprocating machinery

BS 4872 Pt 1 Fusion welding of steel

BS 5395-3 Code of Practice for the design of industrial type stairs, permanent
ladders etc.

BS 5493 Code of practice for protective coating of iron & steel structures against
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corrosion
BS EN ISO 9934 Method for penetrant flaw detection
BS EN 50262 Specification for metallic cable glands
BS 6121-2 Specification for polymeric cable glands
BS 6121-3 Specification for special corrosion resistant cable glands
BS 6180 Code of Practice for barriers in and about buildings
BS 6231 Specification for PVC insulated cables for switch & control wiring
BS EN 571-1 Method of penetrant flaw detection.
BS 7079 Preparation of steel substrates before application of paints

2.2.4 BS European Standards

BS EN 287 Approval testing of welders for fusion welding-1 &-2

BS EN 288 1-8 Specification & Approval of welding procedures

2.2.5 Definition of Terms
The definition of terms shall be as set out in the General Conditions of Contract.

2.2.6 Statutory Regulations

The Works and all equipment and materials forming part of this Contract shall comply in all
respects with any relevant statutory regulations, by-laws or orders currently in force in
Bangladesh.

2.2.7 Design Standards and Codes: General Compliance with International Standards and
Codes

The Contract Works shall comply with the relevant standards as specified. Provided there is no

conflict with the standards, and unless otherwise stated, all parts of the Works shall comply with

the relevant international standards and design codes. Where suitable international standards

do not exist, internationally accepted national standards or other approved standards shall

apply.

2.2.8 Standards Named in Specification

Although the Works shall generally comply with international standards, any instruction in this
specification that a particular aspect of the Works shall comply with a named code or standard
which shall take precedence and that particular aspect of the works shall comply with the
named code or standard.

2.2.9 Hierarchy of Standards
In the event of any conflict in standards, the hierarchy of standards shall be as follows, with the
standards occurring first in the list taking precedence over any standards later in the list:

1.  Statutory regulations of Bangladesh
2. Standards named in the specification
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3.  Other international standards
4. Other standards approved by the Engineer

Where equipment is specified to a particular standard, the Contractor may supply equipment of
an equivalent standard, if approved by the Engineer.

2.2.10 Substitution of Standards and Design Codes

The Contractor may offer works that comply with international standards, or internationally
recognised national codes or standards, which differ from those specified. However the
Contractor may offer works, which comply with the different standards or codes, only if, when
requested by the Engineer, he is able to demonstrate to the Engineer's satisfaction that the
Works offered are equal or superior to that which would have resulted had the specified code or
standard been used. This substitution of codes or standards for those specified will only be
acceptable if the manufacturing organisation in question has extensive experience with the
alternative code or standard offered.

Any Contractor offering contract works or part of those works to standards and codes that differ
from those specified shall declare the fact to the Engineer. If requested to do so by the
Engineer, the Contractor shall supply to the Engineer, at his own cost, with two copies in
English of the relevant code or standard which he proposes to substitute for that specified.

2.3  Erection Marks

2.3.1 All members comprising multipart assemblies, e.g., towers, steel frameworks, piping
installations, etc., shall be marked with distinguishing numbers and/or letters
corresponding to those on the approved drawings or material lists. These erection
marks, if impressed, must be completed before painting or galvanising, shall be clearly
readable afterwards.

2.3.2 Colour banding to an approved code shall be employed to identify members of similar
shape or type but of differing strengths or grades.

2.4 Cleaning and Painting

2.4.1 General

2.4.1.1 Following award of the Contract, the Contractor shall submit the name of the proposed paint
supplier and applicator, together with a quality assurance programme, for approval. All paints for
the outdoor equipment on the Contract shall be provided by one Manufacturer and preferably
shall be manufactured in one country to ensure compatibility. All painting of outdoor equipment
shall be carried out strictly in accordance with the paint system Manufacturer's
recommendations and the application shall be checked and approved, in writing, by an
authorised representative of the paint Manufacturer.

2.4.1.2 The painting of the plant shall be carried out in accordance with the appropriate schedule later
in this section. The work is generally covered by the schedules but where particular items are
not referred to specifically, they shall be treated in a manner similar to other comparable items
as agreed with the Engineer.
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The Contractor shall ensure that precautions are taken in packing and crating, to avoid damage
to the protective treatment during transportation to the site. Any damage to paintwork that
occurs during transport shall be made good at site.

The schedules indicate standards of surface preparation and painting which are intended to give
a minimum life of 10 years in a severe environment, with need for only minor remedial work in
that period.

Steel sections and plate shall be free from surface flaws and laminations prior to blast cleaning
and shall not be in worse condition than 1SO 8501-01.

Where paint coatings are proposed for the protection of surfaces of equipment exposed to
corrosive conditions, such as plant items exposed to brine or sea water, or immersion in liquids
or wet gases, the coatings shall be formulated to be suitably corrosion resistant and shall be
high voltage spark tested at works and at Site prior to commissioning. The test procedure shall
be based on the use of a high voltage direct current. The voltage used shall be 75% of the
breakdown voltage of the coating. This breakdown voltage shall first be separately determined
using test plates coated with the specified coating formulation and thickness. The coating on the
test plate shall also be micro-sectioned by the applicator to show that it is free from vacuoles
and other defects likely to invalidate the test procedure.

If the defects revealed by the above test procedure do not exceed one per 5 m? of coating
surface, the coating need not be re-tested after the defects have been repaired. If the defects
exceed one per 5 m2 of coating surface, the repairs shall be re-tested after any curing is
complete, and this procedure shall be repeated until the defects are less than one per 5 m2 of
coating surface. After repair of these defects, the equipment can be placed in service without
further testing.

All coatings proposed for the internal protection of domestic water storage tanks and
desalination plants shall be certified as suitable for use in potable water installations by an
approved independent authority and shall meet the non-tainting requirements of BS 3416.

The Engineer will consider alternative paint schemes to meet the requirements of fabrication
using modern automated materials handling systems, provided that the Contractor is able to
demonstrate that they offer the same standards of surface protection and service life as those
intended by the Schedules.

2.4.1.10 All paints shall be applied by brush or spray in accordance with the schedule, except for priming

coats for steel floors, galleries and stairways where dipping will be permitted.
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2.4.1.11 Where paint is to be applied by spray, the applicator shall demonstrate that the spray technique
employed does not produce paint films containing vacuoles.

2.4.1.12 All planished and bright parts shall be coated with grease, oil or other approved rust
preventative before dispatch and during erection and this coating shall be cleaned off and the
parts polished before being handed over.

2.4.1.13 Where lapped or butted joints from part of an assembly that is assembled or part assembled
prior to final painting, the jointed surfaces shall be cleaned free from all scales, loose rust, dirt
and grease and given one brush-applied coat of zinc phosphate primer before assembly.

2.4.1.14 Paint shall not be applied to surfaces which are superficially or structurally damp and
condensation must be absent before the application of each coat. Painting shall not be carried
out under adverse weather conditions, such as low temperature (below 4°C) or above 90 %
relative humidity or during rain or fog, or when the surfaces are less than 3°C above dew point,
except to the approval of the Engineer or his duly appointed representative.

2.4.1.15 Priming coats of paint shall not be applied until the surfaces have been inspected and
preparatory work has been approved by the Engineer or his duly appointed representative. No
consecutive coats of paints, except in the case of white, shall be of the same shade. Thinners
shall not be used except with the written agreement of the Engineer.

2.4.1.16 On sheltered or unventilated horizontal surfaces on which dew may linger, more protection will
be needed and to achieve this, an additional top coat of paint shall be applied.

2.4.1.17 The schedules differentiate between "Treatment at Factory" and "Treatment at Site after
Completion of Erection" but the locations at which different stages of the treatments are carried
out may be modified, always providing that each change is specifically agreed to by the
Engineer and the painting is finished or made good at Site to the Engineer's satisfaction.

2.4.1.18 The schedules also refer to "Indoor" and "Outdoor" locations. In this context the interiors of all
buildings without air conditioning or forced ventilation shall be treated as "Outdoor".

2.4.1.19 All paint film thicknesses given are minima and refer to the dry film condition. All thicknesses
shall be determined by the correct use of approved commercial paint film thickness measuring
meters.

2.4.1.20 All outdoor painting shall be checked prior to issue of the final certificate and no visible corrosion
or spotting shall be present. Slight loss of gloss may acceptable. In the event of visible corrosion
being present, the Employer will retain the right to withhold such an amount from the Contractor
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as may be necessary to repaint the entire exterior part of the works.

2.4.1.21 The painting requirements shall be interpreted in accordance with the requirements and
recommendations of the Standards and Codes of Practice referred to and the paint
Manufacturer's special instructions where applicable, colours being in accordance with BS 1710

and BS 4800, or equivalent material standards.

2.4.2

Schedules for Indoor Surfaces Finishes

Treatment at Factory

Treatment at Site after Completion of Erection

General

(a) Structural and supporting steelwork, plant items above ground, tank external surfaces.
All not above 95°C (or 65°C for chlorinated rubber finishes).

Blast clean to BS 7079 2nd quality (SA 2.5) profile
amplitude 40-75 microns.

Then apply within 4 hours one coat (13 microns)
weld able holding primer for 12 months x match
protection.

After fabrication is complete dress all welds,
thoroughly clean to remove corrosion products,
oil, grease and dirt and apply one coat (50
microns) of two pack epoxy zinc phosphate primer
followed by two coats two pack epoxy micaceous
iron oxide (250 microns total).

Thoroughly clean to remove oil, grease and dirt.

Paint coats to be touched up where necessary.

Then apply one tie coat to finish (30 microns)
and one coat alkyd gloss (25 microns)

(b) Steel floors, chequer plates, galleries, stairways

treads, Kick stops.

Galvanise to BS 729

Thoroughly clean to remove oil, grease and dirt.

Where galvanising is damaged, wire brush to BS

7079 3rd quality (SA2) and apply 1 coat zinc rich

epoxy primer (50 microns).Then apply:

1st coat of etch primer

2nd coat epoxy zinc chromate

3rd coat 2-pack epoxy micaceous iron oxide (50
microns).

On galleries and stairwaystop surfaces apply:

4th coat non-skid epoxy deck paint (30 microns).

(c) Galvanised iron and steel requiring paint finish

Galvanise to BS 729

Thoroughly clean to remove oil, grease and
dirt. Then apply:

1st coat of etch primer

2nd coat of zinc chromate primer (30 microns)
3rd coat alkyd undercoat (30 microns)

4th coat alkyd gloss (25 microns).
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Treatment at Factory

Treatment at Site after Completion of Erection

(d) Stainless steel, aluminium alloys and non-ferrou

s alloys requiring paint finish.

Not Applicable

Thoroughly clean to remove oil, grease and dirt.
Then apply:

1st coat alkyd undercoat (30 microns)

2nd coat alkyd gloss (25 microns).

(e) Bitumen dipped items

Bitumen dipped.

Thoroughly clean to remove oil, grease and

dirt. Then apply:

1st coat general purpose aluminium paint (18
microns)

2nd coat alkyd undercoat (30 microns)

3rd coat alkyd gloss (25 microns).

Battery Rooms (open top batteries), Chlorination Plant Rooms, Electrolytic Cell Rooms

(a) Steelwork

Blast clean to 2nd quality BS 7079 (SA2.5) profile
amplitude 40-75 microns

Thoroughly clean to remove oil, grease and dirt.
Priming coat to be touched up where necessary.

Then apply:

1st coat chlorinated rubber primer to
Manufacturer's instructions

2nd coat high build chlorinated rubber (80
microns)

3rd coat high build chlorinated rubber (80
microns).

Bright Parts

Coat with a mixture of oil, grease or approved
proprietary inhibitor.

Clean and polish
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Treatment at Factory Treatment at Site after Completion of Erection

Instrument Panels, Relay Panels, Control Panels, 400V A.C. Boards, 110V D.C. Boards, Telemetry
Marshalling Kiosks, Lighting and Small Power Distribution Boxes, Battery Charger Cubicles, Metal
Clad Switchgear

Acid pickle or blast clean to 1st quality BS 7079. | Touch up if necessary and burnish
Then apply:

1st coat zinc chromate primer (30 microns)
Stop and fill. Then apply:

2nd coat alkyd undercoat (30 microns).

Rub down with fine abrasive paper. Then apply
3rd coat alkyd undercoat (30 microns)

Rub down with fine abrasive paper. Then apply:
4th coat alkyd matt (25 microns)

5th coat alkyd matt (25 microns)

6th coat alkyd matt (25 microns)

Total film thickness (125 microns).

2.4.3 Schedules for Outdoor Surfaces Finishes

Treatment at Factory Treatment at Site after Completion of Erection

General

(a) Structural and supporting steelwork, plant items above ground, tank external surfaces.
All not above 95°C (or 65°C for chlorinated rubber finishes).

Blast-clean to BS 7079 2nd quality (SA2.5) profile | Thoroughly clean to remove oil, grease and dirt.
amplitude 40-75 microns. Paint coats to be touched up where necessary.
Then apply within 4 hours one coat (13 microns) | Then apply one tie coat to match finish (30
weld able holding primer for 6 months protection | microns) and one coat alkyd gloss (25 microns)
or (25 microns) weldable holding primer for 12
months protection.

After the protection period, thoroughly clean to
remove oil, grease and dirt and apply one coat (50
microns) of two pack epoxy zinc phosphate primer
followed by two coats two pack epoxy micaceous
iron oxide (250 microns total).

(b) Steel floors, chequer plates, galleries, stairways, treads, kick stops

Galvanised to BS 729 Thoroughly clean to remove oil, grease and dirt.

Where galvanising is damaged, wire brush to BS

7079 3rd quality (SA2) and apply one coat zinc

rich epoxy primer (50 microns). Then apply:

1st coat epoxy etch primer

2nd coat epoxy zinc chromate (30microns)

3rd coat two pack epoxy micaceous iron oxide
(100 microns)
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Treatment at Factory Treatment at Site after Completion of Erection

On galleries and stairways top surfaces apply:
4th coat non-skid epoxy deck paint (30 microns).

(c) Galvanised iron and steel requiring paint finish

Galvanised to BS 729 Thoroughly clean to remove oil, grease and dirt.
Then apply:

1st coat etch primer

2nd coatzinc chromate primer (30microns)

3rd coat alkyd undercoat (30 microns)

4th coat alkyd gloss (25 microns).

(d) Stainless steel, aluminium alloys and non-ferrous alloys requiring paint finish

Not applicable. Thoroughly clean to remove oil, grease and dirt.
Then apply:

1st coat alkyd undercoat (30 microns)

2nd coat alkyd gloss (25 microns).

(e) Bitumen dipped items

Bitumen dipped. Thoroughly clean to remove oil, grease and dirt.
Then apply:

1st coat general purpose aluminium paint (18
microns)

2nd coat alkyd undercoat (30 microns)
3rd coat alkyd gloss (25 microns)

Bright Parts

Coat with a mixture of oil, grease or approved |Clean and polish
proprietary inhibitor.

Instrument Panels, Control Panels, Marshalling Kiosks, Lighting and Small Power Distribution Boxes
and Junction Boxes etc.

Blast clean, prime, undercoat and paint in|Clean and touch up as necessary
accordance with the painting schedule for
structural and supporting steelwork, with finish
coat of paint applied at Manufacturer's works

Water and Oil Storage Tanks-Internal Surfaces

The epoxy paint formulation shall be to the
approval of the Engineer.

The finished coating shall be capable of being
tested with a high voltages spark tester for
absence of pinholes and porosity.

For oil storage tanks, solvent-free epoxy paint
formulation shall be used.

For tanks delivered to site in plate sections, the | Welded Construction at Site.
plates shall be blast cleaned to BS 7079 1st|After erection all welds shall be dressed to
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Treatment at Factory

Treatment at Site after Completion of Erection

quality (SA3) profile amplitude 40-75 microns and
then within 4 hours coat with a weldable holding
primer dry film thickness 25 microns

remove rough edges and burrs and all sharp

edges shall be radiused 3 mm

Prior to painting, all surfaces shall be sweep

blast cleaned to a sound surface free from rust

and debris.

Then apply within 4 hours:

1st coat Isocyanate or amine cured epoxy primer
25 microns

2nd coat Isocyanate or amine cured high build
epoxy (125 microns)

3rd coat Isocyanate or amine cured high build
epoxy (125 microns).

Sectional Construction:

Prior to assembly, all component items to be blast

cleaned to BS 7079 1st quality (SA3) profile

amplitude 40-75 microns. Then apply:

1st coat Isocyanate or amine cured epoxy primer
(25 microns).

After assembly, clean all surfaces free from rust,

grease and dirt. Priming coat to be touched up as

necessary. Then apply:

2nd coat Isocyanate or amine cured high build
epoxy (125 microns)

3rd coat Isocyanate or amine cured high build
epoxy (125 microns).

Sectional Construction:
Touch up damaged areas as necessary.

Radiators

Radiators shall be thoroughly cleaned and treated
externally by phosphating or other approved rust
inhibiting process and given, preferably by flood
painting, the same number and type of coats
specified in General Sub-Clause of this Clause.

Radiators that are hot dip galvanised to BS.729,
Part 1, shall be artificially weathered and given
one coat of zinc chromate primer followed by the
same number and type of paint coatings specified
in Clause.

Radiators shall be painted with Munsell colour No.
5Y 7/1.
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Rating Plates, Nameplates and Labels

General

The Contractor shall supply and install all labels, name, rating, instruction and warning plates
necessary for the identification and safe operation of the Works. Samples shall be submitted for
the approval of the Engineer.

Nameplates or labels shall be of non-hygroscopic, non-deteriorating and non-warping material
with engraved lettering of a contrasting colour or, in the case of indoor circuit breakers, starters,
etc., white plastic material with black lettering engraved thereon.

Items of plant such as valves, mounted outdoors or subject to harsh operating conditions, shall
be provided with engraved chromium plated brass or stainless steel nameplates or labels with
engraving filled with black enamel.

All the above labels and plates shall be securely fixed to items of plant and equipment with
stainless steel rivets, plated self-tapping screws or other approved means. The use of
adhesives will not be permitted.

Individual plant items and all relevant areas within the contract works where a danger to
personnel exists shall be provided with plentiful, prominent and clear warning notices.

These warning notices shall draw attention to the danger or risk with words in the language
specified which attract attention and summarise the type of risk or danger. The notices shall
also carry a large symbol that graphically depicts the type of risk.

All equipment within panels and desks shall be individually identified.

Items of plant, such as valves, which are subject to handling, shall be provided with nameplates
with permanent inscriptions thereon.

Rating Plates

Each main and auxiliary item of plant shall have attached to it in a conspicuous position, a rating
plate upon which shall be engraved all appropriate technical data and any identifying name,
type or serial number, and the requirements of the Standard specific to the item of plant. In
addition, the Engineer may require including details of the loading conditions under which the
item of plant in question has been designed to operate, such as the short-time rating of
switchgear.

2.5.3

Circuit Labels
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Each main item of plant shall be provided with an identification plate. The inscriptions shall be
approved by the Engineer.

In addition, the device number allocated by the Engineer to each item of plant shall be displayed
in text height 30 mm on all operating mechanisms and 60 mm or larger in height on principal
items of Plant, e.g. busbars, transformers etc. The same device number shall be displayed on
control cubicles in text height 10 mm or larger as may be required by the Engineer.

Pipe Service ldentification

A colour-banding scheme shall be used to identify pipework included within this Contract. The
colours employed shall be in accordance with the painting specification herein. Colour bands
shall be painted on each side of all valves and items of equipment in the piping systems. The
use of adhesive-backed colour bands is not permitted.

Valve labels shall be circular and fitted under the hand-wheel captive nut. For check valves and
small valves, the Contractor may provide rectangular labels fitted to the valve or secured close
by the valve.

The inscription or "name" on each valve label shall summarise the duty of the valve, and the
number shown on each valve label shall be the number in the unified plant valve-numbering
scheme.

Where the direction of flow through a valve or other device is an important requirement for
correct functioning, the body of the valve or device shall be legibly marked with a cast on or a
properly secured arrow, showing the direction of flow. Pipework shall be provided with plentiful
large painted arrows or other secure and durable arrow markings to allow the flows of fluids
around the plant to be readily understood.

Environmental Protection & Topicalization
General
All equipment shall be designed to operate in the environmental conditions specified.

Outdoor equipment shall be designed so that water cannot collect at any point. The undersides
of all tanks shall be ventilated in an approved manner to prevent corrosion.

Where applicable, equipment should tolerate the effects of freezing and air pollution.

Outdoor plant shall be rated and constructed so that its performance, operation, reliability,
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maintenance and or life shall meet the specified design and operating conditions.

Where personnel have to be in attendance frequently, or maintenance has to be regularly
carried out, permanent means weather protection or sunshades shall be provided.

Where the performance, reliability or life of the plant would be adversely affected by solar
radiation, including the effects of prolonged exposure to ultra violet light, suitable sunshades
shall be provided. Such sunshades shall be constructed from materials that are able to
withstand the effects of the ambient conditions on site without suffering any deterioration in
material strength or effectiveness.

Sunshades need not be provided on outdoor plant or equipment provided the Manufacturer
could satisfy the Engineer that the materials employed will not be adversely affected or the
temperature rise due to internal heat generation plus that due to solar radiation will not exceed
the equipment design temperature. However equipment requiring manual operation shall be
provided with sunshades to ensure that surface temperatures will not exceed 50°C.

Sunshades shall protect plant and personnel when the sun is more than 45°C above the
horizon. They shall not impede the operation or maintenance of the plant or the movement of
ventilating air and shall include adequate artificial light as necessary.

Facilities such as lighting, lifting beams and rainwater drainage shall be provided wherever
necessary to the approval of the Engineer as an integral part of the sunshade structure.

Tropicalisation

In choosing materials and their finishes, due regard shall be given to the humid tropical
conditions under which equipment shall work, and good proven practices shall be followed
unless otherwise approved by the Engineer. Some relaxation of the following provisions may be
permitted where equipment is hermetically sealed but it is preferred that tropical grade materials
should be used wherever possible:

Metals:

Iron and steel are generally to be painted or galvanised as appropriate.
Indoor parts may alternatively have chromium or copper-nickel plating or
other approved protective finish. Small iron and steel parts (other than
stainless steel) of all instruments and electrical equipment, the cores of
electromagnets and the metal parts of relays and mechanisms shall be
treated in an approved manner to prevent rusting.

Screws,nuts, The use of iron and steel shall be avoided in instruments and electrical
springs, etc. | relays wherever possible. Steel screws shall be zinc, cadmium or

chromium plated, or when plating is not possible owing to tolerance
limitations, shall be of corrosion-resisting steel. Instrument screws (except
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those forming part of a magnetic circuit) shall be of brass or bronze.
Springs shall be of non-rusting material, e.g., phosphor bronze or nickel
silver, as far as possible.

Rubbers: Neoprene and similar synthetic compounds, not subject to deterioration

due to the climatic conditions, shall be used for gaskets, sealing rings,
diaphragms, etc.

2.7
2.7.1
2.7.1.1

2.7.1.2

2.7.1.3

2714

2.7.1.5

2.7.2
2721

2.7.2.2

Platforms, Stairways, Ladders and Hand-Railing

General

The Contractor shall provide all platforms, galleries, stairways and ladders necessary to give
access to the various sections of the plant being supplied under this contract. They shall provide
adequate means of access for all operation, inspection and overhaul purposes and shall be of
sufficient strength to support workers, tools and portions of plant that may be placed on them
during overhaul and inspection periods.

Galleries, platforms and stairways shall be designed generally for a load of 7.5 kN/m2 but where
loads in excess of this are likely to be imposed during operation or maintenance, the Contractor
shall make due allowance for the increased loads in the design. Particular care shall be given to
their rigidity. All the necessary supports from the floors, buildings and foundations shall be
supplied under this contract.

Galleries and platforms around plant subject to significant expansion shall be designed to allow
for such expansion and to provide safe and adequate access for both hot and cold conditions.

Platforms and galleries shall have a minimum width of 850 mm clear passageway and shall be
enclosed by hand railing on both sides. In cases where there is a space not exceeding 200 mm
on one side of a passageway hand-railing need be supplied for one side only but an edging strip
shall be provided on the side without handrail. The minimum headroom on platforms and
galleries shall be 2100 mm.

Ladders will only be permitted where stairways are impractical and access is required for
maintenance. All platforms, stairways, ladders and other access ways, shall comply with the
requirements of BS 5395 Part 3, unless otherwise stated. As far as practical the flooring, stair
treads and handrails shall conform to a uniform pattern throughout the whole of the Contract
Works.

Flooring
The flooring of all platforms, galleries and staircase treads shall consist of an approved type of
galvanised mild steel open grid flooring except in those cases where chequer plate is specified.

Toe plates extending to a height of not less than 100 mm above the platform or gallery level and
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of a thickness of not less than 6 mm shall be supplied. Any opening which it is necessary to cut
in the open grid flooring or chequer plate shall be finished off with an edging strip similar to that
on the floor panels.

The open grid flooring and stair treads shall be from an approved Manufacturer and generally in
accordance with BS 4592. The pattern of open grid flooring and chequer plate shall be uniform
and laid with the pattern in one direction.

Open grid floor panels shall be not less than 25 mm in depth and shall be fitted neatly between
kerbs and clamped with nuts and bolts in such a manner as to permit ready removal or
replacement. The design of the clamps shall be for approval and only minimal protrusion above
the floor level will be permitted.

Where chequer plate is supplied it shall be galvanised mild steel to an approved design. No
chequer plate shall be less than 10 mm thick and all plates shall be secured to the supporting
steel by galvanised countersunk screws of not less than 10 mm nominal size.

Hand-Railing and Protective Barriers
Hand-railing and protective barriers shall be provided wherever necessary to protect operation
or maintenance personnel from hazards, and shall comply with BS 6180.

Double hand railing shall be provided unless otherwise specified. Each length shall be joined by
internal ferrules and all joints shall be neatly finished by the removal of all burrs.

The top rail shall be not less than 30 mm diameter and mounted at a height of not less than
1100 mm from the gallery or platform level. The intermediate rail shall be not less than 25 mm
diameter and mounted at a height of not less than 535 mm from the gallery or platform level.
Handrails for stairways shall have the top rail at a height of not less than 900 mm and lower rail
at not less than 420 mm above the stairway pitch line.

Tubular or solid forged stanchions shall be provided, spaced at a maximum distance of 1750
mm, and to which hand-railing shall be firmly attached.

The stanchions shall be firmly and directly attached to the body of the platform, gallery, stairway
or ladder steelwork by bolting, and when erected shall be vertical. They shall not be attached to
toe-rails.

In designing hand-railing and its supporting stanchions particular attention shall be paid to the
provisions of BS 6180 relating to design loads and to permissible deflections and flexibility.
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Stairways

Where specified, main stairways shall have a minimum stair tread width of 1100 mm; other
stairways shall have a minimum width of 750 mm. Wherever possible, the angle of slope of
stairways shall be standardised. Angles exceeding 42° to the horizontal shall not be used.

No flight of stairs shall have more than 16 risers. Where a stairway requires more than 16 risers,
each flight shall have an approximately equal number of risers and shall be separated by a
landing. Risings shall be between 190 mm and 210 mm, and goings shall be between 220 mm
and 250 mm in width. Minimum headroom shall be 2.3 m.

Fixed Access Ladders

Ladders shall comply with BS 4211. The minimum width of ladders shall be 500 mm and
inclination shall be not less than 70°, and not more than 80° to the horizontal.

2.8
28.11

28.1.2

28.1.3

28.14

2.8.1.5

2.8.1.6

Nuts, Bolts, Studs and Washers

The threads and other details of fasteners shall comply with the relevant 1ISO Standards for
metric series fasteners. Nuts and bolts for pressure parts shall be of the best quality steel. Nuts,
bolts, studs and washers shall be of materials most suitable for the service operating conditions
and designed to ensure the stresses arising in normal operation shall not exceed those
necessary to ensure that the specified plant life is achieved.

Nuts and bolts for incorporation in the plant are preferably to conform to ISO Metric Coarse to
ISO 272. Other sizes or threads are permitted for threaded parts not to be disturbed in normal
use or maintenance. Where the Contract includes nuts and bolts of different standards, then the
tools to be provided in accordance with this Specification shall include spanners, taps, and dies
for these nuts and bolts.

Fitted bolts shall be a driving fit in the reamed holes they occupy, and they shall have the
screwed portion of a diameter such that it will not be damaged in driving and shall be marked in
a conspicuous position to ensure correct assembly at site.

Stud holes in those parts of the plant that are subjected to heat in use shall be adequately
vented.

The threaded portion of any bolt or stud shall not protrude more than 1.5 threads above the
surface of its mating nut.

Where practicable the use of slotted head screws shall be avoided in machinery component
assemblies, hexagon socketed screws being preferred.
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On outdoor equipment all bolts, nuts and washers shall be of non-rusting material where they
are in contact with non-ferrous parts in conductor clamps and fittings and elsewhere where
specifically required by the Engineer.

All washers shall be included under this contract, including locking devices and anti-vibration
arrangements, which shall be subject to the approval of the Engineer. Taper washers shall be
fitted where necessary.

Forgings

The Contractor shall supply a list of all important forgings and draw up material specifications for
each one. Copies of this list and specifications shall be supplied to the Engineer for his use. In
each case the quality and inspection requirements shall be clearly stated.

Wherever possible steel forgings shall be in accordance with the requirements of BS Standards
29, 970 or 4670, the equivalent ISO Standards or agreed national standards.

Test blocks from which mechanical test pieces will be machined shall be cut from forgings at
positions to be agreed by the Engineer. On large and important forgings several test pieces
shall be taken from radial and longitudinal directions.

Forgings shall be free from cracks externally or internally, extensive non-metallic inclusions and
surface defects. The Contractor shall carry out non-destructive testing of forgings during
machining to verify that no unacceptable defects are present.

Repairs by welding or other means shall not be undertaken on forgings at any stage of the
production cycle.

Each forging shall be suitably branded with an identification number that shall be transferred
throughout all final machining stages. The identification number shall be marked on all
documents and test certificates relative to the forging.

Castings
General

2.10.1.1 Test pieces shall be provided from medium and large castings for all necessary material and

chemical tests that are to be witnessed by the Engineer. If required by the Engineer any
castings for rotating or highly stressed parts are to be subjected to non-destructive testing by
approved methods, including radiographic and ultrasonic, the cost of which shall be borne by
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the Contractor.

2.10.1.2 All castings shall be homogeneous and free of shrinkage, pipes, under-sizing, porosity or voids.
"Bum-in" repairs shall not be acceptable and no welding, filling, interlocking or plugging of
defective parts shall be done without the Engineer's approval in writing. All repairs shall be
subjected to non-destructive examination (ultra-sonic, X-rays, gamma-rays) after heat
treatment. Welding repairs to castings that will be in contact with corrosive liquids, such as
seawater or brine, will only be permitted under special circumstances.

2.10.2 Steel Castings

2.10.2.1 The Contractor shall prepare material purchasing specifications for all important castings. Each
document shall indicate fully the quality and inspection requirements for the component casting
covered. Copies of the specifications shall be issued to the Engineer for his use.

2.10.2.2 Castings may be repaired by welding providing the approval of the Engineer be first obtained.
The Contractor shall submit drawings, sketches or photographs showing the location and
principal dimensions of the defect together with the proposed weld repair procedure. The
maximum size of defect for which weld repair will be permitted is:

Maximum length of defect 20 mm
Maximum width of defect 10 mm
Maximum depth of defect no greater than 10% of the wall thickness

2.10.2.3 Only welders who have passed an appropriate qualification test shall be employed on the repair
of castings. All repairs shall be carried out by the metal arc process. Ultrasonic inspection shall
be applied to all important castings to locate the extent of sub-surface defects and to check the
wall thickness.

2.10.2.4 All castings shall be identified by stamped or cast-on reference marks, which shall be entered
on all relevant documents and test certificates. The Engineer may require that certain castings
be examined using radiographic techniques. The Contractor shall include for this eventuality
and shall comply with the Engineer's instructions when issued.

2.10.3 Iron Castings

2.10.3.1 Cast iron shall not be used for any part of equipment which is in tension or which is subjected to
impact, or to a working temperature exceeding 200°C, unless specifically approved by the
Engineer. Nor shall it be used for chambers of oil filled apparatus.

2.10.3.2 Weldable grades of iron castings may be repaired by welding provided the approval of the
Engineer is first obtained. The Contractor shall submit full details of the proposed weld repair
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procedure and weld procedure qualification test prior to making any weld repairs.

2.10.3.3 The maximum size of defect for which weld repair will be permitted is:

Maximum length of defect 20 mm
Maximum width of defect 10 mm
Maximum depth of defect no greater than 10% of the wall thickness.

2.10.3.4 Test blocks shall be integrally cast on all medium and large castings. The Engineer may require
that certain castings be checked using radiographic techniques. The Contractor shall include for
this eventuality and shall comply with the Engineer's instructions when issued.

2.10.4 Aluminium Bronze Castings

2.10.4.1 The Contractor shall prepare material purchasing specifications for all important castings. Each
document shall indicate fully the quality and inspection requirements for the component casting
covered. Copies of the specifications shall be issued to the Engineer for his use.

2.10.4.2 The inspection and quality requirements shall include an analysis of each cast, mechanical
testing of test pieces from each cast, pressure testing, penetrant flaw detection and radiographic
examination of selected critical areas.

2.10.4.3 Weldable grades of aluminium bronze may be repaired by welding, provided the written
approval of the Engineer is first obtained. The Contractor shall submit full details of the
proposed weld repair procedure and weld procedure qualification test prior to making any weld
repairs. The maximum size of defect for which weld repair will be permitted is:

Maximum length of defect 20 mm
Maximum width of defect 10 mm
Maximum depth of defect no greater than 10% of the wall thickness

On completion of repairs, welded areas shall be ground smooth and carefully blended into the
parent material. The repaired areas shall be examined for defects using penetrant flaw detection
and radiography. Crack-like linear defects shall not be permitted.

2.10.5 General Welding Requirements
2.10.5.1 General
All welding shall conform to the relevant British Standards, or other British or National Standard

Specification as agreed by the Engineer. Where there is a conflict between Codes and/or
Standards the Engineer's decision will prevail.

2.10.5.2 General Fabrication
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The Engineer shall be notified at least two days prior to commencement of any assembly or
fabrication work on site. The CO, and flux-cored welding process will not be acceptable for site
welding.

2.10.5.3 Weld Procedure Documents

Complete and fully detailed weld procedure documents shall be kept by the Contractor and
these shall be made available to the Engineer on request. Prior to commencement of welding
the Contractor shall submit to the Engineer for approval the welding procedures to be used in
the fabrication of the relevant sections of work.

The weld procedure documents shall be fully detailed and each shall indicate clearly which item
it is intended to cover. The procedures shall be in accordance with the requirements of BS 499
Part 1, Appendices A-G.

2.10.5.4 Weld Procedure Qualification Tests

Weld procedure gqualification tests shall be carried out in accordance with the requirements of
BS EN 288, or agreed National Standard for the item of plant under consideration. Provided that
the Contractor confirms that the basic parameters of the procedure have not been changed
since approval, the results of weld procedure qualification tests previously carried out under the
supervision of an internationally recognised inspecting authority may be accepted by the
Engineer.

The Contractor shall inform the Engineer of any proposed changes to the welding procedures
before such changes are implemented. If in the opinion of the Engineer a further qualification
test is required as a result of such changes, then the Contractor shall perform the required test
without additional charge.

The results of all tests shall be made available, for examination by the Engineer, if required.

2.10.5.5 Welder's Qualification Tests

All welders and welding operators shall be qualified for the work and shall hold current welders'
gualification certificates in accordance with BS EN 287, BS 4872 or agreed National Standard
for the work.

All welders' tests shall be witnessed and/or approved by the Engineer before the welder or
operator is permitted to work. The decision of the Engineer regarding the acceptability of any
test or existing qualification tests, shall be final.

Records showing the date and results of the qualification tests performed by each welder and
weld operator, together with the identification number assigned to him, shall at all times be
available for scrutiny by the Engineer.
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2.10.5.6 Storage of Welding Consumables

Welding consumables shall be stored in a manner that will protect them from all forms of
deterioration prior to use and shall be properly identified. Gas cylinders for use with burning or
welding equipment shall be marked in accordance with the requirements of BS 349 or 1S0448.
Site storage procedures for gas cylinders will require the approval of the Engineer.

2.10.5.7 Welding Equipment

Any welding equipment that in the opinion of the Engineer is unsuitable or unsatisfactory for the
purpose for which it is being used shall be replaced by the Contractor.

2.10.5.8 Visual Weld Inspection

Each weld shall be subjected to a stringent visual inspection and shall be free from undercut,
excessive spatter, craters, cracks, porosity and other surface imperfections. Welds shall be of
regular contour, even weld ripple and indicative of good workmanship. Fillet welds shall be
checked for dimensional tolerance and form using a fillet weld gauge. Fillet welds should be
slightly concave in form and each leg of the weld shall have equal length.

2.10.5.9 Internal Examination

The internal root bead of tube butt welds shall be examined by intra-scope or other suitable
optical device.

2.10.5.10 Non-destructive Examination

All non-destructive examinations shall be supervised by a fully qualified and experienced
specialist appointed by the Contractor. Individual operators in each of the respective techniques
shall be qualified and trained in the respective subject and shall have reached a standard
comparable with the Certification Scheme of Weldment Inspection Personnel in the United
Kingdom.

Testing shall be in accordance with the requirements of BS 709 "Methods of Testing Fusion
Welded Joints and Weld Metal in Steel" or an agreed National Standard.

2.10.5.11 Ultrasonic Examination

Ultrasonic examination of welds shall be carried out in accordance with BS 3923 Part 1 and Part

2 and any other relevant British Standards or agreed National Standards.

2.10.5.12 Magnetic Crack Detection
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Magnetic crack detection shall be carried out in accordance with BS 6072 or an agreed National
Standard.

2.10.5.13 Dye Penetrant Tests

Dye penetrant tests shall be in accordance with BS 6443 or any other relevant British or agreed
National Standards.

2.10.5.14 Quality Requirements for Welds

All welds subjected to non-destructive tests shall be entirely free from cracks or crack like
defects, lack of root fusion, lack of sidewall fusion, root bum through, or tailed pores. The
standard for porosity and slag inclusions will be as indicated in the agreed standards for design
and welding.

2.10.5.15 Weld Repairs

The Engineer's approval shall be obtained prior to commencement of any repair or rectification
work. Weld repairs shall be made to the same procedure as for the original weld. All tests shall
be repeated after the repair has been completed and reports on radiographic and ultrasonic
tests shall be marked to indicate that the report refers to a repaired weld.

2.10.5.16 Mandatory Inspections

All transition welds between dissimilar materials, such as high alloy steels to carbon steel, or
austenitic steels or non-ferrous materials to steels, shall be subjected to 100% ultrasonic
examination or crack detection wherever practicable. In addition, all butt welds between
dissimilar materials shall be subjected to 100% radiographic examination.

2.10.5.17 Al welds in ferritic alloy steels, e.g. having a carbon equivalent value in excess of 0.40%,
and high vyield-strength steels, e.g. having vyield strength greater than 300 MPa, shall be
subjected to 100% ultrasonic examination and crack detection wherever possible. In addition, all
butt welds in these materials shall be subjected to 100% radiographic examination.

2.10.5.18 A minimum of 10% of all butt welds on all classifications of work shall be radiographically
examined, unless otherwise agreed with the Engineer.

2.11 Galvanised Work

2.11.1 All materials to be galvanised shall be of the full dimensions shown or specified and all
punching, cutting, drilling, screw tapping and the removal of burrs shall be completed
before the galvanising process commences.
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All galvanising shall be done by the hot dip process, not less than 98% of which must
be pure zinc and in accordance with BS 729 or BS 443 as applicable. No alternative
process shall be used without the approval of the Engineer. Bolts shall be completely
galvanised including the threads, but the threads of nuts shall be left uncoated and
shall be oiled. The zinc coating shall be uniform, clean, smooth and as free from
spangle as possible.

Galvanised wire shall comply with the requirements of BS 182 and the thickness of the
coating and testing thereof shall comply with BS 443. Nuts and bolts and small
components shall be tested in accordance with BS 729. The Engineer may select for
test as many components to be weighed after pickling and before and after galvanising
as he may think fit.

Galvanised steel shall be treated after galvanising with Sodium Dichromate solution or
Pretan W20 to prevent formation of white Storagstan. In addition, plastic or other non-
metallic non-hygroscopic spacers shall be used between packed members to facilitate
ventilation of the zinc surface during shipping.

All galvanised parts shall be protected from injury to the zinc coating due to abrasion
during periods of transit, storage and erection. If, in the opinion of the Engineer, the
extent of the damage found on Site to a galvanised part appears to be capable of
repair the Contractor may, after receiving such agreement, attempt to affect a repair by
approved methods. The agreement to attempt the repair shall not bind the Engineer to
accept the repaired part when this is re-offered for inspection.

Should an emergency arise on Site necessitating drilling, cutting or any other process
likely to damage the protective zinc surface, this will be permitted only in extreme
circumstances and with the Engineer's express authority. In such a case, the bared
metal will be coated with an approved zinc rich paint of not less than 92 percent zinc
content.

Chromium Plating

The chromium plating of those components of the Plant where specified and where offered by
the Contractor shall comply with the requirements of BS 1224.

2.12
2.12.1

2.12.2

Pumps

Pumps should be of the centrifugal type unless strong technical or economic reasons
dictate that a positive displacement pump, either rotary or reciprocating, is more
appropriate.

Preventive and routine maintenance time should be minimised by the selection of
appropriate designs of pump, preferably those that leave casing to piping joints intact,
i.e. horizontal split-casing types for large centrifugal pumps and horizontal, back pull-
out types for smaller units. Where a significant saving in floor space or improvement of
layout can be shown, a vertical pump may be acceptable.
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Pumps shall be capable of continuous operation with minimum maintenance.

Pipework

During the contract Engineering, the Contractor shall supply to the Engineer schedules
of the pipework provided under this contract. These schedules shall state, for each
pipework system or part of a pipework system, the design and operating pressures and
temperatures, the fluid transmitted, the piping and valve materials, the types of valves,
any corrosion allowance, the pipework design code, insulation proposals, pipe supports
and any other data relevant to the mechanical design of the pipework system or part of
a pipework system.

All piping shall be routed to provide a neat and economical layout requiring the
minimum number of fittings. Piping shall be arranged so that full access is provided for
the operation and maintenance of equipment and so that removal or replacement of
eguipment can be achieved with the minimum dismantling of piping.

The Contractor is to be responsible for ensuring that the internal surface of each pipe
line is thoroughly clean both during erection and before the pipe line is placed in
commission.

The procedure for internal cleaning of pipes adopted by the Contractor is to include the
following:

Thorough cleaning of all internal surfaces prior to erection to remove accumulations of
dirt, rust, scale etc., and welding slag due to site welding before erection.

Thorough cleaning of all pipework after erection by blowing through to atmosphere to
ensure that no extraneous matter is left in the system.

The Contractor is to provide all necessary facilities for carrying out these requirements.

Pipework shall be supported and anchored in an appropriate manner in accordance
with the provisions of US Standard ANSI B31.1 or the Standard to which the pipework
is designed. The whole of the pipework and accessories included in this Contract are to
be supported and mounted in an approved manner. All necessary slings, saddles,
structural steelwork, foundation bolts, fixing bolts and all other attachments are to be
supplied. The number and positions of all supports and the maximum weight carried by
a support is to be subject to the approval of the Engineer.

Valves

All valves shall be suitable for the service conditions under which they are required to
operate. The design, construction and choice of materials shall take into account all
operational deviations including pressure surge and thermal shock.

All valve hand operating mechanisms shall be easily operable by one man. The
mechanisms shall be such that the total force at the rim of the hand-wheel or other
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point of application of manual action shall not need to exceed 400 N (normally 200 N
pull plus 200 N push) to exercise any valve. Special attention shall be given to the
operating mechanism for large size valves with a view to ensuring that a minimum of
maintenance is required and to obtaining quick and easy operation.

All valves shall be closed by rotating the hand-wheels in a clockwise direction when
looking at the face of the hand-wheel. In cases where the hand-wheel is not directly
attached to the valve spindle suitable gearing shall be introduced to ensure clockwise
closing. The face of each hand-wheel shall be clearly marked "open" and "shut" or
"closed" with arrows indicating the direction of rotation to which they refer.

Plastic valve hand-wheels will not be acceptable, except where such hand-wheels are
in the Employer's best interests. All valve spindles shall be fitted with indicators so that
the valve opening can be readily determined. In the case of valves fitted with extended
spindles, indicators shall be fitted both to the extended spindles and to the valve
spindles.

Valves of 50 mm nominal bore and over are to be provided with indicators showing
when the valve is open or closed.

All valve hand wheels are to be fitted with nameplates complying with this
Specification.

Suitable means are to be provided to protect the operating mechanisms of all valves
against mechanical damage and dust or dirt.

Valves that it will be necessary to lock in the open or closed position are to be provided
with a non-detachable locking arrangement.

Pressure Vessels

All vessels shall be designed, constructed and otherwise comply with appropriate
international or national pressure vessel design codes, unless the vessel in question
falls into one of the following groups:

2.15.1.1 vessels with a water containment capacity of less than 454 litres for the containment of water

under pressure, including those containing air, the compression of which serves only as a
cushion.

2.15.1.2 hot water storage vessels heated by steam or any other indirect means when none of the

following limitations is exceeded:

a heat input of 58kW
a water temperature of 93°C
a nominal water containment capacity of 454 litres.
2.15.1.3 vessels having an internal or external design pressure not exceeding 1.03 bar gauge, this

design pressure being not less than the maximum expected difference that may exist between
the inside and outside of the vessel at any time.
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2.15.1.4 vessels having an internal diameter not exceeding 150 mm.

2.15.1.5 vessels and equipment covered more appropriately by boiler or pipework design codes.

2.15.2 Should any difficulty arise in the decision as to whether a particular vessel shall comply
with a pressure vessel code, the vessel shall be "coded" unless specifically excluded in
clause U- 1 of the US ASME Boiler and Pressure Code, Section VIII, division 1, dealing
with the scope of that code.

2.15.3 Notwithstanding the foregoing exclusions, if it is stated elsewhere in the Specification
that a particular vessel shall comply with a pressure vessel design code, then a vessel
complying with a suitable design code shall be provided.

2.15.4 In respect of the design codes to which "coded" vessels shall comply, attention is
drawn to the provisions of this Specification relating to design codes and standards.

2.16 Lubrication

2.16.1 The Contract is to include for the supply of flushing oil for each lubrication system when
the item of plant is ready for preliminary tests and the first filling of approved lubricants
for the commercial operation of the plant.

2.16.2 A schedule of the oils and other lubricants recommended for all components of the
Contract Works is to be submitted to the Engineer for approval. The number of different
types of lubricants is to be kept to a minimum. Copies of this schedule shall be included
in both the draft and final copies of the operating and maintenance instructions. In the
case of grease lubricated roller type bearings for electric motors a lithium based grease
is preferred.

2.16.3 The Contractor shall supply at least one grease gun equipment for each type of nipple
provided. Where more than one special grease is required, a grease gun for each
special type shall be supplied and permanently labelled.

2.17 Oil Level Indicators

Oil level indicators of approved design are to be fitted to all oil containers such as transformer
tanks etc. The indicators are to show the level at all temperatures likely to be experienced in
service, are to be marked with the normal level at 20°C clearly visible from normal access levels
and are to be easily dismantled for cleaning. In addition, the normal filling level of all removable
containers is to be marked on the inside.

2.18 Pressure Gauges
2.18.1 Pressure gauges are to comply with the requirements of BS 1780.

2.18.2 All pressure gauges are to be fitted with stop cocks immediately adjacent to each
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gauge and all pressure gauge piping is to be fitted with an isolating valve at each point
of connection to the main system. Where pressure gauges are mounted on panels, the
stop cocks are to be suitable for the connection of a test gauge.

Gauges shall be calibrated to read pressure at the tapping point and a sealed pressure
transmitting system shall be used. All pressure gauges are to be clearly identified by
means of labels of approved type and lettering. All pressure gauge piping is to be of
corrosion resistant steel or copper tube.

Thermometer Pockets

Thermometer pockets and instrument connections of an approved pattern are to be
fitted in such positions as may be determined to suit the operation and testing of the
plant to the approval of the Engineer. A thermometer pocket is to be fitted adjacent to
each point of connection for distant remote temperature indication unless specifically
stated to the contrary. Where necessary, the pocket is to be of approved alloy material
suitable for the required service.

All thermometer pockets are to comply with the requirements of BS 2765.

Gauge Cubicles and Panels

Gauges and instruments are to be grouped whenever possible and housed in suitable
cubicles. Where circumstances do not justify cubicle accommodation, they may be
secured to flat back panels but in such cases the approval of the Engineer is first to be
obtained.

Cubicles are to be sheet metal having a thickness of 3 mm. The construction shall
employ folding technique with the use of standard rolled sections or other
reinforcement where necessary. The stiffness shall be such as to prevent mal-
operation of relays or other apparatus by impact. The front of the panel is to have a
smooth well finished surface and, if of the "desk" type, the desk is not to protrude so far
as to hinder the easy reading of instruments and the operation of the controls.

Locking Facilities
Locking facilities including padlocks shall be provided under this contract for:

2.21.1.1 Control position selector switches in all positions provided, except where other electrical or

mechanical interlocking is approved.

2.21.1.2 Marshalling, operating and terminal kiosks or cubicle access doors and panels.

2.21.1.3 Isolating valves in open or closed positions.

2.21.2

Locking facilities shall be of an approved dead latch type. Three keys shall be supplied
for each lock and all locks and keys shall be non-interchangeable. Where a set of locks
is provided under a particular section of the Plant, a group master key shall be supplied
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in addition.

2.21.3 A schedule of locks and keys shall be submitted to the Engineer for approval.
2.21.4 All locks and padlocks shall be of brass and where they are fitted to switchboards or
similar cubicles shall have the visible parts chromium plated.

2.21.5 Where a group of locks is supplied under any part of the Contract, a rack or cabinet of
approved design shall be supplied for the accommodation of all padlocks and/or keys
while not in use. The padlocks and keys shall be engraved with an agreed identifying
code or inscription and this shall be repeated on the racks or cabinets on engraved
labels.

2.21.6 Where a mechanism is to be locked in a specific position, provision shall be made at
that part of the mechanism where the operating power is applied and not to remote or
ancillary linkages.

2.21.7 Provision for locks shall be designed, constructed and located on the equipment so that
locks will remain serviceable in the climatic conditions specified without operation or
maintenance for continuous periods of up to two years and with suitable maintenance
shall be fit for indefinite service.

2.22 Electrical Equipment

2.22.1 General

2.22.1.1 The works shall be designed to ensure continuity of operation under all working conditions
obtaining at the Site as the first consideration and to facilitate inspection, maintenance and
repairs. All reasonable precautions shall be taken in the design of equipment and of the works,
to ensure the safety of personnel concerned with the operation and maintenance of the works.

2.22.1.2 Outdoor equipment shall be designed so that water cannot collect at any point. The undersides
of all tanks shall be ventilated in an approved manner to prevent corrosion.

2.22.1.3 Mechanisms shall be constructed to prevent sticking due to rust and corrosion, and the bearings
of exposed operating shafts shall be designed so as to prevent moisture seeping along shafts
into the interior of equipment.

2.22.1.4 Corresponding parts of similar equipment, and equipment liable to renewal, shall be fully
interchangeable and the Contractor will be required to demonstrate this feature to the
Engineer's and Employer's satisfaction.

2.22.1.5 All equipment shall operate without undue vibration and with the least practical amount of noise.

2.22.1.6 All equipment shall be designed to minimise corona or other electrical discharges, to comply
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with local electromagnetic compatibility (EMC) standards and in accordance with IEC standard
61000.

2.22.1.7 All electrical components shall be adequately rated for their most onerous duty and the specified
ambient temperature. When equipment is mounted in panels, cubicles etc., due account shall
be taken of any heat generated by the equipment therein and the components shall be
appropriately selected, rated or de-rated as necessary to suit the most onerous operating
temperatures within the enclosure.

2.22.1.8 Except where a different meaning is stated in an equipment standard, the term "low voltage"
(LV) shall refer to voltages up to and including 1 kV, and "high voltage" (HV) shall refer to all
voltages exceeding 1 kV.

2.22.1.9 Fuses, circuit breakers and other electrical switchgear components shall comply with the
relevant clauses, for low voltage ac switchgear.

2.22.2 Electrical Equipment Enclosures

2.22.2.1 Equipment enclosures for electrical equipment shall comply with IEC 60079, IEC 60529 and IEC
60947-1 as applicable. Equipment enclosures for use in hazardous areas other than explosive
gas atmosphere shall comply with National and Local Regulations relating to this application.
Unless otherwise specified, minimum equipment enclosure classifications for non-rotating
electrical equipment shall be as follows:

Indoors only in totally enclosed rooms with provision for limiting ingress of dust: IP 31
Indoors, except as noted otherwise: IP 54
Outdoors, and indoors in areas subject to water spray, or heavy condensation:  IP 55W

2.22.2.2 The enclosure classification of main and auxiliary cable boxes with the cable(s) terminated shall
not be less than that of the associated equipment, subject to a minimum classification of IP54.

2.22.3 Current Ratings
2.22.3.1 Normal Current Ratings

2.22.3.2 Current ratings in accordance with IEC 60059 shall be adopted, unless otherwise agreed with
the Engineer.

2.22.3.3 Every current carrying part of the equipment shall be capable of carrying its site rated current
continuously under the site ambient conditions as specified and shall not be rated on the basis
of air conditioned rooms even when these are specified. In no conditions shall the specified
maximum temperature be exceeded.
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2.22.3.4 The current ratings specified are the continuous current ratings required at the Site, under the
specified maximum temperature conditions.

2.22.4 Temperature Rise
2.22.4.1 Full provision shall be made for solar heat gain on all outdoor apparatus and any differential
temperatures attained as a result of the impingement of solar heat.

2.22.4.2 The allowable temperature rise shall be in accordance with the relevant Standard, except where
the ambient temperature exceeds the maximum permitted in that Standard, when the permitted
temperature rise shall be reduced by one degree Celsius for every degree Celsius the maximum
ambient temperature exceeds the maximum permitted in the Standard.

2.22.4.3 To allow for high ambient site temperatures, the allowable temperature rise for transformers
shall be reduced by a maximum of 10°C from the standard value in IEC60076.

2.22.4.4 In such cases where the Contractor is unable to guarantee the permitted maximum temperature
reached under site conditions, taking account of solar heating, then sunshades shall be
provided to the Engineer's approval.

2.22.4.5 The maximum temperature attained by components under the most onerous service conditions
shall not cause damage or deterioration to the equipment or to any associated or adjacent
components. The Contractor shall submit his calculations to the Engineer to prove that all plant
has been sufficiently de-rated to suit the site conditions and any changes required by the
Engineer shall be made at no extra cost.

2.22.5 Short-Time Current Ratings

2.22.5.1 Electrical equipment shall be adequately supported and braced to withstand the forces
associated with the maximum short-circuit currents specified or pertaining, whichever is the
greater, and assuming that the inception of the short-circuit is at such a time that gives
maximum peak currents. No provision for current decrement shall be made unless specifically
permitted by the appropriate Standard, or elsewhere in this Specification.

2.22.5.2 Equipment shall be so constructed as to withstand the specified maximum short-circuit currents
for the time specified in the Schedules without the temperature exceeding the specified
maximum short-time temperature or value stated in the relevant standard, under these
conditions. The equipment shall be considered as being operated at the maximum permitted
continuous temperature prior to inception of the short circuit.
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2.22.5.3 The final temperature attained as a result of the passage of short-circuit current shall not cause

2.22.6

permanent damage, or deterioration sufficient to reduce the normal operating characteristics
below the specified or most onerous operating requirements, whichever is the highest.

Voltage Ratings

2.22.6.1 Normal Voltage Ratings

2.22.6.1.1 Unless otherwise specifically stated, any reference to voltage rating shall be

deemed to refer to the nominal rated voltage or voltages of electrical equipment.
Standard voltage levels in accordance with IEC 60038 shall be adopted, unless
otherwise specified by or agreed with the Engineer.

2.22.6.1.2 All electrical equipment shall, except where otherwise specified, be capable of

continuous operation at a voltage in the range of £10% of the nominal voltage and at
a frequency in the range of 47 to 51 Hz coincidentally without deterioration.

2.22.6.1.3 The temperature rise of electrical equipment continuously operating at the specified

extreme voltage and frequency shall not exceed the temperature rise when
operating at nominal voltage and frequency by more than 5°C

2.22.6.2 Short-Time Voltage Ratings

All electrical equipment shall be so designed such as to withstand abnormal system voltages as
required by the applicable BS, IEC or acceptable International Standard.

2.23
2.23.1

2.23.2

2.23.3

2.23.4

2.23.5

Electrical Insulation

Insulating materials shall be suitably finished so as to prevent deterioration of their
qualities under the specified working conditions. Account shall be taken of the IEC
60085 recommendations.

Ebonite, synthetic resin-bonded laminated material and bituminised asbestos cement-
bonded panels shall be of suitable quality selected from the grades or types in the
appropriate IEC, or approved National Standard.

The insulation of all machine windings, solenoids, etc. other than those immersed in oil
or compound, shall be of Class F materials, unless otherwise specified elsewhere.

All cut or machined surfaces and edges of resin-bonded laminated materials shall be
cleaned and then sealed with an approved varnish as soon as possible after cutting.

Linseed oil and untreated materials of fibre, leatheroid, presspahn, asbestos or other
similar hygroscopic types of materials shall not be used for insulation purposes.
Untreated leatheroid and presspahn may be used for mechanical protection of winding
insulation.
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The use of asbestos is not permitted without the permission of the Engineer.

Wherever practicable, instrument, apparatus and machine coil windings, including wire
wound resistors, with the exception of those immersed in oil or compound, shall be
thoroughly dried in a vacuum or by other approved means and shall then be
immediately impregnated through to the core with an approved insulating varnish.
Varnish with a linseed oil base shall not be used.

No material of a hygroscopic nature shall be used for covering coils. Where inter-
leaving between windings in coils is necessary, only the best manila paper, thoroughly
dried, which permits penetration by the insulating varnish or wax, shall be used.
Polychlorinated Biphenyl (PCB) type materials shall not be used anywhere in the
equipment or in any component.

Insulating Oil

Insulating oil shall comply with the requirements of IEC 60296. Insulating oil shall be provided
by the Contractor for all oil-filled apparatus and 10% excess shall be provided for topping up
purposes in sealed drums. The Contractor shall provide at no additional cost any oil treatment
facilities he may require for his own use in order to ensure that insulating oil meets the
requirements of the specification.

2.25
2.25.1

2.25.2

2.25.3

2.25.4

Control and Selector Switches

Control switches shall be of the three-position type with a spring return action to a
central neutral position and without a locking feature. Circuit breakers shall have
control switches which shall be labelled open/N/close or (0/N/l) and arranged to
operate clockwise when closing the circuit breakers and anti-clockwise when opening
them.

Control switches of the discrepancy type shall be provided where specified. Such
discrepancy control switches shall be arranged in the lines of the mimic diagram. Such
switches shall include lamps and be of the manually operated pattern, spring loaded
such that it is necessary to push and twist the switch past its indicating position for
operation.

The lamp shall be incorporated in the switch base and shall flash whenever the position
of the controlled device is at variance with the position indicated by the control switch.
Hand dressing of the control switch to the correct position shall cause the lamp to
extinguish.

Pushbutton test switches shall be provided along the control panel that will illuminate
all indicating discrepancy lamps as well as spare lamps on the control panels. The
scheme shall be complete with all necessary diodes and other equipment required for
satisfactory operation.
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Switches for other apparatus shall be operated by pushbuttons, shrouded or well
recessed in their housings in such a way as to minimise the risk of inadvertent
operation.

Multi-position selector switches shall have a lockable stayput action. Each position of
the selector switches shall be suitably labelled to signify the functions in accordance
with the approved wiring diagrams. The switch handle shall be of the pistol grip spade
type to the approval of the Engineer.

It shall not be possible at any time to close any switching device from more than one
location simultaneously, and suitable lockable selector switches shall be provided to
meet this requirement. Tripping signals from all locations shall function at all times.

Particular variations of the above requirements may be agreed with the Engineer for
special instrument or control equipment, viz. main control room desks and panels, and
electrical equipment cubicles.

The contacts of all control and selector switches shall be shrouded to minimise the
ingress of dust and accidental contact, and shall be amply rated for voltage and current
for the circuits in which they are used.

Panels, Desks and Cubicles

Unless otherwise specified, panels, desks and cubicles, shall be of floor-mounted and
free-standing construction and be in accordance with the enclosure classification
specified elsewhere. All control and instrumentation panels in any one location shall be
identical in appearance and construction. Where new panels are supplied for existing
substations, these shall match existing panels in appearance, arrangement and
devices and colour finishes.

Panels shall be rigidly constructed from folded sheet steel of 3mm minimum thickness
to support the equipment mounted thereon, above a channel base frame to provide a
toe recess.

Overall height, excluding cable boxes, shall not exceed 2.5m. Operating handles and
locking devices shall be located within the operating limits of 0.95m and 1.8m above
floor level. The minimum height for indicating instruments and meters shall be 1.5m
unless otherwise approved by the Engineer.

Panels shall be mounted on an approved form of anti-vibration mounting whenever
necessary.

All panels, desks and cubicles shall be vermin-proof. All cable entries to equipment
shall be sealed against vermin as soon as possible after installation and connecting-up
of the cables to the approval of the Engineer.

All cubicles, desks and panels shall be provided with a natural air circulation ventilation
system. All control equipment shall be designed to operate without forced ventilation.
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2.26.7 For outdoor equipment, metal to metal joints shall not be permitted and all external
bolts or screws shall be provided with blind tapped holes where a through hole would
permit the ingress of moisture. For harsh environments, all nuts, bolts and washers
shall be tropicalized as appropriate.

2.26.8 Door sealing materials shall be provided suitable for the specified site conditions.
Doors shall be fitted with handles and locks. Where walk-in type panels are supplied
the door shall be capable of being opened from inside the panel without the aid of a
key after they have been locked from the outside. Hinges shall be of the lift-off type,
and shall permit the doors when open, to lie back flat so as not to restrict access.
Means shall be provided for securing the doors in the open position.

2.26.9 Cubicles and cubicle doors shall be rigidly constructed such that, for example, door
mounted emergency trip contacts can be set so that mal-operation will not be possible
due to any vibrations or impacts as may reasonably be expected under normal working
conditions.

2.26.10 The bottom and/or top of all panels shall be sealed by means of removable gasketted
steel gland plates. Gland plates for bottom entry shall be at least 250mm above the
floor of the cubicle.

2.26.11 Panels shall be suitably designed to permit future extension wherever appropriate or
specified.

2.26.12 Each panel shall include rear access doors internal power sockets and door-operated
internal lighting, and be clearly labelled with the circuit title at front and rear, with an
additional label inside the panel. Panel sections accommodating equipment at voltages
higher than 125V (nominal) shall be partitioned off and the voltage clearly labelled.
Each relay and electronic card within panels shall be identified by labels permanently
attached to the panel and adjacent to the equipment concerned. Where instruments
are terminated in a plug and socket type connection both the plug and the socket shall
have permanently attached identifying labels.

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

2.26.14 Terminations, wiring and cabling shall be in accordance with the requirements of this
section of the specification.

2.26.15 For suites of panels inter-panel bus-wiring shall be routed through apertures in the
sides of panels and not via external multicore cabling looped between the panels.

2.26.16 All panels, whether individually mounted or forming part of a suite, shall incorporate a
common internal copper earthing bar onto which all panel earth connections shall be
made.

2.26.17 Suitable studs or holes to the Engineer's approval shall be left at each end of the bar
for connection to the main station earthing system and possible future extension.

2.26.18 Earth connection between adjacent panels shall be achieved by extending the bar
through the panel sides and not by interconnecting external cabling.

2.26.19 Where intrinsically safe circuitry is routed from a hazardous area to a safe area
instrument panel, it shall be connected through Zener Barriers located in the safe area
(instrument panel) of suitable rating and mounted on an insulated earthing busbar
having facilities for connection of a separate dedicated outgoing cable to a "clean
earth" system.

2.26.20 Control supplies in desks, panels and cubicles shall be derived from a duplicate
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standby/UPS system, except if specified otherwise in this specification. The following
alarms shall be provided to monitor the systems: voltage high, voltage low, no volts and
earth fault. The alarms shall be signalled to the Control Room.

2.26.21 Instruments having pressure pipe connections containing oil, water, steam or
flammable or toxic fluids shall be excluded from the Control Room.

2.26.22 All cubicles, desks and panels shall be painted externally with a high gloss paint of
Munsell 5Y7/1 colour. The interiors of all cubicles, desks and panels shall be painted
matt white.

2.26.23 All cubicles, or panels mounted external to control and apparatus rooms shall be fitted
with thermostat controlled anti-condensation heaters.

2.27 Instruments & Meters

2.27.1 Indicating Instruments

2.27.1.1 All indicating instruments shall be of the flush mounted pattern with dust and moisture proof
cases complying with BS 2011, Classification 00/50/04, and shall comply with IEC 60051-1.

2.27.1.2 Unless otherwise specified, all indicating instruments shall have 96 mm or 144 mm square
cases to DIN standard or equivalent circular cases.

2.27.1.3 Instrument dials in general should be white with black markings and should preferably be
reversible where double scale instruments are specified.

2.27.1.4 Scales shall be of such material that no peeling or discolouration will take place with age under
humid tropical conditions.

2.27.1.5 The movements of all instruments shall be of the dead beat type. Wherever possible,
instruments shall be provided with a readily accessible zero adjustment.

2.27.2 Electrical Meters

2.27.2.1 All electrical meters shall comply with IEC 62053 and other relevant IEC standards and, unless
otherwise specified, shall be of accuracy Class 1, except Class 0.2 for energy meters. Three-
phase power measuring instruments shall be of the three-phase unbalanced load pattern
wherever the current and voltage references permit.

2.27.2.2 Where precision grade metering is specified meters shall be calibrated to precision grade
accuracy to IEC standards.

2.27.2.3 Due allowance shall be made for the errors of current and voltage transformers with which they
shall work and whose accuracy class shall be Class 0.2.

2.27.2.4 Where commercial grade metering is specified the meters shall be calibrated to commercial
grade accuracy to IEC standards.

2.27.2.5 Meters shall be single directional and shall be fitted where required with suitable devices for the
transmission of impulses to a summator. Var-hour meters shall be complete with phase shifting
transformers as necessary.
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2.27.2.6 Front of panel test terminal blocks shall be provided for all meters.

2.27.2.7 Summators shall be equipped to summate the circuits specified and shall be equipped where
required with suitable contacts for the re-transmission of impulses to a printometer. They shall
register in kilowatts the value of the impulses received from each kilowatt-hour meter.
Printometers shall be of an approved type having the specified demand interval.

2.27.2.8 Each 230 kV and 132 kV feeder shall be provided with Main 1 and Main 2 energy meters.

2.27.2.9 The energy meter shall be 3-element, 4-wire arrangement of programmable digital type and
shall have proven performance and shall consist of different types, either from the same
Manufacturer or different Manufacturers. The accuracy class of the energy meter shall be 0.2.

2.27.3 Indicating Lamps and Fittings
2.27.3.1 All indicating lamps shall be adequately ventilated and as far as practicable, lamps of a common
type and manufacture shall be used throughout the Contract.

2.27.3.2 Lamps shall be easily removed and replaced where possible from the front of the panel by
manual means preferably not requiring the use of extractors.

2.27.3.3 Where specified every circuit breaker panel shall be equipped with one red and one green
indicating lamp, indicating respectively circuit closed and circuit open and an amber lamp for
indicating 'auto-trip'. Where specified for in the lines of mimic diagrams, indicating lamps may be
of the three-lamp single-aspect type.

2.27.3.4 The variety of indicating lamps provided shall be rationalised to reduce maintenance and spares
requirements.

2.27.3.5 The lamps shall be clear and shall fit into a lamp holder. The rated lamp voltage shall be at least
20% in excess of nominal supply voltage, whether a.c. or d.c. The lamps shall have an
operating life of at least 10,000 hours, under site conditions. In the event that other indicating
devices, such as light emitting diodes, are used in place of lamps then these shall have the
same life expectancy and performance capability as the lamps they replace.

2.27.3.6 The lamp glasses shall comply with IEC 60073 and be in the standard colours, red, green, blue,
white and amber. The colour shall be in the glass and not an applied coating. Transparent
synthetic materials may be used instead of glass subject to the approval of the Engineer.

2.27.3.7 Where illuminated pushbuttons are used for control purposes, the illuminated pushbuttons shall
be engraved with a clear instruction such as 'push to open' or 'push to close', and the lamp shall
illuminate in accordance with the above colour code after the instruction has been carried out
and the device has operated.

2.27.3.8 Unless otherwise agreed with the Engineer all lamp colours shall conform to the following
practice:
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Red energised or operative position

Green de-energised or inoperative position

Amber fault or abnormal condition

White healthy or normal condition

Blue other purposes, to be used with descriptive label

2.27.3.9 Lamp test facilities shall be provided for all switchboards, control panels etc. to enable all lamps
to be tested whilst the equipment is in service. Operation of the lamp test facility shall not cause
any other device to operate. Indication circuits shall be fused.

2.27.4 Anti-Condensation Heaters

2.27.4.1 All switchboards, panels, cubicles and the like shall incorporate thermostat controlled electric
heaters capable of providing movement of sufficient heated air to avoid condensation. The
apparatus so protected shall be designed so that the maximum permitted rise in temperature is
not exceeded if the heaters are energised while the apparatus is in operation.

2.27.4.2 The switchboard anti-condensation heaters shall be fed from an LV single phase and neutral
supply, manually switched by a two-pole switch with red lamp, mounted on the back of the
board, panel or cubicle and bus-wired through the board. Labels shall be provided on the switch
stating "Heater Supply". Heater terminals shall be shrouded and labelled "Heater".

2.27.4.3 Motor anti-condensation heaters where fitted shall be fed from an LV single phase and neutral
supply bus-wired through the board. The supplies shall be individually fused and will be
switched by auxiliary contacts on the contactor and isolated by auxiliary contacts on the
contactor isolator.

2.28 Control and Instrument Panel Wiring, Cable Terminations and

Terminal Boards

2.28.1 General

2.28.1.1 All electrical equipment mounted in or on switchgear, panels and desks, shall have readily
accessible connections and shall be wired to terminal blocks for the reception of external
cabling.

2.28.1.2 The wiring shall comply with BS 6231 and shall be capable of withstanding without deterioration
the conditions at Site, due allowance being made for such temperature conditions as may arise
within any enclosure. The insulating material shall be flame retardant in accordance with IEC
60332.

2.28.1.3 All wiring shall be of adequate cross-sectional area to carry prospective short-circuit currents
without risk of damage to conductors, insulation or joints.

2.28.1.4 The following classes of copper conductor, as defined in IEC 60228, shall be used for panel
wiring:

Class 1: conductors up to a maximum of 0.9 mm diameter where necessary for wire-wrapped
terminations and similar techniques,
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Class 2: conductors except where specified otherwise,
Class 5 and Class 6: conductors between points subject to relative movement.

2.28.1.5 The following minimum conductor sizes shall be used:

1.5 mm? except where specified otherwise,
4.0 mm? for current transformer secondary circuits with-a—rated-secondary—current
of-notexceeding1A:

2.28.1.6 Where an overall screen is used, this shall be a metallic screen or low resistance tape, with a
drain wire as above.

2.28.1.7 Wiring shall be supported using an insulated system that allows easy access for fault finding
and facilitates the installation of additional wiring.

2.28.1.8 Small wiring passing between compartments that may be separated for transport shall be taken
to terminal blocks mounted separately from those for external cable connections.

2.28.1.9 Connections to apparatus mounted on doors or between points subject to relative movement
shall be arranged so that they are subjected to torsion rather than bending.

2.28.1.10 Ribbon cables or similar preformed cables with plug and socket connectors may be used for
light current wiring. Plug and socket connectors shall be polarised so that they can only be
inserted into one another in the correct manner.

2.28.1.11 If so required, the Contractor shall submit for the Engineer's approval samples of the types of
wire, numbered ferrules, and terminal washers or lugs as appropriate which he propose to use.

2.28.2 Identification of Wires

2.28.2.1 All wiring and cores in control and instrument cables shall be identified in accordance with the
associated schematic and/or wiring diagrams either by means of discrete wire numbers or wire
colours, except when an automatic or proprietary system of wiring is used, e.g. point-to-point
wiring on a mother board.

2.28.2.2 When a wire numbering system is used, it should be in accordance with IEC standards or with a
functional marking system. Both ends of every wire and core in control and instrument cables
shall be fitted with interlocking ring ferrules of white insulating material indelibly marked with
black characters, complying with BS 3858. Heat shrink marking sleeves may be used, but
adhesive markers are not acceptable.

2.28.2.3 When plug and socket connectors are used, they shall be uniquely identified as mating pairs
and each connector pin shall be numbered. Wiring which is permanently connected to plugs or
sockets need not be identified.

2.28.2.4 Each core of multi-pair wiring shall be identified by colour and terminal block identification
together with an identification tracer per bundle.
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2.28.2.5 Permanent identification of all terminals, wires and terminal blocks shall be provided.

2.28.2.6 A consistent system of wiring numbering shall be used throughout the plant, and it shall be
agreed with the Engineer at the start of the Contract.

2.28.3 Terminals and Terminal Blocks
2.28.3.1 Terminal blocks shall have separate terminals for internal and external connections, and not
more than one wire shall be connected to each terminal.

2.28.3.2 Adjacent terminals to which wires of different voltage, polarity or phase are connected shall be
separated by a protruding insulating barrier. This requirement also applies to terminals carrying
wires of the same voltage but originating from different sources.

2.28.3.3 Trip circuit wiring and instrument transformer secondary wiring shall be connected using hook
type crimped terminations in screw clamp, spring loaded insertion type terminals.

2.28.3.4 Where clamp type terminals are used, Class 1 and Class 2 conductors may be terminated
without lugs. Crimp lugs shall be used for Class 5 and Class 6 conductors. Means shall be
provided for retaining the identifying ferrules of the wire end when it is disconnected.

2.28.3.5 Pinch screw type terminals shall not be permitted.

2.28.3.6 Subject to approval of the Engineer, "wire-wrap"”, "termi-point" or equivalent methods of
terminations of single strand conductors may be used.

2.28.3.7 Wires shall be grouped on the terminal boards according to their functions.

2.28.3.8 All terminal blocks shall provide a degree of protection of not less than IP2X when correctly
installed, either inherently or by provision of insulating covers.

2.28.3.9 Terminal boards shall be mounted vertically, not less than 150 mm above the gland plates, and
spaced not less than 100 mm apart, on the side of the enclosure and set obliquely towards the
rear doors.

2.28.3.10 Sufficient terminals shall be provided to permit all cores on multicore cables to be
terminated. Terminals for spare cores shall be numbered and be located at such position as will
provide the maximum length of spare core. At least 10% spare terminals shall in all cases
remain after commissioning.

2.28.3.11 The tails of multicore cables shall be bound and routed so that each tail may be traced
without difficulty to its associated cable. All spare cores shall be made off to terminals.

2.28.3.12 When two lengths of screened cable are to be connected at a terminal block (i.e. junction
box) a separate terminal shall be provided to maintain screen continuity.

2.28.3.13 In the main and local control and equipment rooms, means shall be provided on the terminal
blocks of panels, desks, cubicles, etc., for testing all the instrument circuits without the need to
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remove the internal or external wiring from the block.

2.28.3.14 The Contractor shall submit full details and specification of the proposed means of
termination where wire wrapping, soldering and similar methods are used. The adopted
methods shall be to the Engineer's approval.

2.28.3.15 The Contractor shall identify all special tools, such as wire wrapping tools required for
termination, and shall make provision for their supply in sufficient numbers.

2.28.3.16 The use of pre-formed factory tested cable connections to field mounted marshalling boxes
shall be to the Engineer's approval.

2.29 Cable Boxes and Glands

2.29.1 General

2.29.1.1 Electrical equipment shall be provided with all necessary cable boxes, which shall be complete
with all required fittings. All cable boxes shall be of adequate size to allow for the correct
termination of the cable sizes required or specified, taking into account the crossing of cores to
achieve the correct phasing, and to accommodate all cable fittings, including stress cones or
other means of cable insulation grading, if required. All cable boxes shall be designed in such a
manner that they can be opened for inspection without disturbing the gland plate or incoming
cable.

2.29.1.2 All main cable boxes shall be air insulated for the termination of all types of cable at voltages up
to and including 33 kV nominal system voltage, unless otherwise specified elsewhere in this
Specification. Compound-filled cable boxes may only be used for paper insulated cables, where
specified elsewhere.

2.29.1.3 The enclosure classification of main and auxiliary cable boxes on motors with the cable(s)
terminated shall not be less than that of the associated motor, subject to a minimum
classification of IP54.

2.29.1.4 Clearance and creepage distances shall be adequate to withstand the specified alternating
current voltages and impulse voltages for service under the prevailing site conditions.

2.29.1.5 Means shall be provided for preventing accumulation of dirt, dust, moisture, vermin or insects
such as to maintain the anticipated life of the equipment.

2.29.1.6 The terminals for 3 phase cables shall be clearly marked with the specified phase designations
to enable the cables to be terminated in the correct sequence.

2.29.1.7 Flexible connections shall be provided between cable lugs and bushings for all cables of 300
mm? section and greater.

2.29.1.8 There shall be no possibility of oil entering the cable box from an associated oil filled
compartment.

2.29.1.9 Inner sheaths shall be arranged to project at least 25 mm above the gland plate to avoid
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moisture collecting in the crutch.

2.29.1.10 All cable boxes shall be designed to withstand the high voltage d.c. cable tests prescribed in
IEC 60055, IEC 60502 or other applicable standard.

2.29.1.11 Cable lugs and terminations for the receipt of all power, control and instrumentation cable
cores shall be provided.

2.29.1.12 Where air insulated terminations are used, the cable crutch within a cable box or equipment
panel shall be protected by the use of a heat-shrink plastic trifurcating sleeve or equivalent
placed over the cores and crutch.

2.29.1.13 The Contractor shall provide full information and instruction for his proposed method of
terminating HV cables.

2.29.1.14 Removable gasketed steel gland plates shall be provided for multicore cables. The cable
entry into the cable box shall be arranged so that there is adequate space to manipulate the
cable for glanding and termination.

2.29.1.15 When single core cables are used, particularly for currents in excess of 500 A, adequate
steps must be taken to minimise the effects of eddy currents in the gland and bushing-mounted
plate.

2.29.1.16 Gland plates for externally mounted marshalling boxes shall be in the form of removable
gasketed steel plates, forming part of the underside of the box. Indoor marshalling boxes may
be fitted with gland plates on all four sides.

2.29.2 Additional Requirements for Compound-filled Cable Boxes

2.29.2.1 Cable boxes for paper insulated cables shall be complete with universal tapered brass glands,
insulated from the box in an approved manner and including an island layer for testing
purposes, together with removable shorting links.

2.29.2.2 Filling and venting plugs, where required, shall be positioned so as to avoid the possibility of air
being trapped internally and adequate arrangements shall be made for expansion of compound,
etc.

2.29.2.3 Compound-filled chambers shall be clean and dry and at such a temperature before filling that
the compound does not solidify during the filling process. Filling orifices shall be sufficiently
large to permit easy and rapid filling.

2.29.3 Cable Glands
2.29.3.1 Cable glands for extruded solid dielectric insulated cables (PVC, EPR, XLPE) shall be of the
compression type and as specified in BS 6121 Part 1.

2.29.3.2 All glands shall be provided with an earthing tag or equal facility. For cables having conductors
not larger than 4 mm?2 serrated washers may be used in place of earthing tags to provide earth
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continuity.

2.29.3.3 Glands for armoured or screened cables greater than or equal to 240 mm?2 and all insulated
glands for power cables shall be provided with an integral earthing lug. On cable glands up to
and including 40 mm nominal size, the earthing connection shall have a short circuit rating of at
least 25 kA for 1 second and of at least 40 kA for 1 second on larger sizes.

2.29.3.4 Insulated glands shall be provided with removable connections for bonding across the gland
insulation. The gland insulation shall withstand a wet insulation voltage withstand test of at least
2 kV a.c. for 1 minute.

2.29.3.5 Under conditions of severe corrosion, corrosion-resistant cable glands complying with BS 6121
Part 3 may be used, or the Contractor may use an alternative solution with the approval of the
Engineer.

2.29.3.6 Polymeric cable glands complying with BS 6121 Part 2 may be used, but only when terminating
unarmoured cables.

2.29.3.7 Glands for MICS cables shall be to the approval of the Engineer.

2.30 Box-Filling Compounds

2.30.1 The type of compound shall be to the approval of the Engineer, who shall be supplied
with sufficient information by the Contractor. The Contractor shall supply all compound
required together with an additional quantity of not less than 10% of normal
requirements.

2.30.2 Where hot-pouring compounds are employed the pouring temperature shall be verified
by use of thermometers or similar instruments and the metallic case of all joints and
terminal boxes shall be adequately pre-warmed to drive off moisture.

2.30.3 The Contractor shall take particular care to adhere to the recommended topping-up
procedures and to ensure that no leakage or migration of the filling compound occurs.

2.30.4 Should leakages occur during the maintenance period the Engineer will require the
joint to be re-made at the Contractor's expense.

2.31 Oil or Compound-Filled Chambers

2.31.1 All joints of oil- or compound-filled fabricated chambers, other than those that have to
be broken, shall be welded and care shall be taken to ensure that the chambers are oil-
tight. Defective welded joints shall not be repaired but maybe re-welded subject to the
written approval of the Engineer.

2.31.2 Insulating compound shall comply with BS 1858.

2.31.3 The correct oil or compound filling level shall be indicated on the inside and outside of
chambers.

2.32 Joints and Gaskets

All joint faces are to be flat and parallel to the approval of the Engineer and arranged to prevent
the ingress of water or leakage of oil with a minimum of gasket surface exposed to the action of
oil or air. Oil-resisting synthetic rubber gaskets are not permissible, unless the degree of
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compression is accurately controlled. For gaskets of cork or similar, oil resisting synthetic rubber
may be used as a bonding medium.

2.33 Valves on Electrical Equipment Fluid Lines and Vessels

Valves shall comply with the requirements of Clause 2.19. All drain and filter valves shall be
provided with gun metal adaptors suitable for connecting a flexible hose having a screwed
coupling of approved size. Captive-screwed caps shall be provided for all such adaptors.

2.34 Junction and Marshalling Boxes

2.34.1 Junction and marshalling boxes for use in non-hazardous areas shall be of substantial
sheet aluminium anodised coating construction to prevent corrosion, having an
enclosure classification in accordance with the requirements of clause 2.27.2. They
shall be fitted with external fixing lugs and finished in accordance with the requirements
of the specification for cleaning, painting and finishing. The boxes shall allow ample
room for wiring, with particular regard to the routing of wires from the point of entry.
Boxes made from aluminium shall be subject to agreement with the Engineer.

2.34.2 Outdoor boxes shall have an anti-condensation finish and all boxes shall be designed
such that any condensed water cannot affect the insulation of the terminal boards or
cables. No cables shall be terminated into the top of outdoor boxes unless specifically
approved by the Engineer.

2.34.3 All outdoor kiosks, cubicles and panels shall be provided with sun/rain shades. All
kiosks, cubicles and panels not in air-conditioned rooms shall be provided with
thermostat controlled anti-condensation heaters. All kiosks, and cubicles shall be fitted
with door operated internal illumination lamps. All necessary gland plates shall be
provided undrilled.

2.34.4 Boxes shall be complete with suitably inscribed identification labels. Boxes for use in
hazardous areas shall have all entries factory pre-drilled. Every unused screwed entry
shall be sealed by means of a tamperproof screwed plug in accordance with IEC
60079. Hazardous area boxes with bolted or screwed lids shall require the use of
special keys or spanners, for lid removal, protected against the ingress of moisture, by
an approved means, compliant with local standards.

2.34.5 All box covers are to be arranged for padlocking and padlocks with keys shall be
supplied.

2.34.6 All boxes shall be provided with adequate earthing bars and terminals.

2.35 Conduit and Accessories

2.35.1 Conduit installations shall comply with IEC standards 60364, 60621, 60981 and 61035.
Installations shall also be compliant with local regulations, unless otherwise approved
by the Engineer.

2.35.2 All conduit and conduit fittings shall comply with IEC 60423 and IEC 60614. Unless
otherwise approved, all conduit and conduit fittings shall be threadable steel conduit
with minimum enclosure classification P55, heavy mechanical protection and high
resistance to corrosion inside and outside.

2.35.3 No conduit smaller than 20mm diameter shall be used.
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2.35.4 Standard circular boxes or machined face heavy duty steel adaptable boxes with
machined heavy type lids shall be used throughout. For outdoor mounting all boxes
shall be galvanised, weatherproof and fitted with external fixing lugs.

2.35.5 Where conduit is terminated so that the bare end of the conduit is exposed the conduit
end shall be fitted with a brass bush.

2.35.6 The use of running threads, solid elbows and solid tees will not be permitted.

2.35.7 Conduit ends shall be carefully reamed to remove burrs. Draw-in boxes shall be
provided at intervals not exceeding 10 m in straight-through runs.

2.35.8 Conduit runs shall be in either the vertical or horizontal direction, unless otherwise
approved, and shall be arranged to minimise accumulation of moisture. Provision for
drainage shall be made at the lowest points of each run.

2.35.9 Conduits shall be supported on heavy galvanised spacer saddles so as to stand off at
least 6mm from the fixing surface.

2.35.10 All conduits run in any circuit are to be completed before any cables are pulled in.

2.35.11 Flexible metallic conduit shall be used where relative movement is required between
the conduit and connected apparatus, and a separate earth continuity conductor shall
be provided.

2.36 Trunking

Steel trunking may be used for running numbers of insulated cables or wires in certain positions
to the approval of the Engineer. The trunking thickness shall not be less than 1.2 mm.
Connection of conduit to trunking shall be with socket and male bush. All trunking shall be
manufactured from hot-dip zinc coated steel sheet and conform to IEC 61084.

2.37 Electric Motors

2.37.1 General

Motors shall comply with the requirements of IEC 60034 and IEC 60072 as amended and
supplemented by this specification.

2.37.2 Type and Rating

2.37.2.1 Except where specified otherwise or economically justified, all a.c. motors shall be of the
constant speed, cage induction type with windings adequately braced for direct-on-line starting
at the rated voltage. They shall be suitable for control by either circuit breaker or fused
contactor.

2.37.2.2 Motors shall be continuously rated, Duty Type S1. Exceptions shall be permitted only when the
intermittent or short time duty cycle can be accurately defined by the Contractor.

2.37.2.3 Three phase a.c. motors shall be rated for the voltages specified elsewhere in the Specification.

The minimum rated output of HV motors shall comply with IEC 60034-1. The maximum rated
output of LV motors shall not exceed 150 kW, except where approved by the Engineer.

2.37.3 Insulation
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Motors shall be insulated with materials complying with IEC 60085. All motors shall have Class
F insulation but the temperature rise shall not exceed the limits applicable to Class B.

2.37.4 Conditions of Operation

A.C. motors shall be capable of continuous operation under the service conditions within the
Zone A voltage and frequency variations specified in IEC 60034-1 Figure 13 or as covered in
Clause 4.1 whichever is the most onerous. Unless otherwise specified, the motors shall be
capable of continued operation at 75% rated voltage and rated frequency for a period of 5
minutes without injurious heating. In the event of loss of supply, all motors shall be suitable for
restarting against the full residual voltage in the motor winding during motor run-down.

2.37.5 Starting Performance

2.37.5.1 Unless otherwise specified or required, cage induction motors up to and including 40 kW shall
have a starting performance better than or equal to Design N in accordance with IEC 60034
(External inertias for 50 and 60 Hz motors shall be in accordance with BS 4999 Part 112). Cage
induction motors above 40 kW shall have a starting performance better or equal to Design D in
accordance with BS 4999 Part 112. The starting current at full voltage shall not exceed 6 times
full load current.

2.37.5.2 The starting torque at 80% voltage shall be adequate for starting the driven load under the most
arduous conditions, such as open fan vane or open pump discharge valve. The accelerating
torque at any speed and 80% rated voltage shall be not less than 10% of motor rated torque. In
any event the motor starting torque at 100% rated voltage, and at all speeds between standstill
and the speed at which breakdown torque occurs, shall be not less than 1.7 times the torque
obtained from a load curve which varies as the square of the speed and is equal to 100% motor
rated torque at rated speed.

2.37.5.3 The margins between the torques of the motors and driven plant shall include suitable
allowances for impeller wear, fouling etc. during the life of the plant.

2.37.5.4 Electric motors shall be suitable for two successive starts with the motor already at full load
working temperature, subject to the motor being permitted to decelerate to rest under operating
conditions between successive starts. After a cooling period of 30 minutes at rest another
starting sequence of two successive starts shall be permissible.

2.37.6 Bearings

The type of bearings used in the motor shall be fully compatible with those used in the driven
equipment. The type of bearing, bearing numbers and regressing interval shall be stamped on
each motor rating plate. Bearings shall comply with the applicable ISO standards. Bearings shall
be designed to exclude the ingress of dust and water and sealed to prevent leakage of lubricant
along the shatft.

2.37.7 Enclosures and Methods of Cooling
2.37.7.1 The degree of enclosure protection for motors shall be as follows unless otherwise specifically

Tender Document: Design, Supply, Erection, Testing & Commissioning of capacity enhancement and Capacitor Bank
installation with associated switchgear in existing grid substation. (Package-2, Lot-2)




72

approved by the Engineer:

IP54 for indoor locations not subject to hosing.

Not less than IP 55W for outdoor locations, and indoor locations subject to housing.

Where motors are exposed to solar radiation, sunshades shall be fitted, if required by the
Manufacturer to meet his guarantees.

2.37.7.2 The cooling classification for motors shall be as follows unless otherwise specifically approved
by the Engineer:

IC4AIA1 or IC5AIAL for LV motors, or IC4AIAO for small power LV motors.
IC4AIAl, IC5AIAI, IC6A1A1 or IC7AIWTY for HV motors.
Ferrous metals should be used for the frames and end shields of all ratings of motors.

2.37.7.3 Aluminium and its alloys shall only be used when the Manufacturer can demonstrate that such
materials are entirely suitable for the particular application at its installation location. Fans of
identical motors shall be interchangeable without affecting motor balance.

2.37.8 Anti-condensation Heaters

2.37.8.1 To minimise condensation in all outdoor 400V and intermittently used 400 V motors when out of
service, heaters of an approved type and rating, suitable for operation from a 230 V a.c. single
phase supply, shall be fitted inside the lower half of the stator frame.

2.37.8.2 The control of anti-condensation heaters shall be so arranged that they are normally energised
when the motor is not running.

2.37.9 Terminals and Terminal Boxes
2.37.9.1 Winding terminations shall generally comply with BS 4999 Part 145. Separate non-compound
filled, terminal boxes shall be provided for each of the following, as applicable:

Main (line) connections.

Star point connections.
Anti-condensation heater connections.
Instrumentation and alarm devices.

2.37.9.2 All terminal boxes with the cables terminated shall have an enclosure classification not less than
that of the motor itself. All terminal boxes shall be of an adequate size for the satisfactory
termination of the cable(s) required or specified, including all applicable termination
components. All HV terminal boxes shall be provided with a desiccant indicator, externally
sealed.

2.37.9.3 Terminals and terminal leads shall be to approval and shall be substantially designed for
connection to a system having the symmetrical short circuit rating of the source switchboard, as
limited by fuses, where applicable. The clearances and creepage distances shall apply also to
insulated terminals and connectors. Porcelain terminal bushings and insulators shall not be

Tender Document: Design, Supply, Erection, Testing & Commissioning of capacity enhancement and Capacitor Bank
installation with associated switchgear in existing grid substation. (Package-2, Lot-2)




73

used.

2.37.9.4 Main and star point terminal boxes of HV motors shall be of steel. Cast iron may only be used
for LV motor terminal boxes and auxiliary terminal boxes. Star point terminal boxes shall only be
provided where required to accommodate neutral end current transformers and shall be
positioned opposite the main terminal box.

2.37.9.5 Main HV terminal boxes at voltages exceeding 7.2 kV (Um) shall be of a type that restricts
internal faults to earth faults only. Where pressure relief terminal boxes are used, they shall be
designed to relieve the products of an internal fault safely to the outside, and not into the interior
of the motor.

2.37.9.6 Provision shall be made for earthing the cable armour and the cable insulation screens, where
applicable, in accordance with the cable termination method being used. In auxiliary cable
boxes either stud terminals or clamp terminals shall be provided. The anti-condensation heater
terminal box shall have a warning label adjacent to it, stating "motor heater-terminals live".

2.37.10

Earth Terminal

All motors shall be provided with a means of earthing the frame, which shall be to the approval
of the Engineer.

2.37.11 D.C. Motors
2.37.11.1 D.C. motors that are to operate from batteries shall be capable of operating under the
service conditions at any voltage in the range of 80% to 110% of the nominal value.

2.37.11.2 Motors of the constant speed type shall be designed to operate with a permanent series
resistor of suitable rating and with a contactor such that starters with tagged resistors are not
required.

2.37.11.3 All d.c. motors shall be provided with brush-gear that does not require to be moved to suit
load conditions.

2.37.11.4 Motors connected to rectifier equipment shall meet the conditions of supply voltage and
frequency specified for a.c. motors. Where necessary, rectifier equipment shall be fitted with a
current limiting device.

2.37.12 Motor Starters and Contactors for Separate Mounting

2.37.12.1 In special cases for motors below 30 kW, and non-essential non-plant auxiliaries, such as
roller shutter doors, and where approved by the Engineer, separately mounted starters for
motors may be provided. Each such motor starter shall be equipped with two or three pole
control gear, as appropriate, for direct-on-line starting and shall be complete with a fully
shrouded lockable isolating switch, mechanically interlocked with the means of access. All
starters shall be supplied by one Manufacturer, except where otherwise approved by the
Engineer.

2.37.12.2 Contactors shall be of robust design and shall comply with IEC 60947. All contactors and

Tender Document: Design, Supply, Erection, Testing & Commissioning of capacity enhancement and Capacitor Bank
installation with associated switchgear in existing grid substation. (Package-2, Lot-2)




74

their associated apparatus for minor motors shall be capable of operating without overheating
for all specified motor operating conditions, and including for a period of five minutes at normal
frequency if the supply voltage falls to 80% of nhominal voltage.

2.37.12.3 For motors up to 30 kW rating motor starters shall be provided with direct connected thermal
overload and phase failure industrial pattern protection tripping devices, integral with the motor
contactor. Phase failure protection shall operate with out-of-balance currents not exceeding
85% of motor full load current. Separate contacts for a remote trip alarm shall be provided, and
connected up if required.

2.37.12.4 For motors above 30 kW starters shall not be wall mounted but included in a switchboard.
For such circuits motor protection relays with a more accurate and easily adjustable overload
setting shall be used, which are sensitive to out-of-balance currents not exceeding 20% of full
load, and shall include instantaneous earth fault elements. Alternatively, instantaneous earth
fault protection may be incorporated in the motor circuit breaker. The earth fault protection shall
not operate for unbalanced current surges during motor starting.

2.37.13 Pushbuttons and Separately Mounted Pushbutton Stations

2.37.13.1 Pushbuttons, which may be of the illuminated or non-illuminated type, shall be shrouded or
well recessed in their housings in such a way as to minimise the risk of inadvertent operation. In
instances where "enable" pushbuttons are required they shall be electrically interlocked with the
normal control such that deliberate operation of the "enable" push-button is required before the
normal control can take place.

2.37.13.2 The colour of pushbuttons shall be as follows:

When mounted on pushbutton stations adjacent to running plant:
the stop button shall be coloured red and
the start button coloured green.
When mounted on the front of the contactor panel:
the stop button shall be coloured red and
the start button coloured green.
When mounted on panels or desks with adjacent indication lights, unless required
otherwise by the Engineer:
both buttons shall be coloured black

2.37.13.3 Loose pushbutton stations, unless supplied as weatherproof free standing enclosures, shall
be of the metalclad weatherproof type suitable for wall or bracket mounting with a minimum
enclosure classification of IP55.

2.37.13.4 All outdoor mounted pushbutton stations shall incorporate a protective cover or guard (e.g.
toughened glass door) to prevent inadvertent operation.

2.37.13.5 Control stations shall be clearly labelled showing the duty or drive to which they are
applicable. Location of ammeters shall be agreed with the Engineer.
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2.37.13.6 Any necessary pushbuttons used on covered desks, panels etc. have to be of special types

(e.g. miniature, illuminated). The specifications and requirements for these special pushbuttons
shall be agreed with the Engineer.

2.37.13.7 Emergency stop pushbuttons shall be provided adjacent to all motors and machinery with

exposed moving parts, couplings etc. to prevent danger, and on main and local control panels.
These pushbuttons shall have a large "mushroom” head, be coloured red and incorporate a
protective cover or guard to avoid accidental operation. These buttons shall automatically lock in
the depressed position, requiring twist or key resetting. Contacts shall be provided to cause
tripping of the associated circuit, prevent restart of the circuit and bring up an alarm in the
Central Control Room.

2.37.13.8 Stop pushbuttons mounted local to motors shall trip the associated circuit breaker or

contactor regardless of the control position selected.

2.37.13.9 The contacts of all pushbuttons shall be shrouded to minimise the ingress of dust, and

2.38
2.38.1

2.38.2
2.38.3

2.38.4
2.38.5

2.38.6
2.38.7

2.39
2.39.1

2.39.2

2.39.3

2.39.4

accidental contact, and shall be amply rated for voltage and current for the circuits in which they
are used.

Miniature Circuit Breakers, Fuses and Links

Facilities shall be provided for protection and isolation of circuits associated with
protection, control and instruments. They shall be of approved type and grouped, as far
as possible, according to their functions. They shall be clearly labelled, both on the
panels and the associated wiring diagrams.

Facilities shall be provided to enable the control circuits for any circuit breaker to be
individually isolated for maintenance purposes.

Facilities for protection and isolation of control and tripping circuits are preferably to be
mounted on the outside of control panels in approved positions.

All fuses shall incorporate HRC cartridges to BS 88 or IEC 60269.

Fuse holders shall be designed to lock the cartridges firmly into position without the use
of screw clamping devices.

Miniature circuit breakers (MCB's) shall comply with IEC 60898.

Where MCB's are used on control, protection and alarm supplies, tripping shall cause
an alarm to be displayed.

Earthing and Bonding

The main earthing conductors for connection to all electrical equipment, cables,
motors, panels, etc., shall be provided for connection to the main earthing system.

All non-current carrying metal parts of electrical equipment shall be bonded to an earth
terminal or terminals mounted on the equipment and readily accessible.

All equipment terminals provided for an external earth connection shall be identified by
indelible means unless such terminals are directly and visibly mounted on metallic
equipment frames or earth bars, when such marking may be omitted.

Identification marks for earth terminals shall comprise the colours green/yellow in
combination or a reproduction of the symbol no. 5019 in IEC 60417.
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Assemblies containing electrical equipment, including switchboards, control boards and
control desks, shall be provided with a separate copper earth bar running the length of
the assembly. All metal parts and the earth terminal or terminals shall be bonded to this
earth bar. Earthing connections shall not depend upon the bolting of steel/steel joints
between adjacent panels or cubicles.

Earth bars shall be of adequate size and suitably supported and braced to carry the
rated short circuit current for the associated electrical circuits for the rated short-circuit
current duration, without damage or excessive heating likely to damage joints,
associated or adjacent components.

Switchgear and control gear assemblies shall be provided with two or more earth
terminals unless otherwise specified. The copper earth bar shall be sized to withstand
the maximum system earth fault current for three seconds without deterioration.

The size of the copper earth bar in control panels, control desks or similar enclosures
containing low voltage apparatus shall be such as to comply with the specified
requirements for withstanding prospective short-circuit currents. The size of this bar
shall be a minimum of 100 mm?2 cross-sectional area, providing that sufficient
mechanical integrity is provided by adequate supports and terminals, and also
providing this size is not less than the size of the largest incoming power supply
conductor.

The metal cases of all instruments, relays and the like shall be connected to the panel
earth bars by copper conductors of not less than 1.5 mm?2 cross-sectional area, or by
other means to the approval of the Engineer.

2.39.10 If the plant contains electronic equipment that is vulnerable to possible conductive

interference, or if the equipment generates electrical noise, which could interfere with
other plant or equipment, then separate earths may be supplied and the actual means
of interconnecting with the station earth system shall be agreed with the Engineer.
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3. HV Switchgear and Outdoor Equipment

3.1 Scope

3.1.1. These clauses describe the general technical requirements for the new 420 kV, 245 kV,
145kV and 36kV Gas Insulated Switchgear (GIS) & Air Insulated Switchgear(AlS) and
shall be read in conjunction with the project requirements, schedules and drawings in the
specification.

3.1.2. The Contractor shall demonstrate that the switchgear has been designed, built and
installed in accordance with the relevant international standards and the specification. It
shall also operate and perform on a site in accordance with the requirements of the
specification and in the environment defined therein.

3.1.3. The design shall be proven by the submission of test certificates at the time of bidding
covering all specified tests deemed to be pertinent to the plant and to the conditions in
which it will operate.

3.1.4. The requirement for switchgear spares, tools and appliances, including test,
maintenance and handling equipment shall be as stated in the Bid document. All devices
necessary for operation and earthing shall be provided within the contract price.

3.1.5. Installation, testing and commissioning of all switchgears shall be done by the
switchgear engineer(s) of the switchgear(s) manufacturer(s).

3.2 References

3.21 |EC Standards

Except where modified by this specification, the switchgear and/or accessories shall be
designed, manufactured and tested in accordance with the latest IEC Standards and other
publications quoted in these Standards.

e |EC 60044, I|EC Instrument transformers

60869
 |EC 60060 High voltage test techniques
* |EC 60071 Insulation coordination
* |EC 60099 Surge arresters
e |EC 60137 Bushings for alternating voltages
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* |EC 60265-1 High-voltage switches - Part 1: Switches for rated voltages above
1 kV and less than 52 kV

* |EC 60265-2 High-voltage switches. Part 2: High-voltage switches for rated
voltages of 52 kV and above

e |EC 60269 Low voltage fuses

e |EC 60273 Characteristics of indoor and outdoor post insulators for systems

with nominal voltages greater than 1000V

* |EC 60282 High voltage fuses.

e |EC 60305 Insulators for overhead lines with a nominal voltage above 1000V
- Ceramic or glass insulator units for ac systems - Characteristics
of insulator units of the cap and pin type.

* |EC 60358 Coupling capacitors and capacitor dividers

e |EC 60364 Electrical installation of buildings

e |EC 60376 Specification of technical grade sulphur hexafluoride (SF6) for use
in electrical equipment

* |EC 60383 Insulators for overhead lines with a nominal voltage above 1000V

e |EC 60815 Guide for the selection of insulators in respect of polluted
conditions

 |EC 60865-1 Short-circuit currents - Calculation of effects

* |EC 61639 Direct connection between power transformers and gas insulated
metal enclosed switchgear for rated voltages of 72.5 kV and
above

e |EC 62155 Hollow pressurized and unpressurized ceramic and glass

insulators for use in electrical equipment with rated voltages
greater than
1000 V

* |EC62271-1 HV switchgear and controlgear - part 1: common specifications

* |EC 62271-100 HV switchgear and controlgear - part 100: AC circuit breakers
e |EC62271-103 Switches for rated voltage above 1 kV and less than 52 kV
e |EC 62271-104 Switches for rated voltage of 52 kV and above

e |EC 62271-102 HV switchgear and controlgear - part 102: AC disconnectors and
earthing switches

e |EC 62271-200 HV switchgear and controlgear - part 200: A.C. metal-enclosed
switchgear and controlgear for rated voltages above 1 kV and up
to and including 52 kV
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* |EC 62271-203 HV switchgear and controlgear - part 203: Gas insulated metal-
enclosed switchgear for rated voltages 52 kV and above

e |EC 62271-209 HV switchgear and controlgear - part 209: Cable connections for
gas insulated metal-enclosed switchgear for rated voltages of 52
kV and above

3.2.2 British Standards

e BS 7884 Specifications for hard-drawn copper and copper cadmium
conductors for overhead power transmission purposes

* BSEN®G60383-2 Insulators for overhead lines with voltage greater than 1000V.
* BS 159 Specifications for HV busbars and busbar connections

* BS215S Specifications for aluminium conductors for overhead
transmission

* BSEN 13600 Specifications for high conductivity copper tubes for electrical
purposes

e BS 2898 Specifications for wrought aluminium for electrical purposes. Strip
with drawn or rolled edges.

* BS 3288 Insulator and conductor fittings for overhead power lines.
e BS 3938 Current Transformers

e BS6651 Lightning Protection

* BS 7354 Code of practice for design of HV open terminal stations.

3.3 Design Principles

331 General Requirement

3.3.1.1 The GIS shall be designed, manufactured and tested in accordance with the best international
engineering practices under strict quality control to meet the requirement stipulated in the
technical specification. Adequate safety margin with respect to thermal, mechanical, dielectric
stress and insulation coordination etc. shall be maintained during design, selection of raw
material, manufacturing process etc. so that the GIS provides long life with least maintenance.
The workmanship shall be of the highest quality and shall conform to the latest modern
practices for the manufacture of high technology machinery and electrical switchgear.

3.3.1.2 The GIS assembly shall consist of separate modular compartments e.g. Circuit Breaker
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compartment, Bus bar compartment filled with SF6 Gas and separated by gas tight partitions so
as to minimize risk to human life, allow ease of maintenance and limit the effects of gas leaks
failures & internal arcs etc. These compartments shall be such that maintenance on one feeder
may be performed without de-energising the adjacent feeders. These compartments shall be
designed to minimize the risk of damage to adjacent sections and protection of personnel in the
event of a failure occurring within the compartments. Rupture diaphragms with suitable
deflectors shall be provided to prevent uncontrolled bursting pressures developing within the
enclosures under worst operating conditions, thus providing controlled pressure relief in the
affected compartment.

The switchgear, which shall be of modular design, shall have complete phase isolation. The
conductors and the live parts shall be mounted on high graded epoxy resin insulators. These
insulators shall be designed to have high structural strength and electrical dielectric properties
and shall be free of any voids and free of partial discharge at a voltage which is at least 5%
greater than the rated voltage. These shall be designed to have high structural and dielectric
strength properties and shall be shaped so as to provide uniform field distribution and to
minimize the effects of particle deposition either from migration of foreign particles within the
enclosures or from the by-products of SF6 breakdown under arcing conditions.

All circuit breakers, disconnect switches and other component of GIS having identical rating
shall have identical and interchangeable parts and operating mechanism as far as possible.

Gas barrier insulators shall be provided so as to divide the GIS into separate compartments.
These shall be suitably located in order to minimize disturbance in case of leakage or
dismantling. They shall be designed to withstand any internal fault thereby keeping an internal
arc inside the faulty compartment. Further, it is prohibited to work adjacent to a gas
compartment while it is fully pressurized on the other side. For such cases, the gas pressure in
the adjacent compartments needs to be reduced.

The switchgear shall be of the free standing, self-supporting with easy accessibility to all the
parts during installation & maintenance with all high-voltage equipment installed inside gas-
insulated metallic and earthed enclosures. GIS manufacturer shall ensure the service continuity
requirement and GIS should be suitably sub-divided into individual arc and gas-proof
compartments preferably for:

i) Busbars

i) Intermediate compartment
Iii) Circuit breakers

IV) Feeder Disconnect Switch
V) Voltage Transformers

Vi) Gas Insulated bus duct section between GIS and XLPE cable/Overhead/
Conductor.

vil) Gas Insulated bus section between GIS & Oil filled Transformer/ Reactor (if
applicable)

Service continuity requirement:
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The GIS equipment with the given bus switching arrangement is divided into different
gas compartments. During the work such as a fault repair or major maintenance,
requiring the dismantling of a gas compartment for which more than one compartments
may need to be de-gassed. Working conditions, method statements and procedures are
to be furnished by the GIS manufacturer in order to ensure equipment and operating
personnel's safety and to achieve following Service continuity conditions to the extent
possible:

i) For One & half breaker bus switching scheme during a fault in CB compartment,
No bus bar and feeder is permitted out of service during maintenance and
repair/replacement.

i)  For Double Main bus switching scheme during a fault in CB compartment, No bus bar
permitted out of service during maintenance and repair/replacement.

iii)  During a fault in GIS compartment other than CB compartment, maximum one bus
bar and/or one feeder permitted out of service during maintenance and
repair/replacement.

3.3.1.8 The material and thickness of the enclosures shall be such as to withstand an internal flash over
without burns through for a period of 300 ms at rated short time withstand current. The material
shall be such that it has no effect of environment as well as from the by-products of SF6
breakdown under arcing condition. This shall be validated with Type Test.

3.3.1.9 Each section shall have plug-in or easily removable connection pieces to allow for easy
replacement of any component with the minimum of disturbance to the remainder of the
equipment. Inspection windows (View Ports) shall be provided for Disconnect Switch and both
type of earth switches i.e. Maintenance and fast operating.

3.3.1.10 The material used for manufacturing the switchgear equipment shall be of the type, composition
and have physical properties best suited to their particular purposes and in accordance with the
latest engineering practices. All the conductors shall be fabricated of aluminum/ copper tubes of
cross-sectional area suitable to meet the normal and short circuit current rating requirements.
The finish of the conductors shall be clean and smooth so as to prevent any electrical
discharge. The conductor ends shall be silver plated and fitted into finger contacts or tulip
contacts. The contacts shall be of sliding type to allow the conductors to expand or contract
axially due to temperature variation without imposing any mechanical stress on supporting
insulators.

3.3.1.11 Each pressure filled enclosure shall be designed and fabricated to comply with the requirements
of the applicable pressure vessel codes and based on the design temperature and design
pressures as defined in IEC-62271-203.

3.3.1.12 The maximum SF6 gas leakage shall not exceed 0.5% (half percent) per year for the whole
equipment and for any individual gas compartment separately. The SF6 gas leakage should not
exceed 0.5% per year and the leakage rate shall be guaranteed for at least 10 years. In case
the leakage under the specified conditions is found to be greater than 0.5% after one year of
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commissioning, the manufacturer will have to supply free of cost, the total gas requirement for
subsequent ten (10) years, based on actual leakage observed during the first year of operation
after commissioning.

3.3.1.13 Each gas-filled compartment shall be equipped with static filters, density switches, filling valve
and safety diaphragm. The filters shall be capable of absorbing any water vapor which may
penetrate into the enclosures as well as the by-products of SF6 during interruption. Each gas
compartment shall be fitted with non-return valve connectors for evacuating & filling the gas and
checking the gas pressure etc.

3.3.1.14 The switchgear when installed and operating under the ambient conditions shall perform
satisfactorily and safely under all normal and fault conditions. Even repeated operations up to
the permissible servicing intervals under 100% rated and fault conditions, shall not diminish the
performance or significantly shorten the useful life of the switchgear. Any fault caused by
external/internal reasons shall be positively confined to the originating compartment and shall
not spread to other parts of the switchgear.

3.3.1.15 The thermal rating of all current carrying parts shall be minimum for one second. for the rated
symmetrical short-circuit current.

3.3.1.16 The arrangement of the individual switchgear bays shall be such so as to achieve optimum
space-saving, neat and logical arrangement and adequate accessibility to all external
components.

3.3.1.17 layout of the substation equipment, bus bars and switchgear bays shall preferably be based on
the principle of “phase grouping”. Switchgear layout based on the “mixed phases” principle shall
not be accepted without mutual agreement between supplier and employer. The arrangement of
the equipment offered must provide adequate access for operation, testing, repair and
maintenance.

3.3.1.18 All the elements shall be accessible without removing support structures for routine inspections.
The removal of individual enclosure parts or entire breaker bays shall be possible without
disturbing the enclosures of neighboring bays and LCC panels.

3.3.1.19 It should not be possible to unwillingly touch live parts of the switchgear or to perform operations
that lead to arcing faults without the use of tools or brute force. All interlocks that prevent
potentially dangerous mal-operations, shall be constructed such that they cannot be operated
easily, i.e. the operator must use tools or brute force to over-ride them.

3.3.1.20 In general the contours of energized metal parts of the GIS and any other accessory shall be
such, so as to eliminate areas or points of high electrostatic flux concentrations. The surfaces
shall be smooth with no projection or irregularities which may cause visible corona. No corona
shall be visible in complete darkness which the equipment is subjected to specified test voltage.
There shall be no radio interference from the energized switchgear at rated voltage.

3.3.1.21 The GIS shall be designed, so as to take care of the VFT over voltages generated as a result of
pre-strikes and re-strikes during isolator operation. Maximum VFT over voltages peak shall not
be higher than rated lightning impulse withstand voltage (LIWV) of the equipment. Necessary
measures shall be under taken by GIS manufacture to restrict maximum VFT over voltages
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lower than the LIWV. Manufacturer shall submit the study report of VFTO generated for GIS
installation.

3.3.1.22 The enclosure shall be of continuous design and shall meet the requirement as specified in of
IEEE 80-2013 (special considerations for GIS). The enclosure shall be sized for carrying
induced current equal to the rated current of the Bus. The conductor and the enclosure shall
form the concentric pair with effective shielding of the field internal to the enclosure.

3.3.1.23 The fabricated metal enclosures shall be of Aluminum alloy having high resistance to corrosion,
low electrical loses and negligible magnetic losses. All joint surfaces shall be machined and all
castings shall be spot faced for all bolt heads or nuts and washers. All screws, bolts, studs and
nuts shall conform to metric system.

3.3.1.24 The elbows, bends, cross and T-sections of interconnections shall include the insulators bearing
the conductor when the direction changes take place in order to ensure that live parts remain
perfectly centered and the electrical field is not increased at such points.

3.3.1.25 The enclosure shall be designed to practically eliminate the external electromagnetic field and
thereby electro-dynamic stresses even under short circuit conditions. The average intensity of
electromagnetic field shall not be more than 50 micro-Tesla on the surface of the enclosure.

3.3.1.26 The switchgear shall have provision for connection with ground mat risers through copper
connections. This provision shall consist of grounding pads to be connected to the ground mat
riser in the vicinity of the equipment.

3.3.1.27 For GIS, wherever required, stairs, fixed ladder, platforms, and walkways for operation and
maintenance access to the operating mechanism and monitoring devices should be provided to
permit access. The structures shall be either aluminum or hot-dipped galvanized steel. All
structures, stairs, platforms, and walkways shall conform to the relevant occupational health and
safety regulations and designed in accordance with the latest industry standards and guidelines.
The platforms and walkways shall have anti-skid surfaces that can be walked on. Handrails
shall be provided where necessary. The GIS supplier shall provide 3-D arrangement drawing to
show the location of equipment and access to it.

3.3.1.28 In addition to above suitable portable scissor lift shall be provided for access of distant portion of
GIS installation.

3.3.1.29 New gasket, O-ring, sealant and desiccant shall be installed for permanent sealing of all
site/field assembled joints. No gaskets & no O-rings are to be reused for any permanent seal
broken or disturbed in the field/site.

3.3.1.30 The enclosure & support structure shall be designed such that person of 1780 mm in height and
80 kg in weight is able to climb on the equipment for maintenance.

3.3.1.31 The sealing provided between flanges of two modules / enclosures shall be such that long term
tightness is achieved.

3.3.1.32 Alarm circuit shall not respond to faults for momentary conditions. The following indications
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including those required elsewhere in the specifications shall be generally provided in the alarm
and indication circuits.

1) Loss of Gas Density

i) Any other alarm necessary to indicate deterioration of the gas insulating
system.

iii) Low operating pressure

IV) Loss of Heater power

V) Loss of operating power

Vi) Loss of control supply

vii) Pole Discordance.

3.3.1.33 The equipment will be operated under the ambient conditions defined in the Chapter 1.7.

3.3.1.34 Temperature rise of all current carrying parts and enclosures shall be limited to the values
stipulated in IEC-62271-1, under rated current and the climatic conditions as specified.

3.3.1.35 All cabinet heaters shall be rated for 230V AC (1-phase) supply and shall be complete with
thermostat, control switches and fuses, connected as a balanced 3-phase 4-wire load. The
heaters shall be so arranged and protected as to create no hazard to adjacent equipment from
the heat produced.

3.3.1.36 Bellows or Compensating Units: Adequate provision shall be made to allow for the thermal
expansion of the conductors & enclosures and for differential thermal expansion between the
conductors and the enclosures. The bellows metallic (preferably stainless steel) with suitable
provision for permitting the movement during expansion and contraction may be provided and
shall be of following types:

i. Lateral / Vertical mounting units: These shall be inserted, as required, between
sections of busbars, on transformer, shunt reactor and XLPE cable etc. Lateral
mounting shall be made possible by a sliding section of enclosure and tubular
conductors.

il. Axial compensators: These shall be provided to accommodate changes in
length of busbars due to temperature variations.

ili. Parallel compensators: These shall be provided to accommodate large linear
expansions and angle tolerances.

iV. Tolerance compensators: These shall be provided for taking up manufacturing,
site assembly and foundation tolerances.

V. Vibration compensators: These bellow compensators shall be provided for
absorbing vibrations caused by the transformers and shunt reactors when
connected directly to SF6 switchgear by oil- SF6 bushings.

Tender Document: Design, Supply, Erection, Testing & Commissioning of capacity enhancement and Capacitor Bank
installation with associated switchgear in existing grid substation. (Package-2, Lot-2)




86

3.3.1.37 The electrical connections across the bellows or compensating units shall be made by means of
suitable connectors. For sliding type compensators, markers/pointers shall be provided to
observe expansion or contraction during climatic conditions.

3.3.1.38 Indication and verification of switch positions: Indicators shall be provided on all circuit breakers,
isolators and earth-switches, which shall clearly show whether the switches are open or closed.
The indicators shall be mechanically coupled directly to the main contact operating drive rod or
linkages and shall be mounted in a position where they are clearly visible from the floor or the
platform in the vicinity of the equipment. Inspection windows shall also be provided with all
isolators and earth switches so that the switch contact positions can be verified by direct visual
inspection.

3.3.1.39 Pressure relief device: Pressure relief devices shall be provided in the gas sections to protect
the gas enclosures from damage or distortion during the occurrence of abnormal pressure
increase or shock waves generated by internal electrical fault arcs (preferably in downward
direction). Pressure relief shall be achieved either by means of diaphragms or plugs venting
directly into the atmosphere in a controlled direction. If the pressure relief devices vent directly
into the atmosphere, suitable guards and deflectors shall be provided.

3.3.1.40 Pressure vessel requirements: The enclosure shall be designed for the mechanical and thermal
loads to which it is subjected in service. The enclosure shall be manufactured and tested
according to the Pressure Vessel Code (ASME/CENELEC code for pressure Vessel.) The
bursting strength of Aluminum castings has to be at least 5 times the design pressure. A
bursting pressure test shall be carried out at 5 times the design pressure as a type test on each
type of enclosure. Each enclosure has to be tested as a routine test at 1.5 times the design
pressure for one minute.

3.3.1.41 Grounding:

3.1.1.1.1. The grounding system shall be designed and provided as per IEEE-80-2013
and CIGRE-44 to protect operating staff against any hazardous touch
voltages and electro-magnetic interferences.

3.1.1.1.2. The GIS supplier (contractor) shall define clearly what constitutes the main
grounding bus of the GIS. The contractor shall supply the entire material for
grounding bus of GIS viz conductor, clamps, joints, operating and safety
platforms etc. The contractor is also required to supply all the earthing
conductors and associated hardware material for connecting all GIS
equipment, bus ducts, enclosures, control cabinets, supporting structure, GIS
surge arrestor etc. to the ground bus of GIS.

3.1.1.1.3. The enclosure of the GIS may be grounded at several points so that there
shall be grounded cage around all the live parts. A minimum of two nos. of
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grounding connections should be provided for each of circuit breaker,
bushing terminals, surge arrestors, earth switches and at each end of the bus
bars. The grounding continuity between each enclosure shall be effectively
interconnected either internally or externally with Copper/Aluminum bonds of
suitable size to bridge the flanges. Subassembly to subassembly bonding
shall be provided to bridge the gap & safe voltage gradients between all
intentionally grounded parts of the GIS assembly & between those parts and
the main grounding bus of the GIS.

3.1.1.1.4. Each marshaling box, local control panel, power and control cable sheaths
and other non- current carrying metallic structures shall be connected to the
grounding system of GIS via connections that are separated from GIS
enclosures.

3.1.1.1.5. The grounding connector shall be of sufficient mechanical strength to
withstand electromagnetic forces as well as capable of carrying the
anticipated maximum fault current without overheating. At least two
grounding paths shall be provided to connect each point to the main
grounding bus. Necessary precautions should be under taken to prevent
excessive currents from being induced into adjacent frames, structures of
reinforcing steel and to avoid establishment of current loops via other station
equipment.

3.1.1.1.6. All flexible bonding leads shall be tinned copper. All connectors, for attaching
flexible bonding leads to grounding conductors and grounding conductors to
support structures shall be tinned bronze with stainless steel or tinned
bronze hardware.

3.1.1.1.7. The contractor shall provide suitable measure to mitigate transient enclosure
voltage caused by high frequency currents due to by lightning strikes,
operation of surge arrestor, phase to earth fault and discharges between
contacts during switching operation. The grounding system shall ensure safe
touch & step voltages in all the enclosures.

3.1.1.1.8. Best patterns for GIS earthing and bonding include the following:

i. All earthing conductors should be as short as possible.

ii. The earthing mesh and links should be in a position of conduct the system’s
fault currents without violating the thermal and mechanical boundaries.

ii. All exposed earthing conductors should be saved against mechanical
destruction and placed so as not to present a “trip hazard” to operation staff.

iv. Adequate earthing and bonding methods, such as more conductors or
voltage limiters, are needed at all separations within the GIS equipment. This
includes SF6 gas-to-air links, SF6 gas-to-cable links, SF6 gas-to-oil links,
and where GIB exits the building.

v. Make sure all metallic building spaces, GIS support structures, and GIS
maintenance platforms are adequately earthed.

vi. GIS building slabs should include an imbedded GIS earthing mesh and
reinforced steel, which should be bonded to the earthing mesh every 3
meters in both directions.
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vii. All secondary cables should be shielded with both ends of each cable shield
earthed to mitigate potential electromagnetic interference.

3.3.1.42 UHF sensors for PD detection:

Adequate number of UHF sensors shall be provided in the offered GIS for detection of
Partial discharge (of 5 pC and above) as per IEC 60270. The number and location of
these sensors shall be based on laboratory test on typical design of GIS as per
recommendations of CIGRE Document No. 654 (Application Guide for Sensitivity
Verification for UHF Partial Discharge Detection System for GIS). Offered numbers and
location of UHF sensors shall be submitted based on above said criteria along with
attenuation calculation for approval of the employer. Further UHF sensors shall
necessarily be provided in close proximity to VT compartments. In case during site
testing, additional UHF sensors are required, the same shall also be supplied & installed
to complete the technical requirement. The calibration and frequency response of PD
couplers shall be as per NGC Technical Guidance note TGN (T) 121, issue 1, 1997.
Data sheet shall be submitted for the UHF couplers meeting this requirement.

3.3.1.43 GIS Building & GIB layout: [Not Applicable]

GIS Building & GIB shall be designed based on the following criteria

3.1.1.1.9. The buildings shall house each voltage class Gas Insulated Switchgear (GIS)
and other associated equipment inside each of the GIS buildings. GIS
building(s) shall be constructed for the specified number of bays/diameters
as per section project.

3.1.1.1.10. For finalizing the dimensions of GIS building the requirement of Turning
radius to rotate the largest removable component for assembly/disassembly
shall be taken in to consideration.

3.1.1.1.11. Wherever GIS Building of already exists, then the existing GIS
Building(s) for respective voltage class shall be suitably extended keeping
the width of the building same to accommodate the number of bays/diameters
as specified in the Technical Specification.

3.1.1.1.12. The contractor shall submit the design & construction proposal of the
building along with necessary information, data, and drawings during the
detailed engineering according to the complete requirements.

3.1.1.1.13.  The contractor shall finalize the dimensions of GIS Building according to
the equipment offered by them providing enough space & access for erection,
operation and maintenance.

3.1.1.1.14.  The contractor shall place their panels i.e. Bay level units, bay mimic,
relay and protection panels, RTCC panels, Communication panels etc. in a
separate Relay Panel Room in the GIS building. The size of the room shall be
such that all the panels for the bays/ diameters as per clause 16.1 shall be

Tender Document: Design, Supply, Erection, Testing & Commissioning of capacity enhancement and Capacitor Bank
installation with associated switchgear in existing grid substation. (Package-2, Lot-2)




89

accommodated in the above room. The panel room shall be air-conditioned.
Further, the temperature of the room shall be monitored through substation
automation system by providing necessary temperature transducers.

3.1.1.1.15. Maximum weight of gas in a gas tight section of GIB shall not exceed 400
kg (for 400 kV)/ 250 kg (for 230 kV & 132 kV).

3.1.1.1.16. GIB shall be generally in horizontal layer. However, in exceptional
circumstance GIB in vertical layers can be provided with the approval of
employer.

3.1.1.1.17. The minimum vertical ground clearance of GIB at road crossing shall be
5.5 meters.

3.1.1.1.18. The horizontal clearance between GIB and GIS building /any other
building wall shall be preferably three (3) meters.

3.1.1.1.19. The GIB route inside the GIS Hall shall not obstruct easy access to GIS
and control room buildings and shall not obstruct movement of crane,
equipment including HV test equipment for maintenance works.

3.1.1.1.20. The GIB clear height outside the GIS hall in switchyard area shall be
minimum 3.5 meter, so as not to obstruct easy access to GIB, movement of
crane for maintenance work.

3.1.1.1.21. Optimization of outdoor GIB length using overhead AIS connection with
Bus Post Insulator of respective voltage class is generally acceptable subject
to meeting the electrical clearances as stipulated.

3.1.1.1.22. For the maintenance of GIB of one circuit, only that circuit shall be
isolated. Adequate clearance between bus ducts of two circuit shall be
ensured by the contractor during layout finalization.

3.1.1.1.23. GIS manufacturer as per their design shall preferably use maximum
three standard straight horizontal outdoor bus duct lengths for entire GIS
installation to optimize the spare requirement.

3.3.1.44 Extension of GIS

3.1.1.1.24. The arrangement of gas sections or compartments shall be such as to
facilitate future extension of any make without any drilling, cutting or welding
on the existing equipment. To add equipment, it shall not be necessary to
move or dislocate the existing switchgear bays.

3.1.1.1.25. As the GIS s likely to be extended in future, during detailed engineering
stage, the contractor shall make available the complete design detail of
interface module such as cross section, enclosure material, enclosure
dimensions (inner & outer), Flange diameter (inner & outer), conductor cross-
section & connection arrangement, bolt spacing & dimension, rated gas
pressure, Gasket detail etc. Further GIS manufacturer supplying GIS under
present scope shall furnish all the required details in addition to mentioned
above necessary for design and successful implementation of an interface
module during later stage while extending GIS by any other GIS
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manufacturer, without any help of GIS manufacturer who has supplied the
GIS equipment in present scope.

3.1.1.1.26. The Interface module shall be designed to provide Isolating link with
access hole on enclosure. The Isolating link shall be provided in such a way
so that HV test can be performed on either side of the interface module
separately, keeping other side of GIS remained isolated. Interface Module
drawing with necessary detail shall be submitted for approval.

3.1.1.1.27. Further the contractor who is extending the existing GIS installation, it
shall be his responsibility to provide interface module matching with the
existing GIS interface module. The drawing of existing GIS interface/end piece
module shall be provided by the employer. However it shall be the
responsibility of contractor to verify the existing details during site visit. The
Contractor shall optimally utilize the space inside the GIS hall (including the
extension portion) for accommodating the interface module being supplied
under the contract.

3.3.1.45 SF6 GAS

3.1.1.1.28. The SF6 gas insulated metal-clad switchgear shall be designed for use
with SF6 gas complying with the recommendations of IEC 60376, 60376A &
60376B, at the time of the first charging with gas. All SF6 gas supplied as part
of the contract shall comply with the requirements of IEC & should be suitable
in all respects for use in the switchgear under all operating conditions.
Necessary statutory clearances from concerned authorities for import of the
Gas and for storage of the Gas shall be obtained.

3.1.1.1.29.  The high pressure cylinders in which SF6 gas is supplied & stored at site
shall comply with the requirements of standards & regulations.

3.1.1.1.30. SF6 gas shall be tested for purity, dew point, air, hydrolysable fluorides
and water contents as per IEC:60376, 60376A & 60376B and test certificates
shall be furnished to the Employer indicating all test results as per IEC
standards for each lot of SF6 gas. Further site tests for dew point and purity
shall be done during commissioning of GIS. Gas bottles should be tested for
leakage during receipt at site.

The contractor shall indicate diagnostic test methods for checking the quality of gas in
the various sections of GIS during service. The method proposed shall have as a
minimum check the moisture content & the percentage of purity of the gas on annual
basis.
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The contractor shall also submit clearly the precise procedure to be adopted by
maintenance personnel for handling equipment that are exposed to the products of
arcing in SF6 Gas so as to ensure that they are not affected by possible irritants of the
skin and respiratory system. Recommendations shall be submitted for suitable protective
clothing, method of disposal of cleaning utensils and other relevant matters.

The contractor shall also indicate the details and type of filters used in various gas
sections, and should also submit the operating experience with such filters.

3.1.1.1.31. SF6 gas monitoring devices and alarm circuits: Dial type temperature
compensated gas density monitoring devices with associated pressure gauge
will be provided. The devices shall provide continuous & automatic
monitoring of gas density. A separate device shall be provided for each gas
tight compartment so that it can be monitored simultaneously as follows:

3.1.1.1.31.1. “Gas REé€fill level”: This will be used to annunciate the need for the gas
refilling. The contractor shall provide a contact for remote indication.

3.1.1.1.31.2. “SF6 low level”: This will be used to annunciate the need for urgent gas
filling. A contact shall be provided for remote indication.

3.1.1.1.31.3. “Breaker Block level”: This is the minimum gas density at which the
manufacturer will guarantee the rated fault interrupting capability of the
breaker. At this level the breaker block contact shall operate and the closing
& tripping circuit shall be blocked.

The density monitor/pressure switch contacts shall be in accordance with the above
requirement.

It shall be possible to test all gas monitoring relays/devices without de-energizing
the primary equipment & without reducing pressure in the main section. It shall also
damp the pressure pulsation while filling the gas in service, so that flickering of the
pressure switch contacts does not take place.

3.1.1.1.32. Gas Supply: The contractor shall include the supply of all SF6 gas
necessary for filling & putting into operation the complete switchgear
installation being supplied. The empty gas cylinders shall be returnable to the
contractor.

3.3.1.46 The normal operations will be affected from the National Load Dispatching Centre (NLDC). The
Bidder shall take into consideration the unmanned operation of the substation in his design.
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3.3.1.47 Control facilities shall be simple and clearly designated with the respective function and
instructions on operation and maintenance shall be unambiguous.

3.3.1.48 The following provisions shall be made for control and indications:

3.1.1.1.33. Local control cubicle to equipment - control of circuit breakers,
disconnectors and earthing switches where power operated, complete with
electrical indications, mimic diagram, gauges and alarm annunciator.

3.1.1.1.34. Remote control panel in the protection room on each substation site -
control of circuit breakers, disconnectors and earthing switches where power
operated, complete with electrical position indications, mimic diagram in each

instance.

3.1.1.1.35. Local SCADA system in the control room on each substation site —
supervisory control and monitor all equipment.

3.1.1.1.36.  Supervisory control from NLDC - provision of control of circuit breakers

and disconnectors switches where power operated, with position indication
in each instance.

3.3.1.49 All necessary local/remote and remote/supervisory control relays, interposing relays and
selector switches are to be provided as part of this Contract.

3.3.1.50 Circuit identifying labels shall be fitted at the front and rear of each individual circuit assembly
and on the local control cubicle. In case of labels not visible when standing on the floor,
additional name plate shall be fixed at a suitable location.

3.3.1.51 A single line diagram shall be marked along each bay showing the location of all items of
switchgear.

3.3.1.52 In the event of leakage of SF6 gas from any compartment, equipment shall withstand rated
voltage with SF6 at atmospheric pressure.

3.3.1.53 The insulation levels shall be able to withstand test voltages in accordance with the relevant
standards for Synchronizing operations for Breakers.

3.3.1.54 Busbar connections and enclosures shall be designed to absorb the effects of thermal
expansion without the application of stress to the supporting structure.

3.3.1.55 Equipment foundation requirement details complete with floor and structure fixings consistent
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with the switchgear design offered are to be provided at an early stage in order for these to be
incorporated in the civil works design.

3.3.1.56 Painting: All enclosures and structures, panels supplied by Contractor shall be painted (or
galvanized) as per manufacturer’s procedure.

3.3.2 Availability for Maintenance, Repair, Extensions, Testing

3.3.2.1 Maintenance, repair or extension (MRE) and HV testing on one busbar with directly connected
apparatuses shall be possible with the other busbar in normal operation.

3.3.2.2 MRE testing on one switchgear bay shall be possible with all other switchgear bays in normal
operation on one busbar.

3.3.2.3 MRE testing on/of bus coupler bay shall be possible with one busbar at the time in normal
operation and all switchgear bays in normal operation.

3.3.2.4 Maintenance access to each module shall be possible without necessitating the outage of
adjacent modules.

3.3.2.5 GIS design shall consider Appropriate Buffer zone and section in Busbar & GIS compartment
suitable for best MRE practice so as to minimize the interruption zone & time during MRE. The
proposal shall be approved by the employer during execution. Any modification required thereof
in the GIS design, shall be done without any commercial implication.

3.3.3 Design Review and Performance

3.3.3.1 Design Review

3.1.12.1.1. Design reviews shall be conducted by Employer; however, the entire
responsibility of design shall be with the supplier.

3.1.12.1.2. Employer may also visit to the supplier's works to inspect design,
manufacturing and test facilities.

3.1.12.1.3.  The design review will commence after placement of award with the
successful contractor and shall be finalized before commencement of
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manufacturing activity. These design reviews shall be carried out in detail to
the specific design with reference of the GIS under the scope of this
specification. Employer reserve the right to waive off the design review during
detailed engineering.

3.1.12.1.4. The design review shall be conducted generally following the, “User
Guide for the application of Gas Insulator Switchgear (GIS) rated voltage of
72.5kV and above” — CIGRE report No. 125 prepared by CIGRE Working
Group 23.10.

3.1.12.1.5. The manufacturer will be required to demonstrate the use of adequate
safety margins for thermal, mechanical, dielectric, insulation coordination and
vibration etc. design to take into the account the uncertainties of his design
and manufacturing processes.

3.1.12.1.6. The scope of such a design review shall at least include the following:
3.1.12.1.6.1.
3.1.12.1.6.2.
3.1.12.1.6.3.
3.1.12.1.6.4.
3.1.12.1.6.5.
3.1.12.1.6.6.
3.1.12.1.6.7.

Dielectric Stress of Solid Insulation like Gas Barrier, support insulator etc.
Dielectric stress of SF6 Gas Volume.

Mechanical strength of enclosure, expansion joints etc.

Criteria for providing expansion joint.

Sealing system

Insulation coordination

Thermal stress and resulting increase in gas pressure during short circuit
condition.

Earthing of enclosure w.r.t circulating current.

Seismic design, as per IEC 62271-207

3.1.12.1.6.8.
3.1.12.1.6.9.

3.1.12.1.6.10.
3.1.12.1.6.11.
3.1.12.1.6.12.
3.1.12.1.6.13.
3.1.12.1.6.14.
3.1.12.1.6.15.
3.1.12.1.6.16.
3.1.12.1.6.17.
3.1.12.1.6.18.
3.1.12.1.6.19.
3.1.12.1.6.20.
3.1.12.1.6.21.
3.1.12.1.6.22.
3.1.12.1.6.23.

3.1.12.1.7.

Circuit Breaker.

Isolator and Earth switch.
Voltage transformer.
Current Transformer.
Surge Arrester.

Bushing.

Ducting.

Corrosion protection.
Electrical and physical Interfaces with substation.
Testing capabilities.
Inspection and test plan.
Transport and storage.
Maintainability.

Site Test.

Further, the manufacturer shall furnish the following information during

detailed engineering:
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3.1.12.1.7.1. Study report of VFTO generated for GIS installation for 400 kV and above.

3.1.12.1.7.2. Calculation for adequacy of UHF sensors to be provided in GIS Installation
as per clause no 5.41.

3.1.12.1.7.3. The calculations and documents in support of the average intensity of
electromagnetic field on the surface of the enclosure.

3.1.12.1.7.4. Calculations to show that there is no Ferro resonance due to capacitance of
GIS for the voltage transformers.

3.1.12.1.7.5. Calculations in support of touch & step voltages in all enclosures and
earthing of complete GIS installation.

3.1.12.1.7.6. Measures to mitigate transient enclosure voltage by high frequency
currents.

3.1.12.1.7.7. The acceptance criteria and limits of impact (of impact recorder) in all three
directions which can be withstood by the equipment during transportation
and handling.

3.3.3.2 Performance

3.1.12.1.1.  The switchgear shall be suitable for indoor installation and capable of
continuous operation under the climatic conditions existing on site.

3.1.12.1.2. It shall be designed to comply with this Specification and relevant IEC and
British Standards where applicable. Deviations from these Specifications and
Standards shall be stated by the bidder.

3.1.12.1.3. In all cases the ancillary plant necessary to complete installation of the
equipment shall be included in the Contract.

3.1.12.1.4.  The disposition of plant in any substation is to be such that the operation
of any item of plant under the specified service conditions, shall in no way
create a condition that could adversely affect the performance of adjacent
circuit breakers or any associated equipment.

3.1.12.1.5.  The Contractor is to ensure that the complete substation installation will
satisfy the requirements of this Specification and the appropriate Standards in
respect of insulation, fault levels, mechanical stress etc., and any additional
equipment found to be necessary to meet these requirements shall be
deemed to have been included in the Contract Price.

3.1.12.1.6.  The layout and design of plant and equipment on substation sites shall
make provision for the future extensions shown on the layout drawings and
shall provide for ready access for operation, maintenance and extension whilst
the remaining sections of equipment are alive.
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3.1.12.1.7. Electrical clearances provided between isolated equipment and nearest
live metal work shall not be less than the distance data as mentioned in sub-
clause 1.6 of this specification.

3.1.12.1.8. Insulation creepage distances shall not be less than 31 mm per kV of
rated voltage between phases.

3.1.12.1.9. The Contractor shall be responsible for ensuring that insulation co-
ordination in accordance with the recommendation of IEC 60071 is achieved.

3.1.12.1.10. Dynamic and temporary overvoltage shall be assumed to be in
accordance with normally accepted IEC levels and subject to the approval of
the Engineer.

3.1.12.1.11. VFTO analysis using CAD tool shall be submitted to Employer/Engineer
for approval. No production shall be initiated before approval of the insulation
coordination report.

3.3.4 Current Ratings

3.1.12.2. Every current-carrying part of the switchgear including circuit breakers,
disconnectors, current transformers, busbars, connections, contacts and joints
shall be capable of carrying its specified rated current at rated frequency
continuously, and in no part shall its temperature rise exceed that specified in
relevant standards.

3.1.12.3. Every part of the switchgear shall also withstand, without mechanical or thermal
damage, the rated instantaneous peak currents and rated short-time current.

3.3.5 Corona

Equipment shall be designed so as to minimize corona or other electrical discharge and radio
interference. The Contractor is to confirm and ensure the adequacy of design in terms of corona
performance. Tests for corona and radio interference shall be carried out by the Contractor as
per the relevant IEC standard.

3.3.6 Local, Remote and Supervisory Control

3.1.12.4. Circuit breakers and motorized disconnectors shall be electrically controlled
locally, remotely and by supervisory telecontrol.
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3.1.12.5. Position indication of these devices shall be provided on their operating

mechanisms and the Contractor shall include the supply and fitting of the
necessary auxiliary switches for remote position indication.

3.1.12.6. For supervisory telecontrol, the interface between the telecontrol control

3.4

3.4.1

3411

3.4.1.2

3.4.1.3

3.4.1.4

3.4.1.5

3.4.1.6

equipment and the control equipment being provided under this contract shall be
as specified in Section 14

GIS Switchgear (GIS)

General

The switchgear shall be of the SF6 gas insulated metal-enclosed type capable of continuous
operation under the climatic conditions existing at the Site. The Busbar scheme for 420kV GIS
shall be one&half scheme and 245kV & 145kV GIS shall be double busbar.

Busbar Disconnectors are required to facilitate the changeover of individual circuits from one
busbar to the other with the circuit on load and a bus coupler closed.

The arrangement of the switchgear shall be such that all units face in the same direction and
particular emphasis is placed on the provision of adequate clearance between chambers and
between adjacent bays to facilitate maintenance.

The design of the switchgear shall be such as to enable extensions to be added at either end
with the minimum of disturbance to the installed equipment and with one busbar in service.
Suitable arrangement shall be provided with the switchgear for H.V. test to keep the outage of
the existing switchgear to a minimum.

The design shall include all facilities necessary to enable the performance of the specified site
checks and tests during pre-commissioning & commissioning tests and after any repair &
maintenance. The Contractor shall state the test facilities provided and indicate any attachments
or special equipment provided for this purpose.

Gas Compartments

3.4.1.6.1 The switchgear units and busbar systems shall be divided into several gas-filled

compartments, sealed from each other by gas-tight partitions.

3.4.1.6.2 The various gas zones shall be further sub-divided when necessary to restrict any

internal arcing damage, particularly within sections of busbars and to enable gas
handling procedures to be completed with the minimum of delay. The partitions
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should confine any internal faults to a respective section of the switchgear.

The number of gas compartments shall be such as to limit the amount of switchgear
which has to be isolated and taken out of service as a result of gas leakages, planned
maintenance or internal faults.

Proposals for the partitioning of gas zones shall be clearly indicated on the drawings
submitted with the tender and the same shall be taken approval from the Employer
during execution of the project. Partitioning on the GIS shall be clearly marked with
yellow paint on the GIS. Gas volumes and duration of gas handling procedures shall
also be indicated in the technical schedules. Each gas zone shall have its own gas
monitoring, filling, degassing, re-gassing & gas sampling facility.

Total time for gas evacuation and filling of the largest chamber shall not exceed 10 hours
at site.

Suitable arrangements shall be provided for the thermal expansion and contraction of
the busbars and busbar chambers without detriment to the current carrying capacity
or gas volume.

Devices shall be provided for each section of switchgear as appropriate to allow for
pressure relief. All relief devices shall be located such that operation of the devices
shall not endanger personnel working on the equipment or in the vicinity of the
equipment.

These devices shall be arranged to give individual compartment alarms in the local
control units and initiation of remote alarms. Each gas-filled chamber shall be fitted
with static filters to absorb any moisture which may be present. In addition, filters for
removal of SF6 decomposition products shall be provided in Circuit Breaker
compartments.

For circuits equipped with double cable isolation, provision shall be made to remove
the gas from either cable chamber whilst maintaining the other cable in service. i.e.

Gas monitoring of the chamber in service shall be maintained at all times.

In chambers equipped for cable sealing ends a disconnecting link must be provided to
allow easy isolation between the cable sealing end and the main connections. It must
be possible to remove this link without removal/refitting of the main connections
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3.4.1.6.12 In order to compensate for any small variations in floor level each compartment shall
be fitted with means of adjustment (jacking screws or similar). Such adjustments shall
be fully described in the maintenance manuals provided by the manufacturer. In case
such arrangements do not exist, it shall be the responsibility of the manufacturer to
ensure acceptable floor level tolerance.

3.4.1.6.13 Enclosures shall be clearly marked to identify gas compartment zones, disconnectors,
circuit-breakers, earthing switches, current transformers, voltage transformers, surge
arresters and other primary devices contained therein.

3.1.1.1. Gas Barrier and Supporting Insulators

° Gas barriers shall be gas tight and of sufficient strength and factor of safety to
withstand short circuit forces and the maximum pressure differential that can
occur under internal fault conditions. The gas barrier withstand pressure shall
be more than that of bursting disc. It should be possible to vacuum, any
chamber with adjacent chambers at operation pressure.

3.1.1.2. Enclosures

° The enclosures for the SF6 gas insulated switchgear shall be of Aluminum or
Aluminum Alloy.

° It shall be capable of withstanding maximum differential pressure between
adjacent gas zone over a considerable period. Evidence shall be provided to
verify that enclosures have been designed and tested in accordance with
established pressure vessel codes.

° Each enclosure shall be tested based on the issuing the test
certificate according to ASTM/IEEE/IEC and stamped by the inspecting
authority issuing the test certificate.

° Circuit-breakers, isolators, earth switches, VTs, CTs, surge arresters, cable
termination chambers, all and any other chambers and components shall have
pressure tests on enclosures as per IEC 62271-203 clause 7.101. The
withstand pressure of the enclosures shall be well over the bursting disc
operation pressure and shall be embossed on all the enclosures at a
conspicuous location.

° Voltages induced in the enclosures shall not be allowed to exceed reasonable
safe limits. All chambers throughout the equipment shall be earthed at an
approved number of points. All necessary earthing bars and associated fixings
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shall be provided. Approved GIS earthing drawings are to be supplied from the
manufacturer of the GIS.

° Each enclosure shall be provided with lifting points to facilitate maintenance or
repair works.

3.1.1.3. SF6 Gas

° All SF6 gas supplied for use in the switchgear shall be new and shall comply
with the requirements of IEC 60376. Test Reports shall be submitted for
review.

° Busbars and items of switchgear shall be supported in the enclosures by
insulators of materials compatible with SF6 gas and the products of gas
decomposition.

° Gas barrier insulators and bushings including gas-oil and gas-air bushings
shall comply with the specified conditions for sealing of enclosures. The
Engineer shall be advised of design pressures used and may require test
evidence to substantiate performance under extremes of differential pressure
and temperature. SF6 immersed insulation shall otherwise comply with the
relevant clauses for insulators and bushings.

3.1.1.4. Gas Monitors

° Gas density monitors complete with alarm and lockout contacts or
manometers with pressure switch for alarm and lockout shall be provided. The
gas monitor shall be located such that readings can be taken easily standing
on the floor. Means shall be provided to enable gas systems to be safely
replenished whilst the equipment is in service.

° For circuit breaker compartments, a lockout feature shall be provided to
prevent operation whenever SF6 gas pressure is less than that permitted by
the design for satisfactory operation. Contacts shall be included to initiate
alarms to warn of this condition.

° Two sets of voltage free electrical changeover contacts shall be provided for
every alarm for remote SCADA and repeat alarm facilities in addition to alarm
fascias incorporated in the local control panel/marshalling kiosk associated
with each primary circuit. Contact multiplying relays may be used.

Tender Document: Design, Supply, Erection, Testing & Commissioning of capacity enhancement and Capacitor Bank
installation with associated switchgear in existing grid substation. (Package-2, Lot-2)




101

3.1.1.5. Position Indicators

° Position indicators shall be provided for all circuit-breakers, disconnectors and
earthing switches to show whether the main contacts of these switches are in
the fully open or closed positions. Position indicator should be directly coupled
with shaft drive for all three phases.

° Indicators shall be of a reliable mechanical design and be positively driven in
both directions by the final drive stage of the contact operating mechanism.
Reference marks should be punched or engraved on the main frame for this
purpose. Each indicator shall be clearly visible to operating staff at operating
control points and access routes provided under this contract.

3.1.1.6. Temperature Rise

° The temperature rise limits shall be in accordance with IEC62271-203. The
switchgear shall be capable of carrying the specified rated current at rated
frequency continuously in accordance with normal service conditions as
defined in IEC 62271-1 as well as site ambient conditions.

° The design of sliding type current carrying connectors and joints shall be such
that they meet the afore-mentioned conditions over the full permitted range of
movement. Where such joints may be made or adjusted on Site, full details of
alignment procedure, together with any necessary alignment tools or gauges
shall be described in the maintenance manual and included in the supply of
special tools.

3.1.1.7. Arrangement

° The switchgear shall be installed in a building with a cable basement, both
being maintained at a slight positive pressure of filtered air such that any SF6
gas released in the building will be discharged externally via pipes from the
lowest point.

° The Contractor shall supply the necessary permanent type of ladders and
galleries for access to all levels of equipment during normal operation or
maintenance.

° The Contractor shall include in his supply power operated lifting appliances
with all accessories as appropriate to the size and weight of component parts
of the switchgear which require to be lifted in the course of maintenance or
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repair. The layout arrangement shall allow for full mobility of the gas handling
plant ladders, catway walks etc. along the switch room.

° The offer shall include complete special equipment for each GIS Substation:

3.1.1.7..1. Fixed platform suitable to reach any equipment,

3.1.1.7..2. Handles of manual operation of CB, D/S, E/S and

3.1.1.7..3.  any special tool required for the operation of the switchgear.

3.1.1.7.4. 2 nos. of 63 A sockets shall be provided in the GIS room at suitable location
for the gas handling plant and HV test set.

3.1.1.8. Mechanical Construction

° Components that may require to be renewed and standard assemblies that
may be transferred from one circuit to another shall be interchangeable and
where required this shall be demonstrated by the contractor. Flanges shall
comply with an appropriate metric standard as regards both dimensions and
drilling, where appropriate.

° Screwed couplings and fittings shall have pipe threads to [SO
Recommendations.

3.1.1.9. Testing Facilities

° Testing flanges/adaptor and associated facilities shall be provided for each
circuit for HV withstand testing of switchgear. Each testing flange shall be
positioned in a separate gas zone compartment which shall be independent of
adjacent disconnector and earthing switch gas sections.

° A set of facility for connection to the switchgear shall be provided which will
permit the full AC testing of all circuits.

° It shall be possible to connect the test equipment without dismantling other
equipment and permit testing three single phase at the same time or
separately by connecting the test bushing to the AC high voltage test kit fitted
at a suitably safe place inside the switchgear room.

° Adequate precautions shall be taken to ensure that any section of busbars
insulated by SF6 gas is not subjected to any testing voltage unless able to
withstand such voltages. Hence the bidder shall indicate if there is any
deviation.

Tender Document: Design, Supply, Erection, Testing & Commissioning of capacity enhancement and Capacitor Bank
installation with associated switchgear in existing grid substation. (Package-2, Lot-2)




103

° The Contractor shall be responsible for the de-gassing, removal of the any
chamber links at the remote ends, and re-gassing to facilitate HV Tests and
Primary Injection.

° Once the tests are complete the de-gassing, insertion of the links and re-
gassing shall be completed thus allowing normal operation of the switchgear.
This shall include replacement of gaskets as necessary.

3.1.1.10. Sealing of Enclosures

° To prevent ingress of moisture or leakage of gas during the service life of the
equipment, the sealing materials used at all joints and interfaces shall satisfy
the following requirements:

3.1.1.10..1. Not affected by SF6 gas

3.1.1.10..2. Non-hygroscopic, containing no silicon
3.1.1.10..3. Non-aging and non-shrinking

3.1.1.10..4. Retain resilience for long periods under stress
3.1.1.10..5. Stable under all temperature conditions

° Seals including those at compartment partitions shall continue to function
correctly throughout the temperature and pressure ranges in service and the
pressure differentials, including vacuum and test pressures, during erection,
maintenance and subsequent revisions.

° Expansion bellows and diaphragms, pressure relief devices and inspection
windows shall be designed to be free of leakage under the same conditions as
stated for seals.

° Where the use of cast aluminum is envisaged the Manufacturer shall submit to

PGCB evidence of tests carried out for porosity and extended pressure testing
to show the quality of the castings used.

3.1.1.11. Gas Losses

° The Manufacturer should be prepared to guarantee the equipment for a gas
loss of not more than 0.1% per annum in any single gas compartment, and not
more than 0.5% for the total installation.

3.1.1.12. Earthing System

° All metal parts other than those forming part of any electrical circuit shall be
earthed to the earthing system. Any necessary terminals on part of the
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equipment required for this purpose shall be provided by Contractor. The
jointing parts of the earthing conductors/strips are to be properly tinned.

3.1.1.13. Partial Discharge

° A portable PD measuring and analyzer shall be provided in each substation.
And appropriate numbers of sensors (PD antennas) inside the GIS shall be
installed.

3.1.1.14. Gas Handling Equipment

° Gas handling plant shall be provided at each substation to permit emergency
topping up of gas in the switchgear in the event of leakage and for use during
any maintenance works.

° The mobile gas handling unit, the size of which shall allow full mobility within
the switch room, shall be included for the complete sampling, testing, filtering,
drying, extraction and refilling of SF6 gas. This unit shall be self-contained and
comprise of a wheeled trolley housing all necessary compressors, vacuum
pumps, filter, etc. gauges, piping and controls etc., together with a gas storage
tank with usable capacity. The unit shall be capable of evacuating air from the
switchgear compartments and replenishing them with gas at the end of a
maintenance period. Facilities shall also allow for circulation of the gas from a
compartment through filters in order to extract moisture pressure.

° Additional mobile or static storage (at least one full cylinder of SF6 gas
together with one empty cylinder) shall be provided for use in combination with
the gas trolley and to extend storage facilities.

° All necessary pipe work, flexible hoses, couplings, valves, pressure and
vacuum gauges shall be included to enable interconnection between the
switchgear compartments, gas trolley and storage tanks and the cylinders
provided by major producers of SF6 gas.

° To enable safe maintenance to be carried out on any portion of the switchgear
when all electrical supplies to the local control unit are switched off two
portable gas alarm units shall be provided. The alarm units shall be self-
contained and capable of giving clear audible warning should the gas pressure
in any adjoining gas-filled chamber become unsafe. The cost of this
equipment shall be included in the GIS price.

° Technical Data:
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Vacuum Pump

Nominal suction capacity m3/h

Achievable final vacuum < Imbar

Compressor

Theoretical. intake volume 3 m3/h
p = 0,75 to 3 bar (for a

Suction pressure short time up to 0, 5
bar)

Max. counter-pressure p= 50 bar

Storage performance 100 kg SF6

Filling performance 120 kb SF6/h

° An approved portable SF6 gas leakage detector, oxygen analyzer, moisture

meter and manual operating handles/tools (for circuit breakers, disconnectors,
earth switches) shall be provided for each substation.

3.1.1.15. Nameplates

° Nameplates should have data written in English language(example of CB):

An insulating gas system nameplate with legends showing various gas zones and
compartments, piping, interconnections, valves, gauges, monitors, and pressure reliefs
should be mounted in a convenient, central location. Many times this location can be near or
on an LCC. This nameplate should also provide the nominal (rated) and alarm ranges for
gas density, the total weight of gas in the complete GIS or gas compartments, maximum
allowable moisture (referenced to a temperature range), and curves showing maximum,
rated, alarm and minimum functional pressure versus temperature.

. GIS common nameplates

Nameplates of the following types shall be furnished in a convenient, central location to
provide information for operation and maintenance. These nameplates shall be clearly
readable and located in an appropriate and accessible location.

. GIS ratings nameplate

The ratings nameplate shall state to which of the GIS equipment the ratings apply. The GIS
ratings nameplate shall contain the following information.
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a) Manufacturer’'s name, type and designation, and serial number

b) Year of manufacture

¢) Rated maximum voltage (V) or (Ur)

d) Rated lightning impulse withstand voltage (Up)

e) Rated switching impulse withstand voltage (Us), (if applicable)

f) Rated power-frequency withstand voltage (Ud)

g) Rated power frequency (fr)

h) Rated maximum and minimum ambient temperature

i) Rated continuous current (Ir) at maximum ambient temperature

j) Rated short-time withstand current (Ik) and duration

k) Rated peak withstand current (Ip)

) Rated supply voltage of closing and opening devices and of auxiliary circuits (Ua)
m) Rated supply frequency of closing and opening devices and of auxiliary circuits
n) Contract order number

. One-line diagram nameplate

The one-line diagram nameplate shall show the following information if applicable:

a) Circuit breakers

b) Disconnect switches

¢) Grounding switches

d) Instrument transformers

e) Bushings

f) Power cable connections

g) Buses

h) Surge arresters

i) Employers’ SCADA identification numbers

When the installation is an expansion of an existing substation, the one-line diagram shall show
and identify the existing equipment and the new equipment as specified by the Employer.
The one-line diagram nameplate may be combined with the insulating gas system nameplate
(5.10.1.3)

. Insulating gas system nameplate

The insulating gas system nameplate shall contain the following information:

a) Complete gas system schematic including compartmentalization, (including compartment
designation), showing location and device number of:

1) Gas density monitors

2) Pressure gauges

3) Interconnections between gas compartments
4) Valves: fill, evacuation, sampling, isolation

5) Pressure relief location and operating pressure
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b) Weight of gas in each compartment and total weight of gas in the GIS at rated filling pressure
(at

20 °C)

c¢) Curves for gas showing maximum, rated filling, alarm and minimum functional pressures
versus

temperature

d) Maximum allowable moisture level (ppmv)

e) Insulating gas type

f) Insulating gas pressure (at 20 °C), identified in either absolute or relative values:

1) Rated filling pressure
2) Alarm pressures
3) Minimum functional pressure

3.1.1.16. GIS equipment nameplates

Main GIS equipment and operating devices shall be provided with nameplates which are
located on the equipment themselves or in a conspicuous adjacent area.

When common information of the GIS is stated on the ratings nameplate (5.10.1.1), individual
equipment nameplates can be simplified.

Equipment nameplates shall provide information according to its relevant standard. As a
minimum, the information in the following sections is required:

o Circuit breakers

The nameplates for circuit breakers (and their operating mechanisms) shall contain the
information described in FEEE-Std-E37-04- In addition it shall contain the following:

a) Insulating gas pressure (at 20 °C), identified in either absolute or relative
values:

1) Rated filling pressure

2) Alarm pressures

3) Minimum functional pressure

o Disconnect switches

The nameplates for disconnect switches (and their operating mechanisms) shall contain the
following information:

a) Manufacturer’'s name, type and designation, and serial number

b) Year of manufacture

¢) Rated maximum voltage (V or Ur)

d) Rated power-frequency withstand voltage (Ud)

e) Rated lightning impulse withstand voltage (Up)
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f) Rated switching impulse withstand voltage (Us) (if applicable)
g) Rated power frequency (fr)

h) Rated continuous current (Ir)

i) Rated short time withstand current (Ik) and duration

j) Rated peak withstand current (Ip)

k) Rated bus charging breaking current

[) Rated bus-transfer current and voltage

m) Rated filling pressure (pre) at 20 °C

n) Rated auxiliary voltage (Ua)

. Grounding switches

The nameplates for grounding switches (and their operating mechanisms) shall contain the
following information:

a) Manufacturer’'s name, type and designation, and serial number
b) Year of manufacture

¢) Rated maximum voltage (V or Ur)

d) Rated power-frequency withstand voltage (Ud)

e) Rated lightning impulse withstand voltage (Up)

f) Rated switching impulse withstand voltage (Us) (if applicable)

g) Rated power frequency (fr)

h) Rated short-time withstand current (Ik) and duration

i) Rated peak withstand current (Ip)

j) Rated short-circuit making current (high-speed grounding switches)

k) Rated number of closings before maintenance at rated short-circuit making current
(high-speed

grounding switches)

[) Rated closing time (high-speed grounding switches)

m) Rated filling pressure (pre)

n) Rated auxiliary voltage (Ua)

0) Electrostatically induced current interruption rating (Class A and B high-speed
grounding

switches)

p) Electromagnetically induced current interruption rating (Class A and B high-speed
grounding switches).

. Operating mechanisms

The nameplates for GIS equipment operating mechanisms may be combined with the
equipment nameplates

The operating mechanism nameplates shall contain the following information:

a) Manufacturer’'s name, type and designation, and serial number

b) Year of manufacture

¢) Control voltage range and current

d) Compressor, hydraulic pump, spring charging motor or operating motor voltage range

e) Compressor, hydraulic pump, spring charging motor or operating motor starting and running
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currents
f) Low-pressure alarm switch closing and opening pressure (if applicable)
g) Low-pressure lock-out switch opening and closing pressure (if applicable)

. Surge arresters

The nameplates for surge arresters shall contain the information described in applicable surge
arrester standards. As a minimum, they shall contain the following information:

a) Manufacturer’'s name, type and designation, and serial number

b) Year of manufacture

¢) Maximum continuous operating voltage (MCOV)

d) Duty cycle voltage rating

e) Nominal discharge current

f) Identification of assembled position (vertical or horizontal)

g) Nominal gas pressure (at 20 °C)

o Current transformers

The nameplates for current transformers shall contain the information described in IEEE Std
C57.13 and IEC 60044-1. As a minimum, they shall contain the following information:

a) Manufacturer’'s name, type and designation , and serial number
b) Year of manufacture

¢) Rated frequency

d) Accuracy class and the ratio for which the accuracy is expressed
e) Rated maximum voltage (if applicable)

f) Rated lightning impulse withstand voltage (if applicable)

g) Rated switching impulse withstand voltage (if applicable)

h) Rated primary current

i) Rated secondary current

j) Rated continuous thermal current factor and the associated ambient temperature
k) Rated thermal short-time current

[) Nominal gas pressure (at 20 °C)

m) A connection diagram showing:

1) Full winding development
2) Taps
3) Ratio in terms of primary and secondary currents
4) Polarity

. Voltage transformers

The nameplates for voltage transformers shall contain the information described in IEEE Std
C57.13 and IEC 60044-2. As a minimum, they shall contain the following information

a) Manufacturer’'s name, type and designation , and serial number

b) Year of manufacture
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¢) Rated power frequency

d) Rated primary voltage

e) Rated lightning impulse withstand voltage

f) Rated switching impulse withstand voltage (if applicable)

g) Rated power-frequency withstand voltage

h) Ratio or ratios

i) Thermal burden rating or ratings at ambient temperature or temperatures, in voltamperes (VA)
j) Accuracy rating at thermal burden rating

k) Nominal gas pressure (at 20 °C)

[) A connection diagram

. High-voltage cable terminations

The nameplates for high-voltage cable terminations shall contain the information described in
IEEE Std 48. As a minimum, they shall contain the following information:

a) Manufacturer’'s name, type and designation, and serial number
b) Year of manufacture

¢) Rated maximum voltage (Ur)

d) Rated lightning impulse withstand voltage (Up)

e) Rated switching impulse withstand voltage (if applicable) (Us)
f) Rated power-frequency withstand voltage (Ud)

g) Rated maximum and minimum ambient temperature

h) Rated continuous current (Ir) at maximum ambient temperature
i) Rated short-time withstand current (Ik)

j) Rated duration of short-circuit (tk)

k) Rated peak withstand current (Ip)

[) Nominal gas pressure (at 20 °C)

m) Maximum allowable force applied in any direction at the external terminal

. Bushings

The nameplates of gas to oil bushings and gas to air bushings shall contain the information
described in IEEE PC37.017, Draft 4, February 2010. As a minimum they should contain the
following information:

a) Manufacturer’s name, type and designation, serial number

b) Year of manufacture

¢) Rated maximum voltage (Ur)

d) Rated lightning impulse withstand voltage (Up)

e) Rated switching impulse withstand voltage (if applicable) (Us)
f) Rated power-frequency withstand voltage (Ud)

g) Rated maximum and minimum ambient temperature

h) Rated continuous current (Ir) at maximum ambient temperature
i) Rated short-time withstand current (Ik) and duration

j) Rated short-circuit current (rms) and duration (tk)

k) Rated peak withstand current (Ip)
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I) Rated oil-side pressure (applicable to gas to oil bushings only)

m) Nominal gas pressure (at 20 °C)

n) Maximum allowable force applied in any direction at the external terminal
0) Maximum angle of mounting if exceeding 30 degrees from vertical

p) Weight

g) Voltage tap, capacitance C1 and C2 (if applicable)

3.4.2 Circuit Breakers

3.4.2.1 The requirements of IEC 62271-100 in respect of type tests, routine tests, service, operation
and the making and breaking of fault currents shall apply to the specified circuit breakers.

3.4.2.2 Circuit breakers shall be complete with spring or hydraulic or spring hydraulic operated
mechanisms.

3.4.2.3 Attention is drawn to the transient recovery voltage (TRV) requirements of the IEC Standards.
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where not specifically stated in the test certificates submitted with the Tender, the Tenderer
shall certify that the TRV to which the circuit breaker was subjected during the short circuit tests
was the most severe condition that could be imposed by the available test plant for a first
phase-to-clear factor of 1.3. Also, GIS(CB) manufacturer shall submit the EMTP study report for
TRV.

Any device incorporated in a circuit breaker to limit or control the rate-of-rise of restriking voltage
across the circuit breaker contacts shall likewise be to PGCB's approval and full descriptions of
any such device shall be given.

Evidence shall be submitted with the tender to verify that all circuit breakers when interrupting
faults on the secondary side of a transformer the transient recovery voltage conditions, that
could arise will not exceed the tested interrupting capabilities of the circuit breaker proposed.

In addition to the requirements of IEC 62271-100 for interrupting terminal faults all circuit
breakers shall be capable of coping with the interrupting duties produced by the switching of low
inductive currents associated with reactors and transformer magnetizing currents and by the
switching of capacitive cur-rents associated with overhead lines, cables and capacitors banks
as may be applicable. Circuit breakers for these duties shall be of the restrike-free type only.

All circuit breakers shall also be capable of interrupting currents associated with short-line faults
and the out-of-phase switching conditions that may occur in service.

The overall fault clearance time including relay operating time shall be in accordance with the
requirements specified in this specification.

Facilities for measurement of circuit breaker contact resistance and timing tests without removal
of covers or SF6 gas filling shall be provided. Full details of the testing procedures shall be
submitted with the Bid.

3.4.2.10 Means shall be provided to allow access for the inspection and maintenance of fixed and

moving contacts and other enclosed components.

3.4.2.11 Circuit breakers use the SF6 gas conforming to IEC or other approved standard as the

insulating medium as well as for arc quenching.

3.4.2.12 Circuit breakers shall operate on the principle of self-generating gas pressure within the

interrupter for arc extinction. e.q puffer type. A lockout feature shall be incorporated to prevent
operation of the circuit breaker whenever the gas pressure falls to a value below which it would
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be incapable of performing in accordance with rated duty. A pressure switch (temperature
compensator type) operated SF6 low in CB alarm shall be incorporated at LCC, Remote Control
centre as urgent feeder alarm at SCC to give indication of falling gas pressure prior to lockout of
the circuit breaker. All lockout relays used for CB shall be of Europe/USA or equivalent origin.

3.4.2.13 Suitable facilities shall be included for gas sampling and for draining and replenishing the gas
volume for maintenance. Absorption of moisture and the decomposition products of arcing or
discharge in the gas shall be achieved by integral filters.

3.4.2.14 Sufficient nos. of N/O and N/C auxiliary electrical contacts shall be provided for using
interlocking circuits and for states indication at the remote and supervisory control centres and
any other requirement. At least 10% spare N/O and N/C contacts shall be wired up to LCC for
future use by PGCB.

3.4.2.15 Operating Mechanisms

3.4.2.15.1 The circuit breaker operating mechanism shall be power operated and of the type specified.
Operation will normally be from a remote or supervisory position but facilities shall be
provided for operation locally by electrical release and by direct manual release from stored
energy devices when the circuit breaker is isolated for maintenance. It shall be possible to
padlock each local control function in the open position. Operation counters shall be fitted to
all circuit breaker mechanisms.

3.4.2.15.2 The mechanism and its control scheme shall be such that, in the event of an electrical
tripping pulse being applied to the circuit breaker during the closing stroke, or of the
mechanism falling to latch in the closed position, the circuit breaker shall open fully and in
such a manner as to be capable of interrupting its rated breaking current.

3.4.2.15.3 The mechanism and its control scheme shall be such that the mechanism shall not make
repeated attempts to close the circuit breaker when the control switch is held in the CLOSE
position in the event of failure to latch on the first closing attempt or in the event of a trip
signal being given to the circuit breaker i.e. anti-pumping facility to be provided.

3.4.2.15.4 The electrical closing and tripping devices, including direct acting solenoid coils and solenoid
operated valves, shall be capable of operation over the ambient temperature range when the
voltage at their terminals is any value within the voltage range stipulated in IEC 62271-100
and in addition over the range of all operating conditions of the batteries and chargers
supplied under this Contract.

3.4.2.15.5 The circuit breaker shall be driven by a single mechanism coupled to the three phases or by
three mechanisms coupled to each phase separately.
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All circuit breaker operating mechanisms shall be fitted with independent duplicate shunt trip
coils suitable for independent operation.

Power closing mechanisms shall be recharged automatically for further operations as soon
as the circuit breaker has completed the closing operation and the design of the closing
mechanisms shall be such that the circuit breaker cannot be operated inadvertently due to
external shock forces resulting from short-circuits, circuit breaker operation, or any other cause.

Operating mechanisms shall be capable of storing energy for at least two complete closing
and tripping operations or one O-C-O operation, local to the equipment and without
recharging. Mechanisms shall preferably utilize DC supplies for recharging duties.

Means shall be provided for the CB manual (non-electrical) tripping of the circuit breaker,
preferably by a shrouded push button and facilities shall be provided for locking off this
means of tripping. It shall not be possible to lock mechanically the trip mechanism so as to
render the electrical tripping inoperative. Facilities shall be provided to permit manual slow
closing and slow opening of the circuit breaker for maintenance purposes. It shall not be
possible to "slow close" or "slow open" a circuit breaker when connected in the normal
service condition.

3.4.2.15.10Spring Charged Mechanisms

Circuit-breakers fitted with power charged spring operated closing mechanism shall also meet the
following requirements.

When fully charged the spring mechanism shall have sufficient stored energy
to permit the operating sequence O-C-O or 2 C-O to be performed following
the loss of supply to the charging motor.

The mechanism shall be charged automatically, for further operations, as soon
as the circuit breaker has completed a closing operation. The time required to
power charge the spring shall not exceed 30 seconds.

The spring shall be fully charged before it can be released to close the circuit
breaker. It shall not be possible for the breaker to close whilst the spring is
being charged.

Manual Spring charging facility shall be provided.
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° A mechanical indicating device shall be provided to indicate the state of the
spring. The indication shall be visible with the doors of the mechanism cabinet
closed. An auxiliary switch shall give the remote indication of "spring
discharged".

° An indicating device shall be provided at the local control panel and the main
control room and also over the supervisory system to indicate a spring failing
to be charged by a pre-set time after circuit breaker closing.

3.4.2.15.11 Hydraulically Operated Mechanisms

° Hydraulically operated mechanism shall comprise of operating unit with power
cylinder, control valves, high and low pressure reservoir, motor etc.

° The hydraulic oil used shall be fully compatible for the temperature range to be
encountered during operation.

° The oil pressure switch controlling the oil pump and pressure in the high
pressure reservoir shall have adequate no. of spare contacts, for continuous
monitoring of low pressure, high pressure etc. at switchyard control room.

° The mechanism shall be suitable for at-least two close open operations after
failure of AC supply to the motor starting at pressure equal to the lowest
pressure of auto reclose duty plus pressure drop for one close open operation.

° The mechanism shall be capable of operating the circuit breaker correctly and
performing the duty cycle specified under all conditions with the pressure of
hydraulic operated fluid in the operating mechanism at the lowest permissible
pressure before make up.

° Trip lockout shall be provided to prevent operations of the circuit breaker
below the minimum specified hydraulic pressure. Alarm contacts for loss of
Nitrogen shall also be provided.

° All hydraulic joints shall have no oil leakage under the site conditions and
joints shall be tested at factory against oil leakage.

3.4.2.16 Controlled Switching Device (CSD)

3.4.2.16.1 400kV & 230kV Circuit Breaker shall be equipped with controlled switching device
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with consequent optimization of switching behavior, when used in:

i)  Switching of transformer (from 400kV and 230kV side circuit breakers only)
i) Switching of shunt reactor

3.4.2.16.2 The CSD shall be provided in 400kV/230kV Circuit breakers for controlling
transformers and reactors (i.e. for breakers of switchable line reactor and in Main& Tie
circuit breakers of Transformers, Transmission lines with non-switchable line reactors
and Bus reactors). The requirement of CSD shall be explicitly specified in price
schedule.

3.4.2.16.3 Technical Requirement for Controlled switching device:

i) The CSD shall be designed to operate correctly and satisfactorily with the
excursion of auxiliary A/C & DC voltages and frequency.

i)  The CSD shall meet the requirements of IEC-61000-4 16 class IV regarding HF
disturbance test and fast transient test shall be as per IEC-61000 — 4-4 level IV and
insulation test as per 60255 — 5.

iii) The CSD shall have functions for switching ON & OFF the circuit breakers.

IV) The CSD shall get command to operate the breakers manually or through auto
reclose relay at random. The controller shall be able to analyze the current and
voltage waves available through the signals from secondaries of CTs & VTs for
the purpose of calculation of optimum moment of the switching the circuit breaker
and issue command to circuit breaker to operate.

V) The CSD shall have an adaptive control feature to consider the next operating time
of the breaker in calculation of optimum time of issuing the switching command.
In calculation of net operating time of the breaker the controller must consider all
factors that may affect the operating time of the breaker such as, but not limited
to, ambient temperature, control voltage variation, SF6 gas density variations etc.
Schematic drawing for this purpose shall be provided by the contractor. The
accuracy of the operating time estimation by the controller shall be better than +
0.5 ms.

vi) The CSD shall have communication port to facilitate online communication of the
control switching device with SCADA directly on 61850 or through gateway which
shall be under present scope.

vil) The CSD shall be PC compatible for the setting of various parameters and down
loading of the settings and measured values date time of switching etc. Window
based software for this purpose shall be supplied by the contractor to be used on
the owner’s PC.

viil) The CSD shall be suitable for current input of 1 amp from the secondary of the
CTs. and 110 V (Ph to Ph) from the VTs. The controller shall withstand transient
and dynamic state values of the current from the secondary of the CTs and VTs.
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IX) The CSD shall have time setting resolution of 0.1 ms or better.

X) The CSD shall have sufficient number of output/input potential free contacts for
connecting the monitoring equipment and annunciation system available in the
control room. Necessary details shall be worked out during engineering the
scheme.

Xi) The CSD shall also record and monitor the switching operations and make
adjustments to the switching instants to optimize the switching behavior as
necessary. It shall provide self-diagnostic facilities, signaling of alarms and enable
downloading of data captured from the switching events.

Xil) The provision for bypassing the Controlled switching device shall be provided
through BCU and SCADA both so that whenever, the CSD is not healthy due to
any reason (including auxiliary supply failure), uncontrolled trip/close command
can be extended to the circuit Breaker. Alternatively, in case of any nonoperation
of the CSD after receiving a close/trip command after a pre-determined time delay,
the CSD should automatically be bypassed so as to ensure that the trip and close
commands are extended to the Trip/Close coils through subsequent command.

Xiii) The CSD shall be provided with a communication port to facilitate online
communication of the CSD with Substation automation system directly on IEC
61850 protocols. If the CSD does not meet the protocols of IEC 61850, suitable
gateway shall be provided to enable the communication of CSD as per IEC 61850.

3.4.3 Disconnectors and Earthing Switches

3.4.3.1 Disconnectors including the Earthing Switches shall be supplied as shown on the con-tract
drawings and as indicated in the Schedules. Each DC and E/S shall be labeled with SCADA
numbers as per SLD by providing permanent engraved stickers.

3.4.3.2 High speed make-proof earthing switch shall be provided as per the single line diagram.

3.4.3.3 Load making and breaking switches with fault making capability shall be provided which shall be
suitable for switching on load without detriment to the equipment and under normal duties up to
the circuit rating specified.

3.4.3.4 Switch mechanisms shall be so designed that the isolator cannot be opened by forces due to
currents passing through it and shall be self-locking in any positions. The mechanism shall open
and close all three phases simultaneously.

3.4.3.5 Power operated drives shall be provided which shall be suitable for local, remote and
supervisory control (supervisory control of earth switches is not required) and should be fitted
with a removable emergency manual operation facility. It should be possible to lock-off the
manual and local facility and pad-lock the mechanism in the open and closed positions with the
motor automatically disengaged (isolator and earth switch).
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Transparent window shall have to be provided as required to see the Disconnector and Earth
switch contact status (Close or Open).

For safe earthing of the busbars and feeders, high speed fault making spring driven earth
switches shall be provided. The mechanisms shall be electrically operated with provision for
local manual operation. The contacts of these earth switches shall have the same fault making
capability as that of the circuit-breaker.

Each section of busbar which can be electrically isolated from other sections of busbar by
means of isolators or circuit-breakers shall incorporate high speed earthing switches as
specified above.

Slow speed maintenance earthing switches shall be manually and electrically operated. Positive
mechanical and electrical interlocks shall be provided to prevent unintentional use of this
earthing equipment.

3.4.3.10 All earthing switches shall be arranged such that, with a minimum use of tools and special

fittings, they may be used to facilitate such tests as CT primary injection, contact timing and
voltage drop measurement without the necessity to open gas-filled compartments.

3.4.3.11 Sufficient nos. of N/O and N/C auxiliary electrical contacts shall be provided for using in

3.4.4

3441

3.44.2

3.44.3

interlocking circuits and for status indications at the remote and supervisory control centres and
any other requirement. At least 10% spare N/O and N/C contacts shall be wired up to LCC for
future use by PGCB.

High Speed Earthing Switches

These earthing switches shall be capable of making onto a live circuit and suitable for high
speed power operation. It shall be impossible to slow close these earthing switches.

They shall be located at all feeder terminal points and busbars or other location where there is
no certainty that the point to be earthed is not energized.

High speed earthing switches shall be capable of interrupting induced currents as may be
necessary when opening the earthing switches used for grounding one out of two or more long
parallel circuits.
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3.4.4.4 The operating mechanism of High Speed Earthing Switches shall be motor wound spring

3.4.45

3.4.4.6

3.4.4.7

3.4.5

3.45.1

3.45.2

3.453

3.454

operated type with one of the following features:

The closing spring shall remain in discharged position when the switch contacts
are in open position. The closing spring shall be charged only when the closing
command is given either electrically or manually and the contacts shall close
automatically after the spring is fully charged.

If earthing switch is provided with the design in which closing spring is charged
and latched in the open & close position of the switch, then mechanical locking
arrangement shall be provided to avoid un-intentional closing of the switch either
electrically or manually.

In both the designs, facility for padlocking the mechanism in the open position of the switch shall
be provided.

Facilities integral with the earthing switch for primary current injection or low voltage checks
shall be insulated from earth and incorporate a dis-connectable earth strap.

These earthing switches shall otherwise be in accordance with the requirements for
maintenance earthing switches.

Transformers

Current transformers shall be supplied suitable for the duty specified and comply with the
requirements of IEC 60044-1 and BS 3938 as appropriate.

Current transformers, where specified, shall be SF6 gas insulated, shall be compatible with the
switch-gear and shall preferably not contain any hygroscopic insulating material which could
affect the SF6 gas in either the current transformer or in the associated switchgear chamber.

Current transformers shall comply with the requirements of the common sections of this
Specification. Where separate terminal boxes are used for current transformer secondary
wiring, the identifying labels shall be fitted to the terminal boxes in a conspicuous position but
not on removable covers.

Current transformers including primary conductors shall have a short time current rating and
duration not less than that of the associated switchgear. All current transformers shall have
sufficient overload capacity to permit continuous operation.
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Secondary windings of each current transformer shall be earthed through a withdrawable link at
one point only; in the relay panel for protection circuits and in the control panel for
instrumentation.

Current transformers for tariff metering shall not be used for any other purpose. Current
transformers for statistical metering may also be used for other instruments and protection.

Where double ratio secondary windings are specified a label shall be provided at the secondary
terminals of the current transformer indicating clearly the connection required for either ratio.
These connections and the ratio in use shall be shown on the appropriate schematic and
connection diagrams.

CT sizing calculations shall be submitted to the PGCB for approval.

Where multiple ratios are specified and current transformers with multiple windings are
tendered, it-shall be possible to select either ratio for each winding without alteration to the
number of primary turns.

The characteristics of current transformers used for protection circuits shall include the following
requirements.

For overcurrent protection, they shall not saturate, change ratio or produce
harmonic voltages in the secondary winding which will affect the accuracy of the
relay with primary currents up to 20 times rates full load current.

For earth fault protection and balanced forms of protection, when connected as
in-service, they shall not produce spill currents in excess of half the minimum
operating current of the relay but provide stable equipment with primary currents
up to 20 times rated full load.

(c) Each protection scheme shall be provided with appropriate current
transformers for optimum operation of the scheme. Provision should be made to
carry primary injection test of bushing CTs for 100% rating.

Terminal boards shall have shorting/disconnecting links to allow testing with the circuit in service
and on load. It shall be possible to carry out primary injection testing of the CTs with 100%
rating when the switchgear is fully assembled, or retesting of the CTs during the service life of
the switchgear without interruption of supply to adjacent circuits or any part of busbar. The
testing facilities provide in the design for site testing shall be stated by the Tenderer.

The contractor should clearly mention the continuous rating of earth switches and their
associated cables for the purpose of primary injection tests. The secondary windings of each set
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of current transformers shall be capable of being open circuited for one minute with the primary
winding carrying the rated current. The secondary wiring of all CT's shall be brought to a
common terminal block located within the local control cubicle.

3.4.5.13 The polarity of the primary and secondary windings of each transformer shall be clearly

indicated at the respective terminals and in addition labels shall be fitted in a readily accessible
position to indicate the ratio, class and duty of each transformer winding.

3.4.5.14 Neutral CT for REF protection and any other CTs which require to be matched with switchgear

3.4.6

3.4.6.1

3.4.6.2

3.4.6.3

3.46.4

3.4.6.5

3.4.6.6

3.4.6.7

CTs will be manufactured by switchgear manufacturers and hand over to transformer
manufacturer for installation. Suitable mounting arrangement is to be made by the transformer
manufacturer.

Voltage Transformers

Indoor voltage transformers, where specified, shall be SF6 gas insulated, shall be compatible
with the switchgear and shall preferably not contain any hygroscopic insulating material which
could affect the SF6 gas in either the voltage transformer or in the associated switchgear
chamber.

Voltage transformers shall comply with the common sections of this Specification, comply with
the requirements of IEC 60044-2 and shall be provided with requirement mentioned in
Appendix.

The rated secondary voltage per phase shall be 110/V3 volts in the case of star connected
windings and the rated voltage factor shall be 1.2 continuous; 1.5 for 30 seconds.

Facilities for isolating the primary connections without having to lift the VT from the switchgear
shall be provided. This primary isolation shall be without degassing.

It shall not be possible for voltage transformer secondary windings to be connected directly in
parallel, except through interposing voltage transformers associated with a synchronizing
scheme. To prevent any possibility of back energizing a VT secondary winding via
synchronizing circuits, circuit breaker auxiliary contacts which are of the late make-early break
type shall be employed.

Voltage transformers shall be capable of carrying continuously, without thermal damage 150%
of their rated output.

Voltage transformers on feeder circuits shall be located on the feeder side of the circuit breaker
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outside the protected zone covered by the busbar protection. They shall however be included in
the protected zone afforded by the feeder protection.

3.4.6.8 Primary connections shall have the same short time current rating as the associated switchgear.

3.4.6.9 Each secondary winding of the voltage transformers shall be protected by suitable approved
fuses and links which shall be located as close as possible to the voltage transformer,
preferably within the terminal box. All secondary winding connections, including both ends of the
secondary winding shall be brought out to the fuses and links. The fuses and links shall be
connected to approved terminal blocks for termination of multicore cables. A metallic label shall
be provided and fixed at the voltage transformer clearly indicating the connections required for
each winding.

3.4.6.10 Separate sets of MCBs shall be provided at the VT for:

i. Each protection scheme
ii. Instruments, disturbance recorder, fault locator etc.
iii. Synchronizing

3.4.6.11 The circuits for each main protection scheme shall be segregated in separate multi-core cables
from the VT to the protection panels. An alarm (VT. failure) shall be provided for each set of
MCB:s.

3.4.6.12 The neutral point of each voltage transformer secondary circuit shall be earthed at one point
only via a separate removable link of approved design. The earth link shall be situated in an
accessible position and suitably labelled.

3.4.6.13 Fixed ladders and/or cat walk structures with handrails are to be provided for the VTs for
inspection/testing/replacement of fuse, etc.

3.4.6.14 Mechanical shock indicators shall be fitted to VTs prior to dispatch from the factory, to indicate
how the VT was handled during transit and to determine if detailed inspection is required at Site.

3.4.6.15 Electromagnetic voltage transformers shall be capable of discharging the capacitance of line,
cables and switchgear which may remain connected to them during switching operations. The
Tenderer shall declare any limitations of the equipment for this duty.

3.4.6.16 The contractor shall ensure that no disruptive over voltages will be generated due to ferro-
resonance phenomena and if necessary, by suitably connecting resistors across the secondary
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of VT after approval of PGCB. All necessary site tests are to be performed on VTs before
commissioning. Details of the test procedures and test formats are to be provided.

Bushing and Feeder and Transformer Connections

Where stated in the Schedule of Requirements, GIS are to be provided with bushing insulators
to connect facilities as drawings.

All bushings shall comply with IEC 60137, 61639, 62271 & 60815.

The current rating of each bushing shall be equal or greater than the current it will carry at the
maximum rating.

Approved suppliers of bushings are ABB (Sweden, Switzerland), Trench (France/USA), HSP
(Germany), (and/ as specified in Appendix of Requirement).

Bushing outline drawings with stud sizes identified shall be submitted with GIS approval
drawings. 4-hole IEC bushing terminal connectors shall be supplied for each bushing.
Connectors shall be tinned copper-bronze and finished on both sides. Cut sheets shall be
provided showing materials, dimensions and current rating of terminal connectors. Type test of
the Busing for Short circuit force withstand capability shall be submitted with the Bid and the
same shall be submitted during execution for approval.

On all condenser bushings, a tapping shall be brought out to a separate terminal for testing
purposes on site.

Special precautions shall be taken to exclude moisture from paper insulation during
manufacture, assembly, transport and erection.

The minimum creepage distance for outdoor bushings shall not be less than 25mm per kV of
rated voltage between phases.

Bushings shall be of sealed construction suitable for service under the very humid conditions at
Site and, additionally, for the very rapid cooling of equipment exposed to direct sunlight when
this is followed by sudden heavy rainstorms.

3.4.7.10 Typical sections of bushing insulators showing the internal construction, method of securing the

top cap and methods of sealing shall be included in the Bid.
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3.4.7.11 Connections shall be suitable for the specified continuous and short circuit current ratings.

Where necessary, expansion joints shall be provided to accommodate differential movements
between the switch-gear phase terminals and conductors.

3.4.7.12 The Contractor is required to coordinate design of SF6 filled enclosures such that the integrity of

gas and/or oil pressure compartments is maintained.

3.4.7.13 To reduce the effect of solar gain all SF6 or other types of insulated bus ducts exposed to direct

3.4.8

3.4.8.1

3.4.8.2

3.4.8.3

3.48.4

3.4.9

3.49.1

3.4.9.2

sunlight shall be covered with metallic sun shielding, for part of outdoor installation.

Surge Arresters (Gas type)

Surge arresters in GIS shall be of the type metal oxide arresters without gaps complete with
surge counters and shall fulfill requirements as per IEC 60099-4, IEC 60099-5 and PGCB
specification.

If the additional Surge Arresters are required different from the Surge Arresters proposed on the
Single Line Diagrams, those Surge Arresters have to provided free of change and included in
the final Bid price.

SF6 gas pressure monitors for the surge arresters shall comply with clause 3.3.1 and 3.3.7.

Bus bar (GIB)

The bus ducts shall be of the phase isolated or three phase enclosed type as required by design
of manufacturer. However, phase isolated design is preferable for HV level (i.e., 230kV &
above).

The SF6 enclosures shall be constructed from the same materials as the bus bar enclosures
provided with the main GIS switchgear. The materials used shall prevent overheating at the
specified rated cur-rents. To reduce the effect of solar gain, all SF6 insulated bus duct exposed
to direct sunlight may be covered with metallic sun shielding as per the Owner’s request. The
bus duct shall be complete with all components, enclosures, gas seals, gas monitors, gas
compartments, gas filters, gas barrier and sup-porting insulators. The design of the bus ducts
shall make full allowance of the thermal expansion associated with the switchgear, bushings
and any other equipment between which the bus ducts are connected. The Contractor shall fully
co-ordinate the requirements of the SF6 insulated bus duct connections between the GIS
switchgear feeders and the overhead line landing gantries, especially with regards to the
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differential settlement of the concrete floors of the switchgear room and the bus duct supporting
structures

The bus ducts and their supports shall be designed and tested for the specified rated normal
and short time currents and for the maximum system voltage and specified test voltages. The
ducts and their supports shall include any nonmagnetic material or insulation necessary to
prevent overheating or the induction of over-voltages in the secondary circuits.

The GIL shall be supplied & assembled by the manufacturer of GIS. GIL length shall be counted
from the end of the last GIS equipment toward line/transformer feeder entry to the bottom of the
bushing at the GIL terminal for each phase of each circuit.

Local Control Cubicle

3.4.10.1 Each circuit breaker bay shall be provided with a local control cubicle containing local control

switches and a mimic diagram for the operation and semaphore for status indication of the
circuit breaker and all associated isolators and earth switches together with selector switches to
prevent local and remote and supervisory controls being in operation simultaneously. Closing of
the circuit breaker from the local control unit shall only be available when the breaker is isolated
for maintenance purposes. Local control cubicle shall be suitable for installation in a separate
place or mounted with the GIS bay. Status indications in the local control cubicle shall be
semaphore type or LED type.

3.4.10.2 Circuit breaker control position selector and operating control switch shall be installed in the

local control cubicle, while electrical emergency trip push button is to be provided at GCB
mechanism. Circuit breaker control from this position will be used under maintenance and
emergency conditions only. The emergency trip push buttons shall be properly shrouded.

3.4.10.3 If a disconnector or earth switch is not the fully open or closed position a "Control Circuit Faulty"

alarm shall be initiated, and electrical operation shall be blocked. Local manual release facilities
shall be pro-vided for closing and tripping the circuit-breaker. The operation of both releases
shall be subject to lockout if insufficient stored energy is available. Local manual releases shall
be provided with locking off facilities.

3.4.10.4 Sufficient electrical terminals shall be provided for the termination and interconnection of all

cabling associated with remote and supervisory control, alarms, indications, protection and local
ring main sup-plies. Where control cabling between the local control cubicle and the switchgear
are connected by plug and socket boxes, the plugs and sockets shall not be interchangeable.
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3.4.10.5 Hydraulic and SF6 auxiliary equipment necessary for the correct functioning of the circuit
breakers, disconnectors and earth switches shall be located in a separate cubicle compartment.

3.4.10.6 Operating mechanisms, auxiliary switches and associated relays, control switches, control cable
terminations, and other ancillary equipment shall be accommodated in sheet steel vermin proof
cubicles. Local control cubicles shall be provided to be free standing or mounted on the GIS
with front access, and shall be equipped with anti-condensation heaters. A suitable humidity stat
and thermostat shall be included in the heater circuit. The electrical apparatus so protected shall
be designed so that the maxi-mum permitted rise in temperature is not exceeded if the heaters
are energized while the apparatus is in operation.

3.4.10.7 Cubicles shall be of rigid construction, preferably folded but alternatively formed on a framework
of standard rolled steel sections and shall include any supporting steelwork necessary for
mounting on the circuit breaker or on concrete foundations. Access to all compartments shall be
provided by either removable panels or doors. All fastenings shall be integral with the panel or
door and provision made for locking. Doors and panels shall be fitted with weatherproof sealing
material suitable for the climatic conditions specified. Cubicles shall be well ventilated through
vermin-proof louvers having anti insect screen.

3.4.10.8 The interior of each cubicle shall be finished with a semi-gloss white surface. An interior lamp
suitable for the local LVAC supply, controlled by a door operating switch, shall be fitted at the
top of each section.

3.4.10.9 The arrangement of equipment within cubicles shall be such that access for maintenance or
removal of any item shall be possible with the minimum disturbance of associated apparatus.

3.4.10.10 All the control switches shall be internal i.e. installed behind a lockable glass door.

3.4.11 Anti-condensation Heaters

3.4.11.1 Anti-condensation heaters of an approved type shall be provided inside each cubicle. They shall
be shrouded and located so as not to cause injury to personnel or damage to equipment. The
heaters shall have individual humidity stat and thermostatic control and shall be arranged to cut
off when the cubicle internal temperature exceeds between 30-35°C and humidity less than
30%. A master heater circuit switch shall be provided on the switchboard or panel with an
indicating lamp to show whether the supply is on or off. The location of the heater circuit switch
and indicating lamp shall be either on a common panel or in such a location that it does not
require moving when extensions are provided. The heaters shall operate from the specified
single phase a.c. supply. Isolation facilities for a.c. supply shall be provided in each panel.
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3.4.12 Auxiliary Switches and Contactors

3.4.12.1 Auxiliary switches positively driven in both directions shall be provided on all circuit breakers
and isolators for local and remote indication, control and interlocking and repeat relays where
necessary. Busbar protection has direct driven auxiliary contacts for CT circuits. With each
circuit breaker, isolating device, and earthing device, there shall be supplied all necessary
auxiliary switches, contactors and mechanisms for indication, protection, metering, control,
interlocking, supervisory and other services. All such auxiliary switches shall be enclosed in dust
free housing. Not less than eight (4 NO + 4 NC) spare auxiliary switch ways shall be provided
with each circuit breaker and not less than six (3 NO + 3 NC) on all other devices. All auxiliary
switches shall be wired up to a terminal board in the local control cubicle of the switchgear
whether they are in use or not in the first instance and shall be arranged in the same sequence
on appropriate busbar coupling and sectioning equipment that sections or sets of busbars
cannot be paralleled by means of the busbar isolating devices unless a parallel circuit is already
closed through the circuit breakers of the all equipment.

3.4.12.2 Switches shall be provided to interrupt the supply of current to the tripping mechanisms of the
circuit-breakers directly the operation of the latter has been completed. All such switches and
mechanisms shall be mounted in approved accessible positions clear of the operating
mechanism and shall be adequately protected. The contacts of all auxiliary switches shall be
strong and shall have a positive wiping action when closing.

3.4.12.3 Direct acting auxiliary switch make before break contacts shall be used in conjunction with
busbar protection schemes.

3.4.12.4 Auxiliary contactors shall be provided only where the circuit requirement cannot be met by the
auxiliary switch arrangements and multiple contactors and relays will not be accepted in lieu of
auxiliary switches except as specifically approved by PGCB.

3.4.13 Interlocking

3.4.13.1 An interlocking scheme shall be provided which takes into account the following basic
requirements.

i.  To safeguard maintenance personnel who may be working on one section
of the equipment with other sections live.

ii. To prevent incorrect switching sequences which could lead to a hazardous
situation to plant, equipment and personnel.

iii. To be designed for the final substation arrangement, avoiding the need for
the future modifications
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3.4.13.2 The interlocking scheme shall be electrical for all operational interlocks but shall be effective
when the equipment is being controlled locally, under emergency hand or from a supervisory
position.

3.4.13.3 All electrical interlocks shall so function as to interruption the operating supply and a system of
interlocks shall be provided which cover the emergency hand operation of apparatus which is
normally power operated. Failure of supply or connections to any electrical interlock shall not
produce or permit faulty operation. Visible indication shall be provided to show whether the
mechanism is locked or free. Means, normally padlocked, shall be provided whereby the bolt
can be operated in the emergency of a failure of interlock supplies.

3.4.13.4 Where mechanical key interlocks are employed, they shall be effective at the point where hand
power is applied so that stresses cannot be transferred to parts remote from that point.

3.4.13.5 Where key interlocking is employed, tripping of the circuit breaker shall not occur if any attempt
is made to remove the trapped key from the mechanism. Any local emergency tripping device
shall be kept separate and distinct from the key interlocking.

3.4.13.6 Circuit breakers closing shall be possible irrespective of the busbar and circuit isolator position.

3.4.13.7 Disconnecting switches shall be so interlocked that they cannot be operated unless the
associated circuit breaker is open except that where double busbar arrangements are specified,
on-load transfer of feeder circuits from one busbar to another shall be made possible by
interlocks which ensure that the associated bus coupler and its isolators are closed.

3.4.13.8 Earthing switches shall be interlocked such that they cannot be operated unless the associated
isolator is open.

3.4.13.9 All isolating devices shall be interlocked with associated circuit-breakers and isolators in the
same station so that it shall not be possible to make or break current on an isolating device
unless a parallel circuit in that station is already closed.

3.4.13.10 In double busbar stations where provision for on-load changeover of busbars is specified,
the busbar isolating devices shall be so interlocked with the appropriate busbar coupling and
sectioning equipment. In all other circumstances, the busbar isolating devices of equipment
other than busbar sectioning and coupling equipment shall be so interlocked that their
respective circuit breakers can only be coupled to one set of busbars at a time. It shall not be
possible to parallel sections of busbars except through the circuit breakers of the busbar
coupling and sectioning equipment.
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3.4.13.11 For each primary circuit, an interlock bypass switch shall be provided, mounted on the local
control cubicle, for use during commissioning of the Switchgear. The switch shall be key
operated (common key for each circuit) spring return to normal and provided with sufficient
direct drive contacts to enable operation' of the- circuit breaker, isolators and earth switches
independent of the electrical interlocking circuitry. By-passing of interlocks shall only lye
possible in the local (Maintenance) position.

3.4.13.12 Interlocking philosophy shall be provided by the switchgear manufacturer and shall be
submitted for PGCB's approval.

3.4.14 Locking Facilities

3.4.14.1 Locks and locking facilities shall be provided on each item of substation equipment as detailed
below and shall be additional to the mechanical interlocking devices specified in the above
clause.

3.4.14.2 Where a mechanism is to be locked in a specific position, provision shall be made at that part of
the mechanism where the operating power is applied and not to remote or ancillary linkages.

3.4.14.3 The following locking facilities shall be provided with common key operated locks.

i.  Circuit breaker mechanisms in the open position and any associated manual
operating device in the neutral position.

ii. Isolating switches in both open and closed positions.

iii. Operating cubicle access door

3.4.15 Special Equipment and Tools

3.4.15.1 The Contractor is obliged to deliver all equipment and tools required for installation, dismantling,
testing and maintenance of equipment. Special equipment and tools shall be of the highest
quality and suitable for field work.

i. A handle for manual operation shall be found in all operating mechanisms.
i. SF6 gas cylinder with valve and instruments for refiling and SF6 leakage
detector

3.4.15.2 All materials to be used shall be new. A list of a special equipment and tools shall be delivered
with a bid. The Employer reserves the right to request any other special equipment or tools
during training or testing, which he finds necessary, free of charge, although such equipment or
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tools were not on the list of special equipment.

(a)SF6 Gas leakage detector:

The detector shall be portable, battery operated, hand held type and having a minimum
SF6 gas leakage sensitivity of 5gm/year. The sensor shall be connected through a flexible
wand for easy accessibility to joints, seals and couplings in GIS equipment and provided
with a protection filter. The equipment shall have on/off switch & suitable indicating
lamps/LEDs, variable pitch audible signal for leakage indication. The equipment shall have
automatic zeroing of background signals suitable for detecting SF6 gas leakage in
charged switchyard. The test kit shall be compatible for EMI/EMC environment as per IEC
1000.

(b) Gas filling and evacuating plant: Gas Processing unit

i) The plant necessary for filling and evacuating the SF6 gas in the switchgear shall
be supplied to enable any maintenance work to be carried out. This shall include all
the necessary gas cylinders for temporarily storing the evacuated SF6 gas. The
capacity of the temporary storage facilities shall at least be sufficient for storing the
maximum quantity of gas that could be removed from at least one phase of one
complete bay (switchgear and associated equipment).

il) Where any item of the filling and evacuating plant is of such a weight that it cannot
easily be carried by maintenance personnel, it shall be provided with lifting hooks
for lifting and moving with the overhead cranes.

iili) The minimum capacity parameters of evacuation plant will be as under:

iV) Oil Free Suction (Recovery) Pump: 30 m3/hour

V) Compressor (Two Stage): 15 m3/hour

vi) Oil Free Vacuum Pump: 100 m3/hour

vii) The evacuation equipment shall be provided with all the necessary pipes,
couplings, flexible tubes and valves for coupling up to the switchgear for filling or
evacuating all the gases. Details of the filling and evacuating plant that will be
supplied, as well as the description of the filling and evacuating procedures shall
be furnished.

(c)SF6 gas analyzer:

The SF6 gas analyzer should be of portable type and instruments shall have following
features.

1) In-built calibration facility.

i) Sensitivity of the equipment shall not be affected by any atmospheric conditions
like dust, humidity, heat, wind etc.
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1il) Equipment shall work on zero gas loss principle i.e. gas should be pumped back to
the compartment after measurement without any exposure to the atmosphere.

iV) Equipment shall be supplied with suitable regulator which can be used to connect
SF6 cylinder if required.

V) Following acidic/impurities products should be detected as per IEC 60480 and IEC
60376

Vi) SF6 purity — Range: 0-100 % & Accuracy: +/- 2 deg

vii) Dew point - Range : -60 to +20 deg C & Accuracy: +/- 4 deg C

Viii) SO2 - Range : 0-150 ppm & Accuracy : +/- 2 %

iX) HF - Range : 0-10ppm & Accuracy : +/- 10 %

X) Instrument should work on AC source as well as on rechargeable battery

Xi) Input pressure: up to 10 bar

Xii) It should be housed in a robust IP67 case with wheels

(d) Portable Partial Discharge(PD) monitoring system

i) The equipment shall be used for detecting different types of defects in Gas
Insulated Stations (GIS) such as Particles, Loose shields and Partial Discharges as
well as for detection of Partial discharges in other types of equipment such as
Cable Joints, CTs and PTs.

ii) It shall be capable for measuring PD in charged GIS environment as EHV which shall
have bandwidth in order of 100 MHz—2GHz with possibility to select a wide range of
intermediate bandwidths for best measurement results. The principle of operation shall
be based on UHF principle of detection. The instrument should also be able to detect
partial discharges in cable joints and terminations.

iii) Detection and measurement of PD and bouncing particles shall be displayed on built in
large LCD display and the measurement shall be stored in the instrument and further
downloadable to a PC for further analysis to locate actual source of PD such as free
conducting particles, floating components, voids in spacers, particle on spacer
surfaces etc. Software for display and diagnosis of PD signals and an expert software
system for accurate interpretation of cause of PD shall also be supplied and installed
by the contractor.

iV) The equipment shall meet the following requirements

V) Measurement shall be possible in noisy environment.

vi) Stable reading shall be possible in presence of vibrations within complex GIS
assemblies, which can produce signals similar to PD.

vii) Equipment should have necessary synchronizing circuits to obtain PD correlation
with power cycle and power frequency.

viii) The equipment shall be battery operated with built-in-battery charger. It shall also
be suitable for 230V AC/50 Hz input.

iIX) Measurement shall be possible in the charged switchyard in the presence of
EMI/EMC. Supplier should have supplied similar detector for GIS application to
other utilities. Performance certificate and the list of users shall be supplied along
with the offer.

X) Instrument shall be supplied with standard accessories i.e., re-locatable sensors
with mounting arrangements, connecting cables (duly screened) to sensors,
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Laptop PC, diagnostic and expert interpretation software, carrying case,
rechargeable battery pack with charger suitable for 230V AC, 50Hz supply
connecting cables (duly screened) to view in storage.

Xi) The function of software shall be covering the following:

o Data recording, storage and retrieval in computer

>  Data base analysis

> Template analysis for easy location of fault inside the GIS

o Evaluation of PD measurement i.e, Amplitude, Phase Synchronization etc.

> Evaluation of bouncing/loose particles with flight time and estimation on size of
particle.

°  Expert software system for accurate interpretation of cause of PD.

> Report generation.

> To prove the suitability in charged switchyard condition, practical demonstration
shall be conducted before acceptance.

> Supplier shall have “Adequate after sales service” facility in India and shall
provide the document in support of this.

> Necessary training may be accorded to personnel to make use of the kit for
locating PD sources inside the GIS.

° Instrument shall be robust and conform to relevant standard.

Xii) Calibration: The UHF Couplers have to be first calibrated as per CIGRE Document
No. 654 as part of factory acceptance tests to guarantee detection sensitivity of 5pC
or better. The GIS of same design shall be used as test specimen during the
coupler calibration. The pulse injection level determined through above factory
calibration tests shall only be used as reference for site sensitivity checks during
commissioning of PDM system. The data sheet/frequency response characteristics
shall be submitted for reference.

Xiii) Pulse generator, same type as that of used during factory testing for UHF sensor
sensitivity test shall be supplied as a standard accessory.

3.4.16 Spare Parts

3.4.16.1 Contractor is obliged to enclose with the bid a list of recommended spares required for
operation and maintenance necessary for 2 years period.

3.4.17 Packing, Shipment and Transportation

3.4.17.1 The Contractor is obliged to arrange preparation, packing and transport of the equipment.

3.4.17.2 Each circuit breaker shall be separately packed. It is not allowed to pack parts for more circuit
breakers in single package.
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3.4.17.3 The equipment shall be packed and ready to be stored for a longer period. All operating
mechanisms shall be provided and packed so as the heater can be connected. For this purpose
provide a suitable cable with a plug.

3.4.17.4 Sufficient quantity of SF6 gas must be delivered for the first gas filling and eventually refilling.

3.4.18 Inspection and Tests

3.4.18.1 Tests shall be carried out in order to determine whether the material and equipment comply with
the required properties. All tests on the materials and equipment shall be made in accordance
with IEC 62271-203. Testing shall not impair the properties and reliability of a test object or
reduce its lifetime.

i. Type tests shall be performed on each type and rating of the specified equipment
with the purpose of proving its properties. Detailed list of type tests shall be
attached to the bid along with the copies of the Type tests certificates.

. Routine tests shall be performed on each piece of equipment to be supplied, for
the purpose of revealing faults in material or construction.

iil. Factory acceptance test shall be conducted in the Manufacturer's factory in a
presence of three representatives of the Employer, before delivery. All costs
including visa fee, health insurance, transport, accommodation, food, daily
allowance as well as costs for the tests shall be borne by the Contractor and
included in the contract price. Acceptance test will be conducted in accordance
with the program of routine tests.

3.4.18.2Type Tests

The following type tests shall be conducted on each type and class of the specified equipment
for the purpose of proving its properties:

(@ Complete Swithchgear

I)  Dielectric tests
iii. Power frequency withstand voltage test (wet and dry)
iv. Lightning impulse voltage tests

i)  Measurement of the resistance of the main circuit

Iii) Temperature rise test

IV)  Short time and peak withstand current tests

V)  Pressure test on partitions

vi)  Test under conditions of arcing due to internal fault

vii) Insulator tests
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viil) Tightness test

(b)  Circuit Breaker
i)  Mechanical and environment tests
i)  Test circuits for short circuit making and breaking tests
Iii) Single-phase and double-earth fault tests
iV)  Short line fault tests
V)  Out of phase making and breaking tests

(c) Disconnector & Earthing Switch
i) Tests to prove the short circuit making performance of earthing switches
i)  Operating and mechanical endurance tests
iii)  Bus-transfer current switching tests
iV)  Induced current switching tests

(d) Current Transformer
i)  Short-time current tests
Ii)  Temperature-rise test
(e) Voltage Transformer
I)  Temperature-rise test
i)  Lightning Impulse test

3.4.18.3 Routine Tests

The following type tests shall be conducted on each piece the equipment to be supplied for the
purpose of revealing faults in material or construction:

(@ Complete Swithchgear
I)  Dielectric tests
v. Power frequency withstand voltage test (wet and dry)
i)  Measurement of the resistance of the main circuit
Iii) Pressure test on partitions
Iv) Tightness test

(b) Circuit Breaker
vi. Mechanical and environment tests

(c) Disconnector & Earthing Switch
vii. Operating and mechanical endurance tests
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3.4.18.4 On Site Tests

After the GIS Switchgear has been fully installed at site and SF6 gas filled at rated filling
density, the complete assembly shall be subjected to the site tests as per IEC-62271-203.
Method statement/ procedure of On Site high voltage testing, PD measurement and relevant
tests shall be submitted by contractor in advance.

3.4.19 Documentation

3.4.19.1 Documentation attached to the bid shall include minimum the following:

(@) Manufacturer's Authorization

(b) Manufacturer's Quality control certificate

(c) Detailed list of type test for each type and class of the specified equipment
(d) Copies of type test reports

(e) Equipment-related catalogues

() Reference list for previous five years

(g) Drawings, schematic diagrams and similar

(h) List of special equipment and tools

(i) List of recommended spare parts

(J) Training plan (if any, as required by specification)

(k) Instruction manuals for installation, testing and maintenance
() Test protocol of acceptance testing

3.4.19.2 All documents, tables and rating plates attached to the equipment shall be in English language.

3.4.19.3 The contractor shall prepare and submit to the employer, drawings, details that show the GIS
design in order for the employer to verify the equipment conform to the specifications. The
Design Document to be submitted for review and approval are as follows:

(@) Design Review Document as per clause no. 3.3.3 of this specification
(b) Single Line Diagram/

(c) Gas Schematic Diagram / Interlocking scheme

(d) GTP-Guaranteed Technical Particulars

(e) GIS layout (Plan and Section) including 3D drawing

()  GIS Component Drawings

(9) Interface modules drawing for GIS extension

(h) Rating and Name Plate Drawing
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(i) GIS/LCC Schematics Drawing

(J) Foundation loading plan and detail

(K) GIS Support Structure Drawing

()  GIS platforms and Walkway Drawing

(m) GIS grounding plan and details along with design calculation for GIS grounding

(n) GIS key Diagram enlisting and marking each and every GIS Module clearly and
separately identifiable (indoor and outdoor). This separately identified module shall
be complete along with its enclosure, gasket and all active parts such as
conductor, conductor joints, corona shield etc.

(0) Method Statement along with sequential instruction for dismantling and assembling
of all major components of GIS exhibiting service continuity requirement

(p) Type Test Reports

() Seismic Analysis Report

(r)  Study report of VFTO generated for GIS installation for 400 kV and above.

() The general arrangement drawing of interconnecting bus-duct from GIS bay
module to XLPE cable termination end

(t)  The general arrangement drawing of Terminal connection arrangement to connect
GIS duct to SF6/Oil bushing and duct mounting arrangement details

(u) Gas handling procedure

(v) The design & construction proposal of the building along with necessary
information, data, and drawings according to the complete requirements

(w) Capacity calculation of EOT crane for GIS hall considering a factor of safety

(X) Method statement/ procedure of ON SITE high voltage testing with PD
measurement and Switching Impulse test

(y) Additional CB data to be furnished during detailed engineering:

i) Design data on capabilities of circuit breakers in terms of time and number of
operations at duties ranging from 100 % fault currents to load currents of the
lowest possible value without requiring any maintenance or checks.

i) Curves supported by test data indicating the opening time under close open
operation with combined variation of trip coil voltage and hydraulic pressure.

iii) Contact Travel: Operating mechanism operating shaft travel and contact
overlap of Circuit Breaker to be provided

(z) The Sub-station GIS layout as a separate drawing indicating position of spacers,
spread over of PD sensors with distance, sensor identification, the detector unit
identification etc., total numbers of offered UHF Sensors along with attenuation
calculation. And data sheet for the UHF couplers.

(aa) Installation and Operation & Maintenance Manual

3.4.20 Installation of GIS
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3.4.20.1 Civil works of GIS Hall shall be completed in all respects before taking up the installation and it
shall be ensured that Ventilation System is operational and all dust and dirt in the hall are
removed. The GIS hall needs to be in positive pressure before starting Installation.

3.4.20.2 The installation area shall be secured against entry of unauthorized personnel. Only certified
manufacturer’s engineer and supervisor shall undertake the erection works. Engineers and
supervisors of the manufacturer shall submit authorization and competency certificate to PGCB.

3.4.20.3 Un-packaging of GIS modules shall be done outside the GIS hall and in no case module to be
taken inside GIS hall with packing.

3.4.20.4 All assembly work shall be done by qualified personnel only who are to be identified and list
submitted to PGCB before starting of erection work.

3.4.20.5 Assembly drawing for GIS erection for the section under progress shall be available and
displayed in GIS hall at the time of erection work.

3.4.20.6 Working personnel shall clean their shoes or apply covers on shoes before entering the
immediate working area. The working clothes of authorized personnel shall be made of non-
fluffy material.

3.4.20.7 GIS hall door shall have automatic close facility after entry of personnel to avoid dust and
moisture entry. Walls and ceiling shall be in a condition so that neither dirt nor plaster might fall
or rub off and formation of condensation water in ceiling shall be prevented under any
circumstances.

3.4.20.8 Floor in the installation area shall have a firm surface and shall be kept dust free with a vacuum
cleaner. Vacuum cleaning to be done on regular basis.

3.4.20.9 Only T&P and consumables required for GIS erection shall be kept in GIS during erection.

3.4.20.10 In case of outdoor installation of GIS or of GIS components open gas compartments shall be
protected from dust and moisture ingress (by tarpaulin covers/protective enclosure/chamber
etc).

3.4.20.11 Bus duct exits in the GIS hall’'s wall shall be kept covered by suitable means until permanent
cover is provided after installation of bus ducts.
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3.4.20.12 Maintenance room (as a part of LCR room) shall be constructed for carrying out repair
works/ small part assembly. All excess material (not required for immediate installation works)
test equipment and tools and tackles to be stored separately from GIS hall in this room for
rework.

3.4.20.13 Erection agency shall submit method statement and make available formats for checking
during each stage of hall preparation, assembly process and final checks to be approved by
PGCB before start of erection. Shock recorder down loaded data and analysis shall be
submitted preferably before commencement of erection work. In case of violation of shock
limits, expert from manufacturer shall visit and do the joint internal inspection and shall submit
analysis report before giving clearance for erection. If required the module shall be taken back
to factory for further analysis and testing.

3.4.20.14 Cleaning is of utmost importance and hence before assembly, all the loose metal parts,
subassemblies and all contact & sealing surfaces shall be cleaned before installation. Cleaning
shall be carried out with specified cleaning agents of the manufacturer, in no condition water is
to be used except for external surfaces. Further, prior to opening of gas compartment, the same
shall be thoroughly cleaned externally. The vacuum cleaning of the installation area shall also
be done specially the immediate vicinity of the flanges to be connected.

3.4.20.15 All Civil Work inside building including internal cable trench shall be completed before GIS
installation.

3.4.20.16 Installation of flanges shall be done immediately after removal of transport covers. Transport
covers, O-rings and other packing material of GIS shall be taken out immediately after removal.

3.4.20.17 O-Rings shall be properly stored and taken out only before installation. O-Rings are also to
be cleaned before use with manufacturer authorized cleaning agent.

3.4.20.18 At all points of time during installation authorized personnel shall use suitable gloves to avoid
contamination.

3.4.20.19 Cable termination work shall commence only after completion of GIS equipment

3.4.20.20 erection, as during GIS installation period laying and termination of cables interferes with the
GIS erection work and affects cleanliness.

3.4.20.21 Approved Field Quality Plan, which should be included Check-list, Witness-point, Holding-
point etc., shall be followed during site work.
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3.5 AIS SWITCHGEAR (OUTDOOR TYPE)

35.1 Surge Arresters (Outdoor type)

3.5.1.1 Scope

3.5.1.1.1 This section covers the ratings, design, equipment requirements, inspection and
testing of the equipment. It states only those general aspects that are meant to ensure
minimum requirements with respect of quality and performance. Other details and
specific data are contained in the Technical Data Schedules.

3.5.1.1.2 Properties, testing and ratings of the equipment shall at least conform to the latest
edition of the relevant IEC and British standards.

3.5.1.1.3 The Contractor is obliged to provide complete equipment, even if the details are not
mentioned specifically in the following specifications.

3.5.1.2 General Design

3.5.1.2.1 Surge arresters will be metal-oxide, gapless, outdoor. Design shall comply with the
requirements of IEC 60099 and other relevant standards, if it is not requested in
different manner in this specification. Surge arresters be shall be hermetically sealed
type, composite housing, on insulating basement and with counter. Insulating
basement shall be delivered together with the Surge arresters.

3.5.1.2.2 The Contractor shall demonstrate and verify by EMTP that the surge arresters will
adequately protect the equipment such as Transformer, Sh.R, etc proposed.

3.5.1.2.3 If the additional Surge Arresters are required different from the Surge Arresters
proposed on the Single Line Diagrams, those Surge Arresters have to provided free of
charge and included in the final Bid price.

3.5.1.2.4 The metal-oxide blocks shall be manufactured by manufacturers of European
countries, USA/Canada and Japan.
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3.5.1.3 High-Voltage Terminals

3.5.1.3.1 High-voltage terminals shall be as it is defined in a technical schedule:

i. Vertical,

i. Flat,

ili. For aluminium conductor,

iv. Minimum area of 100 x 100 mm

v. With at least four holes 14 mm diameter, at 50 mm distance between each
other

3.5.1.4 Insulating Basement

3.5.1.4.1 Surge arresters shall be equipped with appropriate insulating basement that is part of
delivery. They shall be fixed and electrically connected to insulating basement.
Earthing shall be fixed and electrically connected to surge arrester directly.

3.5.1.5 Earthing

3.5.1.5.1 Surge arresters will be equipped with appropriate earthing connector.

3.5.1.6 Surge Arresters Housing

3.5.1.6.1 Housing shall be made from silicon and/or composite material in accordance with
Technical specification. The connection itself shall be handled with such manner so
as to prevent retaining or intrusion of moisture. Minimum creepage distance is 31.5
mm/kV.

3.5.1.7 Environmental Protection
3.5.1.7.1 Design of surge arresters shall be designed to take maximum care of environment.

3.5.1.8 Nameplates

3.5.1.8.1 Nameplates should have data written in a English language:
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i. Manufacturer name
ii. Type of surge arrester
iil. Rated voltage of surge arrester Ur

iv. Continuous operating voltage of surge arrester Uc

V. Nominal discharge current of an arrester (8/20 us)

Vi. Rated short circuit current

Vii. Rated frequency

viii. Line discharge class

iX. Number of a unit position in a set (for multi units surge arrester)
X. Mass of surge arrester

Xi. Year of production

Xii. Serial number

3.5.1.9 Special Equipment, Tools and Drawings

3.5.1.9.1 The Contractor is obliged to deliver all equipment and tools required for installation,
dismantling, testing and maintenance of equipment. Special equipment and tools shall
be of the highest quality and suitable for field work. All materials to be used shall be
new. A list of special equipment and tools shall be delivered with the bid. The
Employer reserves the right to request any other special equipment or tools during
training or testing, which he finds necessary, free of charge, although such equipment or
tools were not on the list of special equipment.

3.5.1.10 Spare Parts

3.5.1.10.1 The Contractor is obliged to enclose with the bid a list of recommended spares
required for operation and maintenance necessary for 10 years period. All spare parts
to be used shall be new. A list of spare parts shall be delivered with a bid.

3.5.1.11 Packing, Shipment and Transportation

3.5.1.11.1 The Contractor is obliged to arrange for preparation, packing and transport of the
equipment to the destination point. The equipment shall be packed and ready to be stored
for alonger period.

3.5.1.12 Inspection and Tests

3.5.1.12.1 Tests shall be carried out in order to determine whether the material and equipment
comply with the required properties. All tests on the materials and equipment shall be
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made in accordance with IEC standards. Testing shall not impair the properties and
reliability of a test object or reduce its lifetime.

i. Type tests shall be performed on each type and rating of the specified
equipment with the purpose of proving its properties. Detailed list of type tests
shall be attached to the bid along with the copies of the Type tests certificates.

ii. Routine tests shall be performed on each piece of equipment to be supplied, for
the purpose of revealing faults in material or construction.

iii. Special tests shall be performed on each piece of equipment before delivery,
during the acceptance test

3.5.1.13 Type Tests

3.5.1.13.1 The following type tests shall be conducted on each type and class of the specified
equipment for the purpose of proving its properties:

i. Dielectric tests
a. Power frequency withstand voltage test of arrester housing
b. Lightning impulse voltage tests
c. Power frequency voltage wet and dry test
ii. Residual voltage test
a. Steep current
b. Lightning impulse
c. Switching impulse
iii. Test to verify long term stability under continuous operating voltage
iv. Repetitive change behaviour verification
v.  Operating duty tests
vi.  Power frequency voltage versus time
vii. ~ Short circuit test
viii. Weather aging test

3.5.1.13.2 Short circuit test shall be conducted by the STL — Short Circuit Testing Liaison and
Short circuit test report shall be certified from STL — Short Circuit Testing Liaison
authority.

3.5.1.14 Routine Tests

3.5.1.14.1 The following type tests shall be conducted on each piece the equipment to be
supplied for the purpose of revealing faults in material or construction:
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i. Measurement of reference voltage

. Residual voltage test

iil. Partial discharge and contact noise tests
iv. Seal leakage test

3.5.1.15 Documentation

3.5.1.15.1 Documentation attached to the bid shall include minimum the following:

I Manufacturer's Authorization
. Manufacturer's Quality control certificate
iil. Detailed list of type test for each type and class of the specified equipment

iv. Copies of type test reports

V. Equipment-related catalogues

Vi. Reference list for previous five years
Vii. Drawings

3.5.1.15.2 For each surge arrester, the following documentation shall be delivered:

i. Drawings
il Instruction manuals for installation, testing and maintenance
iii. Test protocol of acceptance testing

3.5.1.15.3 All documents, tables and rating plates attached to the equipment shall be in English
language.

352 Post Insulators
3.5.2.1 Scope

3.5.2.1.1 This Section covers the ratings, design, equipment requirements, inspection and
testing of the equipment. It states only those general aspects that are meant to ensure
minimum requirements with respect of quality and performance. Other details and
specific data are contained in the Technical Data Schedules.

3.5.2.1.2 Properties, testing and ratings of the equipment shall at least conform to the latest
edition of the relevant IEC and British standards.

3.5.2.1.3 The Contractor is obliged to provide complete equipment, even if the details are not
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mentioned specifically in the following specifications.

3.5.2.2 General Design

3.5.2.2.1 Post insulators should be solid core type post insulators, made of porcelain, for
outdoor installation in AC system. The post insulators shall comply with the
requirements of following standards: IEC 60273, IEC 60437, 60815, 60672, IEC 60168,
EN1562, EN1563, EN ISO 1461 and other relevant standards if it is not required in this
Specification.

3.5.2.2.2 Postinsulators should satisfy the best level of development for this kind of equipment
in a field of design, construction and material.

3.5.2.3 Insulator Material

Insulators should be made of high quality aluminium oxide porcelain. Porcelain material shall
fulfil requirements of a class C130, which confirms to the standard IEC 60672. Insulators shall
be cylindrical with a hard core and metal base. Glazing shall be in brown colour.

35.24 RIV

The RIV performance of post insulator styles shall be tested in accordance with the standard
IEC60437. If corona rings are necessary to reach a certain RIV level for a single insulator
column, the appropriate ones shall be delivered with the insulator column.

3.5.2.5 Fittings

Fittings shall be made in malleable cast iron according to standard EN1562 or spheroidal
graphite cast iron according to standard EN1563. All fittings shall be hot dip galvanized
according to standard EN ISO 1461 with a zinc weight of min. 600 g/m2 (min. 85 ym) as
average value. Connection method of Support insulators shall be in accordance with standard
IEC 60273. Connection holes shall be equally arrange on a circle meaning concentric with eight
insulators. Holes in upper and lower part of connection equipment should be in line and so
arranged to allow usage of standard screws with six-angle heads.

3.5.2.6 Cementing
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Any connection between porcelain and flange shall be made with Portland cement. The
connection itself shall be handled with such manner so as to prevent retaining or intrusion of
moisture by a silicone or any other manner.

3.5.2.7 Insulation Level

Post insulators should be designed for standard value of lightning impulses voltage according
IEC 60071-1. Minimal value for the height depends of lightning impulses voltage in dry, power
frequency voltage in wet and switching withstand voltage in wet where it is in accordance with
relevant requirement from coordination insulation point.

3.5.2.8 Dimensions

Rated dimensions of insulator shall be in accordance with values defined in the Technical Data
Schedules, with appropriate tolerances referring to parallelism, eccentric and angle deviation, in
accordance with standard IEC 60272. Minimum creepage distance is 31.5 mm/kV.

3.5.29 Packing, Shipment and Transportation

The Contractor is obliged to arrange for preparation, packing and transport of the equipment to the
destination point. The equipment shall be packed and ready to be stored for a longer period.

3.5.2.10 Inspection and Tests

Tests shall be carried out in order to determine whether the material and equipment comply with
the required properties. All tests on the materials and equipment shall be made in accordance
with IEC standards. Testing shall not impair the properties and reliability of a test object or
reduce its lifetime.

i. Type and special tests shall be performed on each type and rating of the
specified equipment with the purpose of proving its properties. Detailed list of
type tests shall be attached to the bid along with the copies of the Type tests
certificates.

ii. Routine tests shall be performed on each piece of equipment to be supplied,
for the purpose of revealing faults in material or construction.

35211 Type Tests

Tender Document: Design, Supply, Erection, Testing & Commissioning of capacity enhancement and Capacitor Bank
installation with associated switchgear in existing grid substation. (Package-2, Lot-2)




146

The following type tests shall be conducted on each type and class of the specified equipment
for the purpose of proving its properties:

3.5.2.11.1 Dielectric tests

i. Lightning impulse voltage tests
ii. Power frequency voltage wet and dry test
iii. Power frequency withstand voltage test of arrester housing
V. Long-duration current impulse withstand test
V. Residual voltage test
Vi. Internal partial discharge tests
Vii. Mechanical failing load test

3.5.2.12 Special Tests

The following type tests shall be conducted on each type and class of the specified equipment
for the purpose of proving its properties:

i) Radio interference voltage measurement test (RIV)
i) Test for deflection under load

3.5.2.13 Routine Tests

The following type tests shall be conducted on each piece the equipment to be supplied for the
purpose of revealing faults in material or construction:

i) Routine thermal shock test

i) Routine visual examination

iii) Routine electrical test

iv) Routine mechanical test

3.5.2.14 Acceptance Tests

The following tests shall be conducted:

1) Verification of dimensions
i) Temperature cycle test
iii) Dimension tests

Iv) Mechanical test

V) Puncture test

vi) Porosity test

vii) Galvanizing test
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3.5.2.15 Documentation
3.5.2.15.1 Documentation attached to the bid shall include minimum the following:

i) Manufacturer's Authorization

i) Manufacturer's Quality control certificate

iii) Detailed list of type test for each type and class of the specified equipment
iv) Copies of type test reports

V) Equipment-related catalogues

vi) Reference list for previous five years

vii) Drawings

3.5.2.15.2 Following documentation shall be delivered together with the equipment:

i) Drawings
i) Instruction manuals for installation, testing and maintenance
iii) Test protocol of acceptance testing

All documents, tables and rating plates attached to the equipment shall be in English language.

3.5.2.16 Portable Lightning Arrester Diagnostic System (PLADS)

Contractor shall provide two PLADS (one per S/S) to diagnose of the aging state of lightning
arrester for condition test and MRE. The specification of PLADS is as follows:

1) Such diagnosis items are able to be measured.

i) Total leakage current

iii) Resistive leakage current

iv) Harmonics (3rd, 5th, 7th, 9th) current

V) Detected sensor shall be a CT sensor.

vi) The electric field shall be reduced in a shielding case.
vii) HMI shall be provided for analyzing the data

3.5.3 HVAC Circuit Breakers

3.5.3.1 This specification of technical conditions and technical requirements for Circuit Breakers
covers the ratings, design, equipment requirements, inspection and testing of the
equipment.

3.5.3.2 Here are stated only those general aspects that are meant to ensure minimum
requirements with respect of quality and performance.

3.5.3.3 Other details and specific data are contained in the Technical Data Schedules.

3.5.3.4 Properties, testing and ratings of the equipment shall at least conform to the latest
edition of the relevant IEC and British standards.
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3.5.3.5 The Contractor is obliged to provide complete equipment, even if the details are not
mentioned specifically in the following specifications.

3.5.3.6 General Design

3.5.36.1

3.5.3.6.2

3.5.3.6.3

3.5.3.6.4

Circuit breaker shall be, for outdoor installation. The circuit breaker shall be with SF6
gas as the arc-quenching and insulating medium. For 33kV voltage level, vacuum
type circuit breaker may be acceptable. The circuit breakers shall comply with the
requirements of IEC 60273, IEC 60694, IEC 60815, IEC 62271-100.

Beside the rated short circuit breaking current, the circuit breakers shall be capable
of making and breaking the excitation all currents, without restricting and generating
harmful over-voltage.

Circuit breakers with two breaking chambers shall be constructed to provide voltage
distribution per breaking unit not above 55 % of the total voltage, at any
circumstances.

The Contractor shall provide and deliver suitable horizontal and vertical supporting
structure that shall be galvanized.

3.5.3.7 Operating Mechanism

3.5.3.7.1

3.5.3.7.2
3.5.3.7.3
35374
3.5.3.7.5
3.5.3.7.6
3.5.3.7.7

3.5.3.7.8
3.5.3.79

3.5.3.7.10

3.5.3.7.11

3.5.3.7.12
3.5.3.7.13
3.5.3.7.14

The operating mechanism shall be of motor wound-spring charged type. Other type
operating mechanism is not allowed. Operating mechanism shall be of maintenance
free type.

Operating mechanisms housing shall be made of aluminium or stainless steel.
Anticorrosion protection is not anticipated.

It shall be possible to charge the operating springs with the circuit breaker in either
the open or closed positions.

In normal operation, recharging of the operating springs shall commence
immediately and automatically upon completion of the closing operation.

While a spring charging operation is in progress, closure shall be prevented.
Release of the springs shall not be possible until they are fully charged.

Manual spring release shall be provided.

The operating mechanism shall have hand and electrically charging.

The operating mechanism shall have hand charging facility and it shall be possible
to discharge the operating springs, at site, from a charged condition without
difficulty.

The state of charge of the operating springs shall be indicated by a mechanical
device which shows "spring charged" when operation is permissible and
"uncharged" when operation is not possible.

A provision shall be made for remote indication of "spring charge fail" conditions.
Therefore, a spare spring-drive limit switch contacts and necessary time delay
relays shall be provided.

The charging motor shall be connected to the a.c. supply.

The control circuits shall be connected to the d.c. supply.

The state of charge of the operating springs shall be indicated by a mechanical
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device which shows "spring charged" when operation is permissible and
"uncharged" when operation is not possible.

3.5.3.7.15 At the bottom of each operating mechanism cabinets provide the option of earthing
together with the earthing rails, by using the copper wire Cu from the outer side.
Connection of Cu earthing rail shall be adopted to Al material of operating
mechanism using appropriate material (electrolytically between Cu and Al).

3.5.3.7.16 Detachable plates for cable insertion rings shall be provided at the bottom of each
operating mechanisms cabinet.

3.5.3.7.17 Mechanically endurance of circuit breaker shall correspond to class M2.

3.5.3.8 High Speed Reclosing

3.5.3.8.1 The circuit breakers shall be constructed for high speed reclosure of the three poles
simultaneously or of a single pole at a time, as per the Technical Schedules.

3.5.3.8.2 Reclosing applies only to the circuit breakers used for transmission line feeders.

3.5.3.8.3 The operating mechanism shall be suitable for auto-reclosing (cycle 0 - 0.3 s - CO -
3 min - CO).

3.5.3.8.4 After loss of power supply the operating mechanism shall be capable of performing
a complete cycle.

3.5.3.9 Control Circuits

3.5.3.9.1 Circuit breaker shall be equipped with one closing coil per phase. The closing coil
shall be supplied with anti-pumping devices. Circuit breaker shall be equipped with
two electrically independent trip coils per phase. The trip coils shall be suitable for
application of trip circuit supervision relays.

3.5.3.9.2 Means shall be provided to prevent the mechanism from responding to a closing
signal when the trip coils is energized.

3.5.3.9.3 Circuit breaker shall be designed and equipped with, at least, the following control
devices that should be situated in each central control panels:

Open and close push buttons.

Local/remote selector with possibility to be locked in "neutral" position. In neutral position

provide appropriate signal.

3.5.3.9.4 The control circuits shall be designed to operate under the following conditions:
Remotely, from a National Load Control Centre,

Remotely, from a substation control building,

Automatically, by the protective relays,

Locally, by electrical push buttons,

Locally, by mechanical arrangement.

3.5.3.9.5 Each pole of the HV line feeder circuit breakers shall have, its own distinct operating
mechanism with the controls grouped in a central control cabinet.

3.5.3.9.6 The circuit breaker shall be designed taking into consideration the following points:

3.5.3.9.7 The circuit assigned to the closing coil and the first tripping coil shall be separate
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from the circuit assigned to the second tripping coil. This means that there are two
different d.c. supplies.

3.5.3.9.8 Power supply for the motor operated mechanism shall be protected by moulded
circuit breakers. It is not allowed to cut-of neutral conductor.

3.5.3.9.9 Provide enough number of contacts of density-meter to fulfil previous preconditions.

3.5.3.9.10 Protective tripping of the circuit breaker shall not be blocked by the selector switch
"Local/Remote".

3.5.3.9.11 A "Manual/Local/Remote" selector switch shall be provided in the central control
cabinet.

3.5.3.9.12 A manual operating crank for each circuit breaker mechanism shall be provided.

3.5.3.9.13 Close-Trip" push buttons shall be provided in the central control panel.

3.5.3.9.14 Housing protection shall be at least of IP54.

3.5.3.9.15 A anti-condensation element, shall be provided in each operating mechanism
housing and central control panel.

3.5.3.9.16 Provide anti-pumping devices.

3.5.3.9.17 A time delayed adjustable alarm contact for "phase discrepancy” condition shall be
provided.

3.5.3.10 Auxiliary Contacts

The Manufacturer shall provide, for each mechanism, the sufficient number of normal close and
normal open mechanically operated auxiliary switches, but at least 20 percent spare and not
below amount specified in the Technical Schedules.

3.5.3.11 Position Indicator

A visual, mechanical, circuit breaker "Open-Closed" position indicator clearly visible from the
ground level and without the opening of any access door, shall be provided. It shall be positively
driven (cord drives excluded) directly from the mechanism.

3.5.3.12 Operating Counter

Each operating mechanism is to be equipped with an operation counter.

3.5.3.13 SFs Gas

3.5.3.13.1 The circuit breaker shall use SFs gas as the arc-quenching and insulating medium.
Depending on the design, each pole or complete circuit breaker shall have at least:

3.5.3.13.2 Temperature compensated densimeter. Densimeter should be so designed to allow
easy check correctness contacts of density-meter. Pressure device must be
temperature compensated.

3.5.3.13.3 Device must so designed to allow easy reading of a gas density, for each pole or
complete circuit breaker, without need for opening of operating mechanism housing
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or control panel housing.

3.5.3.13.4 Sufficient quantity of SF6 gas should be delivered for the first filling and additionally
20 % for eventually refilling.

3.5.3.13.5 One gas leakage alarm signal (S1) and one interlock signal (S2).

3.5.3.14 High-voltage Terminals
High-voltage terminals shall be:

horizontal,

flat,

for aluminium conductor,

minimum area of 100 x 100 mm.

with minimum four holes 14 mm diameter, at 50 mm distance between each other.

3.5.3.15 Cables

3.5.3.15.1 The Contractor must deliver factory-prepared-and-tested all necessary equipment
(cables, connectors and similar) for mutual connection all operating mechanisms of
circuit breakers and central control panel of a circuit breaker (if exist). Cables must
be only for connection between operating mechanisms and central control panel.
Cables should be for outdoor installation, equipped with appropriate connectors for
fast and reliable erection of circuit breaker.

3.5.3.15.2 Terminals for connection of cables within operating mechanism and central control
panel must be equivalent to PHENIX type UK6N and UK10N.

3.5.3.15.3 Provide a sufficient space for cables entrance inside operating mechanism and
central control panel.

3.5.3.16 Support Metal Structure
3.5.3.16.1 Circuit breaker must be delivered with factory-prepared horizontal and vertical
supporting structure necessary for erection. Metal structures shall be galvanized.

3.5.3.16.2 Final design of construction will be subject of later agreement. Metal structures shall
be galvanized with minimum 70um zinc layer.

3.5.3.17 Environmental Protection

Design of circuit breakers shall be designed to take maximum care of environment.

3.5.3.18 Insulators

3.5.3.18.1 Insulators shall be made of brown porcelain or Silicon/Composite type, according to
technical specifications. Any connection between porcelain and flange shall be
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made with Portland cement. The connection itself shall be handled with such
manner so as to prevent retaining or intrusion of moisture. During Acceptance tests
Manufacturer shall present a type and routine test report of porcelains.

3.5.3.18.2 Minimum creepage distance is 31.5 mm/kV.

3.5.3.19 Nameplates
Nameplates should have data written in English language:

Manufacturer name

Country of origin

Applicable standard

Type of circuit breaker

Type of operating mechanism

Rated voltage

Rated lighting impulse withstand voltage

Rated switching impulse withstand voltage

Rated frequency

Rated current

Rated duration of short circuit

Rated short time withstand current

Rated short time withstand current of a no-load OHL
Average making time

Rated operating sequence

Class of CB (Electrical,Mechanical,Capacitive switching)
Rated gas pressure on 20°C

Mass of a SFs gases

Weight of a circuit breaker

Year of production

Factory number

Factory number (numbers) of operating mechanisms

3.5.3.20 Special Equipment and Tools

3.5.3.20.1 The Contractor is obliged to deliver all equipment and tools required for installation,
dismantling, testing and maintenance of equipment. Special equipment and tools
shall be of the highest quality and suitable for field work.

3.5.3.20.2 A handle for manual winding shall be found in all operating mechanisms.

3.5.3.20.3 SFs gas cylinder with valve and instruments for refilling and

3.5.3.20.4 SFs leakage detector

3.5.3.20.5 All materials to be used shall be new. A list of a special equipment and tools shall be
delivered with a bid. The Employer reserves the right to request any other special
equipment or tools during training or testing, which he finds necessary, free of
charge, although such equipment or tools were not on the list of special equipment
and.
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3.5.3.21 Spare Parts

Contractor is obliged to enclose with the bid a list of recommended spares required for
operation and maintenance necessary for 10 years period.

3.5.3.22 Packing, Shipment and Transportation

3.5.8.22.1

3.5.3.22.2

3.5.3.22.3

3.5.3.224

The Contractor is obliged to arrange preparation, packing and transport of the
equipment.

Each circuit breaker shall be separately packed. It is not allowed to pack parts for
more circuit breakers in single package.

The equipment shall be packed and ready to be stored for a longer period. All
operating mechanisms shall be provided and packed so as the heater can be
connected. For this purpose provide a suitable cable with a plug.

Sufficient quantity of SFs gas must be delivered for the first gas filling and eventually
refilling.

3.5.3.23 Inspection and Tests

3.5.8.23.1

3.5.3.23.2

3.5.3.23.3

3.5.3.234

Tests shall be carried out in order to determine whether the material and equipment
comply with the required properties. All tests on the materials and equipment shall
be made in accordance with IEC standards. Testing shall not impair the properties
and reliability of a test object or reduce its lifetime.

Type tests shall be performed on each type and rating of the specified equipment
with the purpose of proving its properties. Detailed list of type tests shall be attached
to the bid along with the copies of the Type tests certificates.

Routine tests shall be performed on each piece of equipment to be supplied, for the
purpose of revealing faults in material or construction.

Acceptance test shall be conducted in the Manufacturer's laboratory in a presence
of three representatives of the Employer, before delivery. All costs including visa
fee, health insurance, transport, accommodation, food, daily allowance as well as
costs for the tests shall be borne by the Contractor and included in the contract
price.Acceptance test will be conducted in accordance with the program of routine
tests.

3.5.3.24 Type Tests

The following type tests shall be conducted on each type and class of the specified equipment
for the purpose of proving its properties:

Dielectric tests

Power frequency withstand voltage test (wet and dry)
Lightning impulse voltage tests

Test on auxiliary and control circuit

Radio interference voltage (r.i.v.) test
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Measurement of the resistance of the main circuit
Temperature rise test

Short time withstand current and peak withstand current test
Verification of the degree of protection

Tightness test

Electromagnetic compatibility (EMC) tests

Mechanical operation test at ambient air temperature

Static terminal load test

Short circuit current making and breaking tests, including short line fault tests
Capacitive current switching tests

Magnetizing and small inductive current switching tests

3.5.3.25 Routine Tests

The following type tests shall be conducted on each piece the equipment to be supplied for the
purpose of revealing faults in material or construction:

Dielectric test on the main circuit including partial discharge measurement
Dielectric test on auxiliary and control circuits

Measurements of the resistance of the main circuit

Design and visual checks

Mechanical operating tests

Tightness test

Measurement of gas condition

3.5.3.26 Documentation
Documentation attached to the bid shall include minimum the following:

Manufacturer's Authorization

Manufacturer's Quality control certificate

Detailed list of type test for each type and class of the specified equipment
Copies of type test reports

Equipment-related catalogues

Reference list for previous five years

Drawings, schematic diagrams and similar

List of special equipment and tools

List of recommended spare parts

Training plan (if any, as required by specification)

For each circuit breaker, in one of the operating mechanisms the following documentation shall
be delivered:

Drawings
Schematic diagrams
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Instruction manuals for installation, testing and maintenance
Test protocol of acceptance testing

All documents, tables and rating plates attached to the equipment shall be in English language.

3.5.4 HV Disconnectors

This chapter covers the ratings, design, equipment requirements, inspection and testing of the
equipment. It states only those general aspects that are meant to ensure minimum requirements
with respect of quality and performance.Other details and specific data are contained in the
technical data schedules.

Properties, testing and ratings of the equipment shall at least conform to the latest edition of the
relevant IEC and British standards.The Contractor is obliged to provide complete equipment,
even if the details are not mentioned specifically in the following specifications.

3.5.4.1 General Design

Disconnectors shall be for outdoor installation, double column, centre break. Disconnectors
shall comply with the requirements of IEC 60129, IEC 60265, IEC 60273, IEC 60694, IEC
60815, IEC 62271. Insulators shall be porcelain, brown colour and follow the dimensions ad
characteristics defined in the technical specifications.

Operating Mechanism

3.5.4.1.1 Disconnectors without earthing blade shall have one operating mechanisms,
compliant to the technical specifications.

3.5.4.1.2 Disconnectors with earthing blade shall have two separate operating mechanisms,
compliant to the technical specifications. It is not allowed that drive mechanisms of
main and earthing blades be located in the same housing.

3.5.4.1.3 Operating mechanisms housing shall be made of aluminium or stainless steel.
Anticorrosion protection is not anticipated. Operating mechanism shall be easily
accessible constructed for exchange needs.

3.5.4.1.4 All operating mechanisms shall be motor driven, providing the option of manual
operation, too. Motor shall be maintenance-free unit. Motor shall be AC, single
phase, designed for 230 V, 50 Hz. Motor protection shall be provided with miniature
circuit breaker (MCB) having alarm (signalling) contact. Alarm for MCB outage shall
be provided. If three-phase MCB is used, the circuit shall be made through all three
contacts. Neutral phase shall not be interrupted. After the MCB, the motor circuit
shall be positioned with the voltage presence controller (voltage detector relay).
Control voltage for electric controls of the disconnector shall be conditioned by the
presence of voltage for the motor supply.

3.5.4.1.5 Alarm (signalling) and control voltage shall be 110Vv/125V/220V, DC. (Based on
existing system) Control over disconnectors shall be two-pole, i.e. both polarities
shall be interrupted in control circuits. Selection switch for local/neutral (manual)/
remote controls shall be provided in each operating mechanism. Suitable push
buttons shall be provided on all control operating mechanisms.

3.5.4.1.6 Option of mechanical blocking and locking of disconnector at both work positions
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shall be provided.

Blockings shall have latches (bolts) for prevention of electric operation in case of
manual manipulation, when crank of manual unit is put in work position.

Provide that the crank for manual operation cannot be inserted if the selection
switch has not been put in manual position. When the crank is inserted, the electric
control over disconnector shall not be possible regardless to the position of selection
switch.

All operating mechanisms shall be equipped with heater to prevent condensation.

All operating mechanisms shall have lighting, with automatic switch located at the
door of the operating mechanism.

Heater and lighting shall be for 230 V AC, 50 Hz.

The circuits for supply of heater and lighting and socket shall be independent from
the circuits for motor supply.

All operating mechanisms shall be equipped with manual control regardless to the
type of operating mechanism.

A crank for manual control shall be found in each operating mechanisms.

Secondary connections must be made on terminal connections. Terminal
connections shall be made of best material. For AC circuits it shall be for 16 mm?
conductors and for other circuits it shall be for 6 mm? conductors.

All operating mechanisms shall have copper latches at the bottom of the cabinet for
earthing of the cable sheath.

Detachable plates for cable glands shall be provided at the bottom of each operating
mechanisms cabinet.

Housing protection shall be at least IP 54.0perating mechanism housing shall have
electric scheme on inner side of the door.

3.5.4.2 Control Circuits

3.54.21

Disconnector shall be designed and equipped with at least the following control units
to be found at all operating mechanisms:

Buttons for manual closing/opening
Control switch for operation mode local / neutral (manual) / remote, with an option of electric
blocking in "neutral" position,

3.5.4.2.2
Remotely

Control circuits shall be designed to operate under the following conditions:

Locally, via electric buttons in operating mechanism
Locally, using crank for manual operation.

3.5.4.3 Blocking

Mechanical and electrical blockings shall ensure to avoid minimum the following conditions:

Concurrent use of closing and opening Contractors
Use of electric motor in the course of manual operation
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Electric operation when the crank for manual operation has been inserted.
Activation of main blades when earthing blades are activated and vice versa
Mechanical blocking of the main blades when earthing blades are activated and vice versa

3.5.4.4 Auxiliary Contacts
Manufacturer shall for each mechanism provide sufficient humber of mechanical auxiliary

contacts for normal closing and normal opening, number specified in the Technical Data
Schedules.The auxiliary contacts shall be Class 1 and shall offer the option of time adjustment.

3.5.4.5 High-Voltage Terminals
High-voltage terminals shall be:
horizontal,

flat,

for aluminium conductor,

minimum area of 100 x 100 mm.
with minimum four holes 14 mm diameter, at 50 mm distance between each other.

3.5.4.6 Metal Structure
The Contractor shall provide and deliver suitable horizontal supporting structure. The horizontal

supporting structure as well as all other pertinent metal components shall be galvanized with
minimum 70um zinc layer.

3.5.4.7 Environmental Protection

Design of Disconnectors shall be designed to take maximum care of environment.

3.5.4.8 Insulators

Insulators shall be made of brown porcelain, according to technical specifications. Any
connection between porcelain and flange shall be made with Portland cement. The connection
itself shall be handled with such manner so as to prevent retaining or intrusion of moisture.
Metal parts shall be galvanized with minimum 70 ym zinc layer.

Minimum creepage distance is 31.5 mm/kV.

3.5.4.9 Special Equipment AND Tools

3.5.4.9.1 The Contractor is obliged to deliver all equipment and tools required for installation,
testing and maintenance of disconnectors. Special equipment and tools shall be of
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the highest quality and suitable for field work. All materials to be used shall be new.

3.5.4.9.2 Special equipment and tools list shall be defined by the Technical data Schedule.
Special equipment and tools shall be supplied in a number defined by the Technical
data Schedule.

3.5.4.9.3 The Employer reserves the right to request any other special equipment or tools
during training or testing, which he finds necessary, free of charge, although such
equipment or tools were not on the list of special equipment.

3.5.4.10 Spare Parts

Contractor is obliged to enclose with the bid a list of recommended spares required for
operation and maintenance of disconnectors.

3.5.4.11 Packing, Shipment and Transportation

Each disconnector shall be separately packed. It is not allowed to pack parts for more
disconnectors in one package. The equipment shall be packed and ready to be stored for a
longer period. All operating mechanisms shall be provided and packed so as the heater can be
connected. For this purpose provide a suitable cable with a plug.

3.5.4.12 Inspection and Tests

Tests shall be carried out in order to determine whether the material and equipment comply with
the required properties. All tests on the materials and equipment shall be made in accordance
with IEC standards. Testing shall not impair the properties and reliability of a test object or
reduce its lifetime.

Type tests shall be performed on each type and rating of the specified equipment with the
purpose of proving its properties. Detailed list of type tests shall be attached to the bid along
with the copies of the Type tests certificates.

Routine tests shall be performed on each piece of equipment to be supplied, for the purpose of
revealing faults in material or construction.

Acceptance test shall be conducted in the Manufacturer's laboratory in a presence of three
representatives of the Employer, before delivery. All costs including visa fee, health
insurance, transport, accommodation, food, daily allowance as well as costs for the tests
shall be borne by the Contractor and included in the contract price.

Acceptance test will be conducted in accordance with the program of Routine tests.

3.5.4.13 Type Tests

The following type tests shall be conducted on each type and class of the specified equipment
for the purpose of proving its properties:
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Dielectric tests

Power frequency withstand voltage test (wet and dry)
Lightning impulse voltage tests

Artificial contamination test

Auxiliary and control circuits test

Radio interference voltage test (r.i.v.)

Main circuit resistance test

Temperature rise test

Short circuit withstand current test and impulse withstand current tests
Earthing blade operation performance test

Operation and mechanical endurance tests

Busbar breaking currents test

A detailed list of type tests shall be attached to the bid.

3.5.4.14 Routine Test

The following type tests shall be conducted on each piece the equipment to be supplied for the
purpose of revealing faults in material or construction:

Main circuit dielectric test

Aukxiliary circuits and control circuits dielectric test
Main circuit resistance measurement

Visual inspection

Functionality check and mechanical operation test

Documentation
Documentation attached to the bid shall include minimum the following:

Manufacturer's authorization

Manufacturer's quality control certificate

Detailed list of type test for each type and class of the specified equipment
Copies of type test reports

Equipment-related catalogues

Reference list for previous five years

Drawings, schematic diagrams and similar

List of special equipment and tools

List of recommended spare parts

Training plan

For each disconnector, in one of the operating mechanisms the following documentation shall
be delivered:

Drawings
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Schematic diagrams
Instruction manuals for installation, testing and maintenance
Test protocol of acceptance testing

All documents, tables and rating plates attached to the equipment shall be in English language.

3.5.5 HV Instrument Transformers

3.5.5.1 This chapter covers the ratings, design, equipment requirements, inspection and
testing of the equipment. It states only those general aspects that are meant to ensure
minimum requirements with respect of quality and performance.
3.5.5.2 Other details and specific data are contained in the Technical Data Schedules.
3.5.56.3 Properties, testing and ratings of the equipment shall at least conform to the latest
edition of the relevant IEC and British standards.
3.5.5.4 The Contractor is obliged to provide complete equipment, even if the details are not
mentioned specifically in the following specifications.
3.5.5.5 Current transformers in the existing substations shall be carefully chosen. Final
characteristics may be different from the characteristics in the single line diagram
and/or in the technical schedules. They shall be defined during the design stage and
shall be appropriate for busbar protection in the existing substation.
3.5.56.6 General Design- Current Transformers
3.5.5.6.1 The current transformers shall be for outdoor installation, single phase, head type,
hermetically sealed, oil-paper immersed. SF6 gas is not allowed. They shall be multi
core with appropriate characteristics. They shall be designed to allow secondary
reconnection. Primary reconnection is not allowed.
3.5.5.6.2 The current transformers shall be supported by a porcelain insulator. They shall
comply with IEC 60044 and shall be equipped with:
3.5.5.6.3 Expansion chamber/and internal metal bellows type oil gauge diaphragm.
3.5.5.6.4 Device for determining insulating medium level.
Oil drain cock and sampling device.
tgd measuring connection
Low voltage terminal box
Enable sealing after accuracy class checks (sealing possibilities).
Overpressure device
Adequate earth terminal connection

3.5.5.6.5 Oil compensation system must be metallic. Other materials won’t be accepted.
Moreover, Insulators must be cylindrical or conic shape, with cemented flanges.

3.5.5.6.6 Current transformers must be top core design with aluminum housing. Current
transformers must be equipped with a tangent delta tap, in order to take
measurements at site. This tangent delta tap must be such that the whole internal
insulation must be covered during testing. Details must be given for evaluation and
for approval during execution.
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General Design - Voltage Transformers

3.5.5.6.7

3.5.5.6.8

3.5.5.6.9

3.5.5.6.10

3.5.5.6.11

The voltage transformers shall be for outdoor installation, single phase, hermetically
sealed.

Capacitive voltage transformers as insulation medium shall be oil-paper immersed
or impregnate-mixed dielectric. Inductive voltage transformers as insulation medium
shall be oil-paper immersed, only. SFs gas is not allowed.

The tgd for capacitive divider of capacitive voltage transformers shall not be greater
than 0.1%.For efficient suppression of the ferro-resonance feature, working
induction of intermediate transformer of capacitive voltage transformer should be <
0.5 T. Such shall be verified during detail design through appropriate document.

The voltage transformers shall have multi secondary windings appropriate
characteristics. Capacitive voltage transformers should be used as capacitor for HF
connection. They shall be supported by porcelain insulator.

The voltage transformers shall comply with IEC 61869. They shall be equipped with:

Expansion chamber/and internal metal bellows type oil gauge diaphragm.

Device for determining insulating medium level

Qil drain cock and sampling device

tgd measuring connection

Low voltage terminal box

Adequate earth terminal connection

Enable sealing after accuracy class checks (sealing possibilities)

terminal connection for anti-ferro-resonance control for capacitive voltage transformers
HF connection terminal for capacitive voltage transformers

Overpressure device

3.5.5.6.12

3.5.5.6.13

Oil compensation system must be metallic. Other materials won't be accepted.
Moreover, Insulators must be cylindrical or conic shape, with cemented flanges.
Voltage transformers must be top core design with aluminum housing. Voltage
transformers must be equipped with a tangent delta tap, in order to take
measurements at site. This tangent delta tap must be such that the whole internal
insulation must be covered during testing. Details must be given for evaluation and
for approval during execution.

3.5.5.7 High-Voltage Terminals

High-voltage terminals shall be:

horizontal ( or vertical, for voltage transformers only ),

flat,

for aluminium conductor,
minimum area of 100 x 100 mm, with four holes, 14 mm diameter, at 50 mm distance between
each other
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3.5.5.8 Permissible Partial Discharges Level
Instrument transformers should be so designed to have a neglect level of partial discharges.
Contractor shall guarantee a partial discharge level lower or equal to maximum allowed

according to the IEC standards (IEC 60044). It is desirable that partial discharge level should be
as lower as it is possible.

3.5.5.9 Outdoor Insulation

Outdoor insulation of instrument transformers shall consist of porcelain insulator element.
Insulators shall be made of brown porcelain, according to technical specifications. Any
connection between porcelain and flange shall be made with Portland cement. The connection
itself shall be handled with such manner so as to prevent retaining or intrusion of moisture.
Metal parts shall be made of aluminium, stainless steel or shall be galvanized with minimum 70

um zinc layer.

Minimum creepage distance is 31.5 mm/kV.

3.5.5.10 Environmental Protection

Design of Instrument transformers shall be designed to take maximum care of environment.

3.5.5.11 Mechanical Terminal Loads

Instrument transformers shall fulfil at least mechanical requirements of Class II.

3.5.5.12 Mechanical Protection

Design of instrument transformers shall provide hermetically sealing of active parts. Secondary
terminal box shall be mechanical protection level min. IP54.

3.5.5.13 Anticorrosion Protection
All outdoor metal parts shall be made of aluminium, stainless steel or shall be galvanized with
minimum 70 ym zinc layer. All screws and other connecting material must be made of stainless

steel.

It is not allowed to use material with anticorrosion protection, except metal support structure,
which shall be galvanized with minimum 70 pym zinc layer.

3.5.5.14 Packing, Shipment and Transport
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The Contractor is obliged to arrange for preparation, packing and transport of the
equipment.Each instrument transformer shall be separately packed. Copy of a routine test
report shall be submitted together with each piece of instrument transformer.

3.5.5.15 Inspection and Tests

Tests shall be carried out in order to determine whether the material and equipment comply with
the required properties. All tests on the materials and equipment shall be made in accordance
with IEC standards. Testing shall not impair the properties and reliability of a test object or
reduce its lifetime.

Type tests shall be performed on each type and rating of the specified equipment with the
purpose of proving its properties. Detailed list of type tests shall be attached to the bid along
with the copies of the Type tests certificates.

Routine tests shall be performed on each piece of equipment to be supplied, for the purpose of
revealing faults in material or construction.

Special tests shall be performed on each piece of equipment before delivery, during the
acceptance test

Acceptance test shall be conducted in the Manufacturer's laboratory in a presence of three
representatives of the Employer, before delivery. All costs including visa fee, health
insurance, transport, accommodation, food, daily allowance as well as costs for the tests
shall be borne by the Contractor and included in the contract price.

Acceptance test will be conducted in accordance with the program of routine tests.

3.5.5.16 Type Tests of Current Transformers

The following type tests shall be conducted on each type and class of the specified equipment
for the purpose of proving its properties:

Short-circuit withstand capability test

Short-duration current test

Temperature rise test

Lighting impulse tests

Switching impulse test

Wet test

Determination of errors

Test of secondary winding resistance for PR and TPY class
Determination induce characteristic of a secondary winding for TPY class
Determination of remanence factor for PR and TRY class
Determination of a secondary loop time constant for PR and TPY class
Accuracy class test for TPY class

Determination construction factor for TPY class

Radio interference voltage measurement test (RIV)

Seismic test
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Wind pressure test.

3.5.5.17 Type Tests of Capacitive Voltage Transformers

The following type tests shall be conducted on each type and class of the specified equipment
for the purpose of proving its properties:

Accuracy class test

Temperature rise test

Measurement of capacitance and dielectric dissipation factor
Chopped impulse tests

Radio interference voltage measurement test (RIV)
Short-circuit withstand capability test

Lighting impulse tests

Switching impulse test wet

Transient response test

Ferro-resonance test

Tightness test of liquid-filed electromagnetic unit
Voltage and phase accuracy test

3.5.5.18 Type Test of Inductive Voltage Transformers

The following type tests shall be conducted on each type and class of the specified equipment
for the purpose of proving its properties:

Temperature rise test

Short-circuit withstand capability test

Lighting impulse tests

Switching impulse test

Power frequency voltage wet test

Determination of voltage and phase errors

Radio interference voltage measurement test (RIV)
Seismic test

Wind pressure test

Measurement of capacitance and dielectric dissipation factor
Chopped impulse tests

Transient response test

Ferro-resonance test

Tightness test of liquid-filed electromagnetic unit

3.5.5.19 Routine Tests

The following type tests shall be conducted on each piece the equipment to be supplied for the
purpose of revealing faults in material or construction:
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Routine Tests-Current Transformers

Verification of terminal markings

Power frequency withstand tests on primary windings
Partial discharge measurement

Measurement of capacitance

Measurement of dielectric dissipation factor (tgd)
Power frequency withstand tests on secondary windings
Power frequency withstand tests between sections
Inter-turn overvoltage test

Insulation resistant test

Instrument security factor test

Security factor test

Accuracy class test

Galvanizing test

3.5.5.20 Routine Tests-Capacitive Voltage Transformers
On capacitive divider of capacitive voltage transformers:
Measurement of capacitance
Measurement of dissipation factor (tgd)
Power frequency withstand tests
Partial discharge measurement
Measurement of capacitance (again)
Measurement of dissipation factor (tgd)( again)
Measurement of capacitance separately C1 and C2
Power frequency withstand tests on low voltage terminals of capacitive divider.
On electromagnetic unit of capacitive voltage transformer:
Power frequency withstand tests
Power frequency withstand tests on low voltage terminals of capacitive divider
Power frequency withstand tests on secondary windings
On complete of capacitive voltage transformer:
Verification of terminal markings
Ferro-resonance test
Accuracy class test
Galvanizing test
Routine Tests-Inductive Voltage Transformers
Verification of terminal markings
Partial discharge measurement
Measurement of capacitance
Measurement of dissipation factor (tgd) 2 kV
Power frequency withstand tests on low voltage terminals.
Power frequency withstand tests on secondary windings.
Accuracy class test
Galvanizing test

3.5.5.21 Special Tests-Inductive Voltage Transformers
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The following type tests shall be conducted on each piece the equipment to be supplied for the
purpose of revealing faults in material or construction:

High frequency transient voltage test
Over pressure device test

3.5.5.22 Documentation
Documentation attached to the bid shall include minimum the following:

Manufacturer's Authorization

Manufacturer's Quality control certificate

Detailed list of type test for each type and class of the specified equipment
Copies of type test reports

Equipment-related catalogues

Reference list for previous five years

Drawings, schematic diagrams and similar

List of special equipment and tools, if any

List of recommended spare parts, if any

For each instrument transformer, the following documentation shall be delivered:

Drawings

Schematic diagrams

Instruction manuals for installation, testing and maintenance
Test protocol of acceptance testing

All documents, tables and rating plates attached to the equipment shall be in English language.
For, 33kV IT (CT & IVT) , there shall be two secondary terminals, one for revenue metering and
other for substation metering & protection purpose.
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3.5.6 Neutral Grounding Resistor

The earthing resistors shall be of the metal grid type with enclosure having degree of
protection IP 33 and suitable for outdoor service on the neutral earthing system as specified.
The framework and enclosure shall be of galvanised steel. The grids shall be adequately
supported on steel rods and porcelain insulators and be designed to withstand the currents
flowing under fault conditions. Adequate insulating barriers shall be provided to prevent
internal flashover.

The resistor shall be complete with lifting and jacking lugs, access panels, holding down
bolts or clamps, earth terminals, connectors and connections.

The bushing shall have a minimum creepage distance of 31.5mm/kV of rated system phase
to neutral voltage.

The specified resistance shall be that at the design ambient temperature and it shall be
capable of passing the specified current for 10 seconds with a maximum temperature rise
as stated in the Schedule of Guarantees.

3.5.7 Busbars, Conductors, and Connections

Busbars and electrical connections in outdoor substations shall be in accordance with BS
215, 159 and 2898 and relevant IEC standards in respect of current rating and material
analysis.

Overhead conductors carried by the switchyard structures shall be erected with such sags
and tensions that when the conductors are subjected to the load combinations in Section
11, the factor of safety will not be less than 3.5. The switchyard structures shall be designed
considering the sag limit at minimum ambient temperature (50c) in still air not exceeding
one(1) percent of the horizontal span length. Conductor sag chart and clearance data shall
be subject to approval of Engineer.

Materials used for busbars and connections shall be stressed to not more than two-fifths of
their elastic limit. Provision shall be made for expansion and contraction with variation in
conductor temperature and busbars shall be arranged so they may be readily extended in
length with @ minimum of disturbance to existing equipment.

Flexible Bus-Bars shall be used for 400kV, 230kV,132kV & 33kV busbar. Other
configuration of the busbar shall be as specified in the drawings of bid document.

3.5.7.1 Tubular Bus Conductors

General
Aluminium used shall be of grade 63401 WP conforming to relevant IEC/BS Standard.

Constructional Features

a)  For outside diameter (OD) & thickness of the tube there shall be no minus tolerance. The
other requirements shall be as per I[EC 114.

b)  Corona bells shall be provided wherever the bus extends beyond the clamps and on free
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ends for sealing the ends of the tubular conductor against rain and moisture and to reduce
the electrostatic discharge loss at the end points. There shall be small drain hole at the end
of each corona bell.

The welds in the aluminium tubes shall be kept to the minimum and there shall not be more
than one weld per span. The procedure and details of welding shall be furnished for
approval of the Employer. Material for welding sleeve shall be same as the Aluminium tube.

Parameters

The size and other parameters of tubular bus conductors suitable for the busbar
specification stated in Appendix A1 in Volume 3 of the bid document shall be determined by
the Contractor.

Tests

The tests shall be conducted on tubular bus conductors as per relevant [EC Standard. Also
the wall thickness and ovality of the tube shall be measured by ultrasonic method. In
addition to the above tests, 0.2% proof test on both parent metal and aluminium to be after
welding shall be conducted.

3.5.7.2 Flexible Busbars and Earth Wire

General

The conductors shall conform to relevant IEC/BS Standard. The number and diameters of
the individual wires forming the finished conductor shall be subject to approval of Engineer.

Constructional Features

Workmanship

All the aluminium strands shall be smooth, uniform and free from all imperfections, such as
spills and splits, die marks, scratches, abrasions and kinks after drawing and also after
stranding. The finished conductor shall have a smooth surface without any surface cuts,
abrasions, scuff marks and shall be free from dirt, grit etc.

Joints in Wires

No joints shall be permitted in the individual wires in the outermost layer of the finished
conductor. However, joints in the inner layers of the conductor shall be allowed but these
joints shall be made by cold pressure butt-welding and shall be such that no two such joints
are within 15 metres of each other in the complete stranded conductor.

Materials

The aluminium strands shall be hard drawn from electrolytic aluminium rods having purity
not less than 99.5% and a copper content not exceeds 0.04%.

Parameters

The size, rating, number of conductors per phase and the configuration, etc. shall be
determined by the Contractor.

Tender Document: Design, Supply, Erection, Testing & Commissioning of capacity enhancement and Capacitor Bank

installation with associated switchgear in existing grid substation. (Package-2, Lot-2)




169
Tests

The following type, acceptance and routine tests and tests during manufacture shall be
carried out on the conductor in addition to the tests specified in relevant applicable
standards.

a) Type Test

DC Resistance Test on Stranded Conductor On a conductor sample of minimum 5 m length
two contact clamps shall be fixed with a predetermined bolt torque. The resistance shall be
measured by Kelvin double bridge by placing the clamps initially zero meter and
subsequently one meter apart. The test shall be repeated at least five times and the
average value recorded. The value obtained shall be corrected to the value at 20 0C as per
relevant |IEC Standard.

b)  Acceptance Test
i) Visual and Dimensions check on Drums
i) Visual Check for Joints, Scratches etc.
iy ~ Dimensional check on Aluminium Strands

iv)  Check for lay-ratios of various Layers The following tests shall be conducted once on
sample/samples of conductor.

- Breaking load test on aluminium strands
- Wrap load test on aluminium strands
- DC resistance tests on aluminium strands

All the above tests shall be carried out on aluminium strands after stranding only.

c)  Routine Tests

i) Check to ensure that the joints are as per specification.

i) Check that there are no cuts, fins, etc. on the strands.

i)~ Check that drums are as per specification.

iv)  All acceptance tests as mentioned above are to be carried out on each coil
d)  Tests During Manufacture

Chemical Analysis of Aluminium used for making aluminium strands Samples taken from
the aluminium ingots/coils/ strands shall be chemically/spectrographically analyzed. The
same shall be in conformity to the specified requirements.

e)  Packing

The conductor shall be supplied in strong wooden drums constructed to protect the
conductor against all damage and displacement during transit, storage and subsequent
handling and stringing operations in the field. The drums shall generally conform relevant
|EC/Standard. Only one length of conductor shall be wound on each drum.

3.5.7.3 Clamp and Connectors
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General

a)  Conductor clamps shall be compression type except for shield wire in accordance with BS
3288 and shall be made of materials listed below :

For connecting ACSR conductors: Aluminium alloy casting

For connecting equipment terminals made of copper with ACSR conductors: Bimetallic
connectors made from aluminium alloy casting with 2mm thick Bimetallic liner

For connecting G.I. Shield wire : Galvanised mild steel

Bolts, nuts & Plain washers: Electro galvanised for sizes below M12, for others hot dip
galvanised

Spring washers: Electro-galvanised mild steel suitable

b)  Equipment shall be supplied with the necessary terminals and connectors, as required by
the ultimate design for the particular installation. The conductor terminations of equipment
shall be either expansion, sliding or rigid type. The requirements regarding external corona
and RIV as specified for any equipment shall include its terminal fittings and the equipment
shall be factory tested with the connectors in position. In case the connector is not available
then equivalent connector may be used. If corona rings are required to meet these
requirements they shall be considered as part of that equipment and included under this
scope of Work.

c)  Where copper to aluminium connections are required, bi-metallic clamps shall be used,
which have been properly designed to ensure that any deterioration of the connection is
kept to a minimum and restricted to parts which are not current carrying or subjected to
stress. The design details of joint shall be furnished to the Employer.

d)  Low voltage connectors, grounding connectors and accessories for grounding all equipment
as specified are also included in the scope of Work.

e)  No current carrying part of any clamp shall be less than 10 mm thick. All ferrous parts shall
be hot dip galvanised. Copper alloy liner of minimum 2mm thickness shall be cast integral
with aluminium body for Bi-metallic clamps. When copper alloy is not cast integral with
aluminium body, a bimetallic washer or strip shall be used to meet the functional
requirement.

f) Al casting shall be free from blow holes, surface blisters, cracks and cavities. All sharp
edges and corners shall be blurred and rounded off.

g)  Flexible connectors, braids or laminated straps made for the terminal clamps for bus posts
shall be suitable for both expansion or through (fixed/sliding) type connection of IPS
Aluminium tube as required. In both the cases the clamp height (top of the mounting pad to
centre line of the tube) should be same.

h)  Clamp shall be designed to carry the same current as the conductor and the temperature
rise shall be equal or less than that of the conductor at the specified ambient temperature.
The rated current for which the clamp/connector is designed with respect to the specified
reference ambient temperature, shall also be indelibly marked on each component of the
clamp/connector, except on the hardware.

i) Al current carrying parts shall be designed and manufactured to have minimum contact
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resistance.
Constructional Feature

All casting shall be free from blow holes, surface blisters, cracks and cavities. All sharp
edges and corners shall be blurred and rounded off. Size of the terminal/connector for which
the clamp/ connector is suitable shall be embossed/punched (i.e. indelibly marked) on each
components of the clamp/connector, except on the hardware. The clamp shall be designed
to carry the same current as the conductor and the temperature rise shall be equal or less
than that of the conductor at the specified ambient temperature. The rated current for which
the clamp/ connector is designed with respect to the specified reference ambient
temperature, shall also be indelibly marked on each component of the clamp/connector,
except on the hardware. All current carrying parts shall be designed and manufactured to
have minimum contact resistance. The Corona extinction voltage for 400 kV and 230 kV
class clamps shall not be less than 320 kV and 156 kV respectively.

Tests

The clamps and connectors shall be subject to type and routine tests as per relevant IEC
Standard. Type tests as per IEC Standard shall be carried out on one sample of each type
and design. One sample of each type and design shall also be type tested for:

Temperature rise test

Short time current test

Dry corona and RIV test
Resistance test and tensile test

3.5.7.4 Spacers

3.5.8

General
The spacers shall conform to relevant IEC/ BS Standard.

Constructional Features

No magnetic material should be used in the fabrication of the spacers except for the Gl bolts
and nuts. Spacer design shall be made to take care of fixing and removing during
installation and maintenance. The design of spacer shall be such that the conductor does
not come in contact with any sharp edge.

Tests

The spacers shall be subjected to the type tests, acceptance tests and routine tests in
accordance with relevant IEC/BS Standard.

Insulators, Bushing, Buses and Hardware

3.5.8.1 Bushings and Support Insulators
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General

Bushings shall be manufactured and tested in accordance with IEC-60137 while hollow
column insulators shall be manufactured and tested in accordance with IEC-60233. The
support insulators shall be manufactured and tested as per IEC-60168, IEC-60273. The
insulators shall also conform to IEC-60815 as applicable. All bushings shall be one piece
only and no joints shall be accepted.

Constructional Features

a) Porcelain used shall be homogeneous and free from imperfections that might affect the
mechanical or dielectric quality.

b)  Glazing of the porcelain shall be of uniform brown colour, free from blisters, burns and other
similar defects. The ground surface shall not be glazed.

c)  Condenser type bushing shall be provided with :
i) QOil level gauge.
i) Qilfilling plug and drain valve if not hermetically sealed.
iy  Tap for capacitance and tan delta test.

d)  When bushings have an under-oil end of re-entrant form, the pull through lead shall be fitted
with a gas bubble deflector.

e)  Where current transformers are specified, the bushings shall be removable without
disturbing the current transformers.

f)  Bushings of identical rating shall be interchangeable.
g)  Noarching horns shall be provided on the bushings.

h)  All ferrous parts shall be hot dip galvanized or zinc plated and passivated. All joints shall be
air tight. Insulator/bushing design shall be such as to ensure a uniform compressive
pressure on the joints.

i) Support insulators/bushings/hollow column insulators shall be designed to have ample
insulation, mechanical strength and rigidity for the conditions under which they shall be
used.

j)  When operating at rated voltage there shall be no electric discharge between conductor
and insulators which would cause damage to conductors or insulators by the formation of
substances produced by chemical action. No radio interference shall be caused when
operating at rated voltage.

k)  The design of the insulator shall be such that stresses due to expansion and contraction in
any part of the insulator shall not lead to deterioration.

[)  The Bidder/Contractor shall define the type of insulator (type A or B) as per IEC-60168.

m)  Bushing porcelain shall be robust and capable of withstanding the internal pressures likely
to occur in service. The design and location of clamps and the shape and the strength of the
porcelain flange securing the bushing to the tank shall be such that there is no risk of
fracture. All portions of the assembled porcelain enclosures and supports other than
gaskets, which may in any way be exposed to the atmosphere shall be composed of
completely non hygroscopic material such as metal or glazed porcelain.
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Special precaution shall be taken to exclude moisture from paper insulation during
manufacture, assembly, transport and erection. The surface of all paper insulation shall be
finished with non-hygroscopic varnish which can not be damaged easily.

Each porcelain insulator shall have marked upon it the manufacturer's name or identification
mark and year of manufacture. These marks shall be clearly legible after assembly of fittings
and shall be imprinted before firing, not impressed. Each complete bushing shall be marked
with the manufacturer's name or identification mark, year of manufacture, serial number,
electrical and mechanical characteristics in accordance with IEC 60137:1973.

Parameters

The parameters shall be determined by the Contractor, however the minimum performance
parameters for the 400kV, 230 kV, 132 kV and 33kV class post insulator shall be as per the
stipulation of Schedule-A of Volume 3 of 3(Schedule of Requirements).

Tests

Each type of bushing and insulator shall be subjected to type and routine tests in
accordance with applicable standards and acceptance test shall include one minute dry
power frequency withstand test and ultrasonic test (except for hollow insulator). The ultra
sonic test shall be done on the porcelain before assembly. All sample tests and special tests
shall also be conducted.

3.5.8.2 String Insulators and Hardware

General

The insulators for suspension and tension strings shall conform to relevant IEC/Standard.
Insulator hardware shall conform to relevant IEC/Standard. The insulation levels shall be
determined by the Contractor but the minimum performance characteristics shall be as
specified in Schedule A of Volume 3 of 3.

Constructional Features

Requirements specified in Clause 3.4.11.1 above shall also be applicable equally to string
(disc) insulators.

Suspension and tension insulators shall be wet process porcelain with ball and socket
connections. Insulators shall be interchangeable and shall be suitable for forming either
suspension or tension strings. Each insulator shall have rated strength markings on
porcelain printed and applied before firing.

Insulator hardware shall be uniform to the requirements stipulated for clamps and
connectors under Clause 3.4.10.3.

Insulator hardware shall be of forged steel. Malleable cast iron shall not be accepted except
for insulator disc cap. The surface of hardware must be clean, smooth, without cuts,
abrasion or projections. No part shall be subjected to excessive localized pressure. The
metal parts shall not produce any noise generating corona under operating condition.

Insulator hardware assembly shall be designed as per the design requirement but for at
least 4000 Kg. tensile load per phase for the switchyard with a factor of safety two (2).
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Similarly ground wire tension clamp shall be designed for at least 3500 kg tensile load with a
factor of safety of two (2).

f)  Tension string assembly shall be supplied along with suitable turn buckle (one turn buckle
per string).

g)  All hardware shall be bolted type.

h)  Asan alternative to disc insulator string, the Bidder/Contractor can provide a combination of
long rod insulators, with suitable hardware. This combination shall be suitable for application
specified and should offer the same equivalent parameters as would be available from the
insulator string composed of specified disc insulators and hardware combination. Further
the complete long rod insulator string shall be subject to the specified tests and the insulator
shall also be subject to all tests as per relevant standards. All other constructional features
specified above shall also apply to the long rod insulator string.

Parameters

The minimum parameters of insulator discs/complete insulator strings shall be as per the
stipulation of Schedule-A of Volume 3 of 3(Schedule of Requirements).

Tests

The insulators for suspension and tension strings and hardware shall be subjected to the
following type tests, acceptance tests and routine tests.

a)  Type Tests on Insulator Strings:

i) Dry and Wet Power Frequency Voltage withstand test with corona control rings and
arcing horns

i) Dry and Wet Switching surge voltage withstand test with corona control Ring
i) Dry and Wet Impulse Voltage Withstand test with corona control rings
iv)  Voltage distribution test
v)  Corona and RIV test (Dry Condition)
vi)  Mechanical strength test
b)  Type Tests on Disc Insulators:
i) Thermal and Mechanical performance tests
i)  Power frequency puncture withstand voltage
iy  Steep front wave test to be conducted as follows:

- This test shall be performed on five samples taken at random

- The insulators shall be subjected to five(5) positive and five (5) negative impulses
with  wave fronts of at least 2500 kV/microsecond

- In the case of low flashover values of porcelain puncture, the number of samples
shall be doubled or another test shall be performed.

iv)  Results of the second test should not show porcelain puncture
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c)  Acceptance Tests for Disc Insulators:
i) Visual examination
i) Verification of Dimensions
i)~ Temperature Cycle Test
iv)  Puncture Test
v)  Galvanizing Test
vi)  Mechanical performance Test
vii)  Test on locking device for ball and socket coupling
viii)  Porosity test
ix)  Electromechanical test

d)  Type Test on Hardware Fittings Only:

i) Magnetic power loss test for suspension assembly (For both suspension and drop
clamps)

e)  Acceptance Test on Hardware Fitting:
i) Visual Examination
i) Verification of Dimensions
i) Galvanizing/Electroplating tests
iv)  Slip strength test
v)  Shore hardness test for Elastometer (if applicable)

vi)  Mechanical strength test for each component (including corona control rings and
arcing horns)

vii)  Mechanical strength test on corona control rings
vii)  Test on locking devices for ball and socket coupling
f)  Routine Test on Disc Insulator/Long Rod Insulator:
i) Visual Inspection
i) Mechanical Routine Test
i)  Electrical Routine Test
g)  Routine Test of Hardware Fittings:
i) Visual examination
i) Mechanical strength test
h)  Test During Manufacture on all Components as Applicable on Disc Insulator:
i) Chemical analysis of zinc used for galvanizing

i) Chemical analysis, mechanical hardness tests and magnetic particle inspection for
malleable casting

i) Test During Manufacture on all Components as Applicable on Hardware Fittings:
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i) Chemical analysis of zinc used for galvanizing

i) Chemical analysis, mechanical hardness tests and magnetic particle inspection for
forgings.

iy Chemical analysis and mechanical hardness tests and magnetic particle inspection
for fabricated hardware.

Test Procedures

a)  Voltage Distribution Test(Dry)

The string shall be energised with 100 kV power frequency voltages. The voltage across
each insulator unit shall be measured by using a high impedance voltmeter. The voltmeter
shall be calibrated before and after the measurement. The voltage across any disc shall not
exceed 9% of the applied voltage for single and double suspension insulator string and 10%
for double tension insulator strings.

b)  Corona Extinction Voltage Test (Dry)

The sample assembly when subjected to power frequency voltage shall have a corona
extinction voltage of not less than 320 kV line to ground under dry conditions. There shall be
no evidence of corona on any part of the sample when all possible sources of corona are
photographed in a darkened room.

c) RIVTest(Dry)

Under the conditions as specified under b) above the insulator string alongwith complete
hardware fittings shall have a radio interference voltage level below 1000 microvolts at one
MHz when subjected to 50 Hz AC voltage of 266 kV (rms) line to ground under dry
conditions. The test procedure shall be in accordance with IEC-60437-1973.

d)  Mechanical Strength Test

The complete insulator string along with its hardware fittings shall be subjected to a load
equal to 50% of the specified minimum ultimate tensile strength (UTS) which shall be
increased at a steady rate to 67% of the minimum UTS specified. The load shall be held for
five minutes and then removed. After removal of the load, the string components shall not
show any visual deformation and it shall be possible to disassemble them by hand. Hand
tools may be used to remove cotter pins and loosen the nuts initially. The string shall then
be reassembled and loaded to 50% of UTS and the load shall be further increased at a
steady rate till the specified minimum UTS and held for one minute. No fracture should
occur during this period. The applied load shall then be increased until the failing load is
reached and the value recorded.

e)  Magnetic Power Loss Test for suspension assembly (for both drop and suspension clamp)

Two hollow aluminium tubes of 32 mm dia. shall be placed 450 mm or 250 mm apart
depending upon the voltage level at which test is to be done. An alternating current in the
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range of 200 to 600 Amps. shall be passed through each tube. The reading of the wattmeter
with and without two suspension assemblies along with the line side yoke plate clevis eye
shall be recorded. Not less than three suspension assemblies shall be tested. The average
power loss for the suspension assembly shall be plotted for each value of current. The value
of loss corresponding to 300 Amps shall be read from the graph. The magnetic power loss
of the clamp assembly with entire line fitting shall not exceed 4 watts at 600 Amps current
(rms).

f)  Mechanical Strength Test of each component

The load shall be so applied that the component is stressed in the same way as it would be
in actual service and the procedure as given in f) above should be followed.

g)  Chemical Analysis of Zinc used for galvanizing

Samples taken for the zinc ingot shall be chemically analyzed as per relevant IEC Standard.
The purity of zinc shall be not less than 99.5%.

h)  Test for Forgings, Castings & Fabricated Hardware

The chemicals analysis, mechanical hardness tests and magnetic particle inspection, shall
be as per the internationally recognized procedures for these tests. The sampling shall be
based on heat number and heat treatment batch. The details regarding test shall be
mutually agreed to by the Contractor and the Employer.

3.5.9 Interlocking Facilities

Disconnectors, earthing switches, circuit breakers, etc., shall be provided with an
interlocking system which ensures safe operation of the equipment under all service
conditions.

The interlocking scheme shall be designed for the final substation arrangement. The items
of plant supplied under this Contract shall be complete with all interlocking facilities needed
for the final arrangement, avoiding the need for future modifications.

Where mechanical key interlocks are employed, they shall be effective at the point where
hand-power is applied so that stresses cannot be transferred to parts remote from that point.

Tripping of the circuit-breaker shall not occur if any attempt is made to remove a trapped
key from the mechanism. Emergency tripping devices shall be kept separate and distinct
from any key interlocking system and shall be clearly labelled, suitably protected from
inadvertent operation but readily accessible.

Circuit-breakers shall be interlocked so that, except under maintenance conditions, it is not
possible to close a circuit-breaker unless the selected busbar and circuit disconnectors are
closed.

Except as stated below, disconnectors shall be so interlocked that they cannot be operated
unless the associated circuit-breaker is open. Where power transformers are banked
together, the individual transformer disconnectors shall be interlocked so that it is not
possible to make or break load current at the disconnectors.
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Provision for on load transfer of feeder circuits from one busbar to another shall be made
possible by interlocks which ensure that the section disconnectors, bus coupler and its
disconnectors are closed.

All electrical interlocks shall so function as to interrupt the operating supply, and an
approved system of interlocks shall be provided which shall cover the emergency hand
operation of apparatus which is normally power operated. Failure of supply (or its restoration
after an outage) or of connections to any electrical interlock shall not produce or permit
faulty operation. Electrical bolt interlocks shall be energised only when the operating
mechanism is being operated. Visible indication shall be provided to show whether the
mechanism is locked or free. Approved means, normally padlocked, shall be provided
whereby the bolt can be operated in the emergency of a failure of interlock supplies.

3.5.10 Auxiliary Switches and Contactors

Circuit-breakers, disconnectors and earthing devices and circuit selector disconnectors shall
be provided with suitably rated auxiliary switches and contactors, where permitted, to relay
circuit information for the purpose of control, protection, indication and metering at the
substation site as required by the relevant section of the Specification. In addition they shall
be provided with auxiliary contacts for position indication to the central system control room
via the remote supervisory system. Disconnector auxiliary switches are not to be used for
current transformer switching circuits.

Auxiliary contactors shall be provided only where the circuit requirement cannot be met by
the auxiliary switch arrangements and multiple contactors and relays will not be accepted in
lieu of the auxiliary switches except as specifically approved by the Engineer. Auxiliary
switches and contactors shall comply with the requirements of this Specification and in
particular shall be capable of operation within the same voltage limits as specified for the
associated circuit-breaker close and trip coils.

The connections of all auxiliary switches, including spares, and contactors as well as the
associated coil connections and interconnections between auxiliary switches, shall be wired
to a terminal board located in the operating cubicle or other approved position.

Auxiliary switches and contactors shall be mounted in an approved accessible position clear
of the main operating mechanism but with a minimum of additional mechanical linkages and
housed in a substantial weatherproof enclosure. Where adjustable linkages are provided to
facilitate the timing of the auxiliary switches with respect to the main equipment, approved
locking devices shall be fitted.

Auxiliary switch contacts shall be positively operated, make with a wiping action and, where
necessary, discharge resistors shall be provided to prevent arcing when breaking inductive
circuits.

Except for the contacts employed for control and interlocking, the requirements for auxiliary
switches in respect of timing shall be as follows:-

For Circuit-Breakers

Normally open contacts, with the exception of two sets of this type, shall close in about 10
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milliseconds after the making of the main circuit-breaker contacts and shall open in about 10
milliseconds before the separation of the main circuit-breaker contacts whilst the two
remaining sets shall close in about 5 milliseconds before the making of the main circuit
breaker contacts and open simultaneously with the main circuit contacts.

Normally closed contacts shall close 10 milliseconds after the opening of the main
circuit-breaker contacts and open at least 10 milliseconds before the making of the main
circuit-breaker contacts.

For Busbar Disconnectors

The operating sequence of any disconnector auxiliary switches used in D.C. circuits for high
impedance busbar zone protection shall be such that the auxiliary switches operate:-

a)  before reaching the pre-arcing distance on closing the disconnector.
b)  after the pre-arcing distance has been exceeded on the opening of the disconnector.

Auxiliary switches shall be adjustable from normally-open to normally-closed or vice-versa.

For Line Disconnectors

As for Busbar disconnector auxiliary switches.

For Earthing Switches

As for Busbar disconnector auxiliary switches.

3.5.11 Interface with Existing Equipment

Work carried out on site in extending equipment or modifying the existing substation shall be
so arranged as to cause minimum interference with existing plant and equipment and
interruption to supplies. The Contractor shall include in his price for the provision, erection,
commissioning and subsequent dismantling and removal from site of any temporary
structures, insulators and connections that may be necessary to maintain continuity of
supply whilst certain sections of the plant are out of service to permit the execution of the
Works.

If it is necessary to reposition any of the existing substation plant in order to incorporate the
specified works or to comply with specific requirements, all costs incurred in dismantling,
removing, modifying, repositioning, existing and commissioning of such equipment shall be
deemed to have been included in the Bid Price.

The repositioning of any plant is subject to the specific approval of the Employer. Existing
plant rendered redundant by this Contract shall remain the property of the Employer and
shall be returned to the Employer's store.

Permission for access to existing substations to execute the Works shall be obtained in
writing from the Employer. The Contractor shall conform to the Employer's Safety Rules in
all respects when working in or near existing plant.

Extensions at the existing substation shall be carried out maintaining the same busbar
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centres, heights etc., other essential dimensions and interlocking schemes.

Where stated in the Schedule of Requirements, equipment for existing substations shall be
of the same type and manufacture as that already in service.

4,

4.1 Scope

Power Transformers

These clauses describe the general technical requirements for power transformers and shall
be read in conjunction with the schedule of requirements.

Installation, testing and commissioning of power transformers shall be done by the
Manufacturer(s)' Engineer(s).

4.2

42.1

IEC 60076
IEC 60137
IEC 60044-2
IEC 60044-5
IEC 60214-1
IEC 60228
IEC 62155
IEC 60289
IEC 60296
IEC 60354
IEC 60422

IEC 60529
IEC 60551

4.2.2

BS61
BS EN 10220

BS EN 1092
BS 6121
BS 6346
BS 6435

References

IEC Standards

Power transformers

Insulated bushings for ac voltages above 1000V

Voltage transformers

- ditto -

On load tap changers

Conductors of insulated cables

Tests on hollow insulators for use in electrical equipment

Reactors and Earthing Transformers

Specification for unused mineral insulating oils for transformers and switchgear

Loading guide for oil immersed power transformers

Supervision and maintenance guide for mineral insulating oils in electrical
equipment

Degrees of protection provided by enclosures

Determination of transformer and reactor sound levels

British Standards

Specification for threads for light gauge copper tubes and fittings

Specification for dimensions and masses per unit length of welded and seamless
steel pipes and tubes for pressure purposes

Circular flanges for pipes, valves and fittings (PN designated)

Mechanical cable glands

Specification for PVC insulated cables for electricity supply

Specification for unfilled enclosures for the dry termination of HV cables for
transformers and reactors
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BS 7354 Code of practice for design of HV open terminal stations

BS EN 10137 Specification for hot rolled quenched and tempered weldable plates

4.2.3 BS European Standards

BS EN 10029 Specification for tolerances on dimensions, shape and mass for hot rolled steel

plates 3mm thick and above

4.3 Power Transformers

4.3.1 Types of Transformers and Operating Conditions

General

4.3.1.1 The transformers shall be oil immersed and suitable for outdoor installation and shall comply
with IEC 60076, Parts 1 to 8 & 10 inclusive.

4.3.1.2 Electrical clearances shall not be less than those in the appropriate sections of BS 7354, or
as stated in the System Electrical Parameters of the scope of works in section-1 of volume-2
or 3, whichever is the greater.

4.3.1.3 Following types of transformer is generally available in Transmission system and covered by
this specification-

SL Voltage Delta Tertiary Type of transformer Use
rating winding, kV
1 400/138/34.5 | Yes, 34.5 kV 3-phase Auto-Transformer Power

Transmission

2 230/138/34.5 | Yes, 34.5 kV 3 -phase Auto-Transformer | Power
Transmission

3 132/34.5 No 3-phase Power Transformer | Power
Transmission

4.3.1.4 Both Auto & Power Transformer shall be designed, manufactured & tested in accordance
with this specification. Power Transformer shall have separate HV & LV windings & auto
transformer will have no electrical isolation between HV & LV windings.

4.3.1.5 Electrical clearances shall not be less than those in the appropriate sections of BS 7354, or
as stated in the System Electrical Parameters of the scope of works in section-1 of volume-2
or 3, whichever is the greater.
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4.3.2 Drawings & Documentation

4.3.2.1 All drawings and nameplates shall include measurements in S| Units (millimetres/meters,
kilogram, Litres, etc.), unless otherwise specified.

4.3.2.2 Drawings shall have to be provided for each transformer being supplied in accordance with
this specification. Each drawing shall contain a Title Block which includes the following
information:

e Customer’s name

e Manufacturer’'s name with country of origin
¢ Name of substation

e Station service voltage (AC and DC)

e Electrical ratings of the transformer

¢ Manufacturer’s shop order number and drawing reference number

A) Electronic File Format — Electronic files of all documents shall have to be submitted on CD or via

email in the following formats:

¢ AutoCAD drawings in dwg format
e Word Documents in PDF format
o Photographic files in JPEG format and of appropriate resolution to print an
8”x10”image at 300 dpi with no loss of detail.
e SFRA test results in SFRA format
B) Nameplate Drawings — to be submitted as specified in the standard requirements.
C) Outline Drawings - shall include the following information:
1. Rating of Transformer

2. The following weights:

e Core and Coil assembly

e Tank and Accessories

e Total mass excluding oil

¢ QOil mass in main tank

e QOilmassin OLTC

¢ QOil mass in radiator

¢ Oil mass in main conservator

e Oil mass in OLTC conservator

e Fully assembled transformer including oil (Total)
e Shipping (W/O oil)

3. Overall size & dimensions, shipping dimensions, space requirements (including that for
dismantling and maintenance) and the interrelationship of the various components.
Component list with OEM part numbers, voltage ratings and current ratings.

The sizes of tubing, cables, and bus bars shall be indicated on this drawing.

Location of the impact recorder, pressure-vacuum relief/gauge.

N oo o &

Location of items to be removed for shipment.
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The location of series autotransformers, preventive autotransformers, regulating
transformers and core grounds.

Base dimensions and configuration, base and bushing centre lines, location of jacking
pads, center of gravity and shall be suitable for designing bus connections, conduit
connections and foundations.

The number of radiators, and fans utilized on the transformer.

The outline drawing(s) shall include plan view as well as elevation views of all four sides.
Information about additional uses of the tank reinforcing bands. The drawing shall identify
if bands are used as a gas expansion space, or filled with sand for sound attenuation.
Where applicable, details of field erection indicating all field welds, sequence of welding,
length of weld, etc. shall have to be provided.

Torque specification table for all components requiring field assembly.

The outline drawing shall indicate any requirements or restrictions related to shipping.

(E.g. shipping direction, whether the transformer may or may not be rail shipped, etc.)

D) Certified seismic outline drawings — shall include the following information:

1.

All dimensions of each component, break down weights, the center of gravity of the
transformer, loads and accelerations used in the design.

Anchoring details including calculation showing bolt sizes, their type, grade and locations
on a plan view. Calculations and details of the bracing system for the radiators. The
radiators shall be braced in both the horizontal and vertical directions.

Controlling reactions at the base of the equipment for seismic, wind, and normal operating
loads.

Controlling forces used for designing anchors.

E) Schematic Diagrams — shall include the following information:

A list of devices with manufacturer and OEM model number shall be included

Where a schematic is continued to another sheet, a transition bubble shall be used with
the reference sheet # identified. Reference to separate drawings or sheets shall not be
made via terminal board #'s.

Terminal points shall be identified on the schematics.

A typical paralleling diagram shall be provided.

The alarm schematic drawing shall show the annunciator with all alarm inputs and
associated field contacts on one sheet.

Set-points shall be identified for devices performing alarm or control functions.

Total kVA demand shall be shown for all auxiliary equipment.

Wiring Diagrams — Shall be drawn using the point-to-point wiring method. Connection
diagrams using the so-called "Lineless Diagram Method" with separate tabulated wire lists
are unacceptable.

Wiring Diagrams for all components shall be provided, including internal wiring of the LTC.
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10. Accessory drawings and documentation:

Outline drawings and details of bushings, showing stud size, connections, and
dimensions.

Bushing stud connector cut sheets shall be provided and shall include ampacity of
connectors.

A drawing showing dimensions and quantities of all gaskets.

Outline drawings of arresters, showing connections, height, and mounting details.
saturation curves and ratio correction factor curves.

F) Drawings Sizes. Drawings shall conform to standard drawings sizes. (Plus or minus two mm in

either dimension)
. 594 X 841mm(A1 Size)
. 420 X 594mm(A2 Size)
. 297 X 420mm(A3 Size)

* 210 x 297mm(A4 Size)

G) Approval drawing transmittals:

Approval drawings shall have to be submitted by the date stated in the specific transformer datasheet.

Prompt

receipt of drawings is required to avoid cost of delays to related project activities. Liquidated

damages charges will be assessed by the Employer per the General Terms and Conditions. A
minimum of 30 days is required by the Employer for review and approval of these drawings.

4.3.3

43.3.1

4.3.3.2

4.3.4

4341

Design review

The Employer shall have the option of conducting a review of the transformer.The
Customer's Engineers and the Manufacturer's Engineers shall meet for a design
review at such time after the design has been completed but before any materials that
cannot be used by the Manufacturer on other orders have been procured. The Customer
shall have the right to review, and the Manufacturer shall have available, all mechanical and
electrical design aspects, including finite element analyses (FEA) and dielectric calculations
at this meeting. Topics to be reviewed are indicated, but not limited to, the items on the
checklist included with this specification. Manufacturing schedule shall allow two weeks for
Customer evaluation of design review data. Any time and cost associated with redesign if
design is not approved shall be borne by the Manufacturer. Any procurement and/or
fabrication prior to design approval shall be at the risk of the Manufacturer. This shall apply
to the first order of a given transformer or whenever modifications are made to the thermal,
electrical, or mechanical of the active or live parts.

The Manufacturer shall provide a shop schedule of major milestones to permit the
Customer to schedule any in-progress inspections deemed to be necessary or desirable.
Schedule shall have to be updated at regular intervals. Core and Coil Assembly and
Transformer Testing shall have to be broken down by shift, if possible.

Final Documentation

Final documentation shall be provided within 2 weeks of shipment, and shall include the
following:

One (1) CD with AutoCAD drawings, test reports, SFRA data files, and photographs.
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4.3.4.2 In addition to one Instruction Book provided with the transformer in the control cabinet, four
(4) additional Instruction Books per transformer shall be sent to the Engineer within 4 weeks
after shipment of the transformer. Each instruction book shall include the followings:

1. |Instruction books shall clearly indicate the Customer's name, the substation name and
number, Project Name and the Manufacturer's identification number.
2. Certified Test Report for each transformer, including all results of tests required in relevant
section of this specification ( Routine & Factory Acceptance test ) Section 15.
297 x 420 copy of the transformer nameplate drawing, with all data filled in.
4. Assembly instructions
3.5.2.,5 Bill of material (identify parts removed for shipment, all parts with manufacturer
name/model #, cross reference to applicable drawings by item # or electrical device #)
6. Complete set of “As-Built” drawings (reduced size is acceptable)
Arrester and Bushing outline drawings.
8. Instructions for all accessories including Annunciator, relays, counters, Electronic
Temperature Monitor (if supplied), and LTC control equipment, etc.
9. Certified test reports for Metering accuracy CT’s.
10. Relay class CT data. For each CT of a different accuracy class or ratio, the following
information shall be supplied:
o Saturation curves
o Thermal rating factor
o Secondary resistance in ohms per turn
o Lead resistance in ohms per lead
o Ratio correction factor curves
o Metering accuracy at the full tap ratio
o One (1) set of 8" x 10” color photographs as follows:
i. Core and coils viewed from the high voltage side, just prior to tanking
ii. Core and coils viewed from the low voltage side, just prior to tanking
iii. Core and coils viewed from the top, just after tanking
iv. Assembled transformer side-views of the high voltage side and the low
voltage side
v. Tank interior prior to tanking of active part

vi. Assembled transformer top-view

4.3.5 Short-Circuit Design

The entire transformer shall be capable of withstanding without injury the mechanical and
thermal stresses caused by short circuits (single phase, phase-to-phase, or 3-phase) on the
external terminals of any winding or windings with rated voltage maintained across the o the

run-faulted windings all in accordance with IEC Standard 60076-5. In addition, the
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transformer shall be designed to withstand short circuit stresses for at least the time period

durations indicated in the above-mentioned IEC Standard.

For this purpose, the design short circuit level for each system voltage shall be as per

follows or as stated in the Schedule of Requirements.

kV level System Short Circuit MVA (3-p) | Remarks
symmetrical

400kV 45775 63KA SCC

230kV 21192 50kA SCC

132kV 10034 40kA SCC

33kV 1961 31.5kA SCC

» System fault capability shall be assumed to be infinite (zero impedance).

» The pre-fault voltage shall be assumed to be 1.10 per unit.

» For transformers with a delta tertiary, the tertiary shall be sized to provide sufficient
mechanical strength for a short circuit involving ground at the terminals of the transformer. For
the purposes of the mechanical and thermal attributes of the tertiary winding, an infinite
source shall be assumed on the primary and the current for a fault on the secondary side

shall be limited only by the impedance of the transformer.

4.3.5.1 Calculations and Tests:

Evidence shall be submitted with the Bid as to the extent to which the Manufacturer has
proved, or is able to prove, by test, or by calculation, the ability of the specified Transformers
to withstand short circuit. The test is applicable for a reference transformer and calculation is

for the offered transformer.

The Bidder shall provide with his bid a brief description of the transformers, or parts thereof,
which have been subjected to short circuit test. The bidder shall submit calculation (both for
thermal & dynamic effect of short circuit), with a reference transformer having same MVA,
kV, %Z or higher rating which has been subject to short circuit test. The offered transformer
must be same or have comparable design to that of the reference transformer. In this regard,
bidder shall declare in his bid that, they shall provide the detail short circuit design of the
reference transformer & the offered transformer during detail engineering & execution of the
project for review and approval of Employer. The contractor must redesign or modify his

offered transformer design based on the observation of Employer. Manufacturing shall not
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commence before clearance & final approval of short circuit force design of the offered
transformer from the Employer. The factory location, source of accessories (specially, Core,
winding, tank, insulation material, oil, bushing etc.) shall be same for the two transformers:
offered one & reference one. Bidder shall demonstrate adequate measures have been taken

to overcome the Dynamic force at the following locations:

v cross overs of turns (inside the winding)

v transpositions of parallel conductors (inside the winding)

v/ exit leads of the windings (fixation to prevent movement and friction (wear of insulation) of exit
lead)

v connections to OLTC

(\

support of leads to bushings
v stability of the radial support of windings (for example spacers used during winding the caoill

(untreated, dried, dried and oil impregnated)

In case of the reference transformer, complete type test including complete short circuit
performance test shall have to be performed, associated type test certificate & short circuit
test certificate shall have to be submitted. The report shall reflect the condition of transformer
before & after the Short circuit test. The routine tests performed to the transformer shall have

to be available with the type test report.

The number of tests for reference transformer shall be preferably fifteen (15); however,
minimum nine no.’s of test is also acceptable. Nine (09) tests on a three-phase transformer
with tappings are made in different positions of the tap changer, i.e. three (03) tests in the
position corresponding to the highest voltage ratio on one of the outer phases, three (03)
tests on the principal tapping on the middle phase and three (03) tests in the position

corresponding to the lowest voltage ratio on the other outer phase.

The sequence shall be highest tap position shall face first three (03) short circuits & lowest

tap position shall face last three (03) short circuits for nine/fifteen shots.

After completion of the tests, dielectric test at 100% prescribed value as mentioned in this
specification shall be performed. Clause 4.2.7.4 of IEC 60076-5 shall be applicable at this

stage. However, if the reactance variation is in the range 1 % to 2 %, the acceptance is
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subject to non-increasing tendency of reactance. Reactance with increasing tendency in

sub-sequent routine test shall be rejected.

The transformer shall be tested at independent laboratory. A transformer tested for short
circuit performance at OEM'’s premise and witnessed by Independent Inspection Authority

shall not be accepted.

The short circuit test Laboratory from where the reference transformer has been tested shall

have-

o At least 15-20 years of experience in short circuit testing of HV transformer of same or higher
voltage class transformer

¢ Have tested at least transformers from 8-10 nationalities

o Test facility up to next voltage level (i.e. 500kV or 800kV class) and minimum power handling
capacity 1000MVA

e Must be a STL or equivalent accreditation member

¢ Independent Laboratory (the Lab shall not be owned by the OEM or Group that owns the
OEM)

4.3.6 Service conditions
4.3.6.1 Usual service conditions:

The transformer will be installed outdoors and shall be suitable for operation in accordance
with the usual service conditions specified in IEC 60076-1.

a) Altitude: Not exceeding 1000m
b) Temperature: ambient -20 to +40 deg C

4.3.6.2 Loading other than rated conditions:

4.3.6.2.1 All transformers specified may be exposed to an emergency loading in excess of
nameplate rating, in accordance with IEC 60076-1,2. The transformer may be
loaded above nameplate ratings in emergency situations with the knowledge that
there will be some sacrifice of life.

4.3.6.2.2 All transformers shall be suitable for operation with an average ambient
temperature of 40°C or as specified in Technical Data Sheets or in scope,
whichever is higher.
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4.3.6.3 Unusual service conditions:

Additional special service conditions, if any, will be stated in the Specific Transformer
Technical Data Sheets. These special service conditions may include: harmonics,

environmental hazards, reduced ambient air flow, etc.

4.3.7 Rating

4.3.7.1 Cooling class

4.3.7.1.1 Transformers shall be filled with a dielectric fluid as identified in the specific transformer
Technical Data Sheets.

4.3.7.1.2 The circulation mechanism for the internal cooling medium shall be natural convection for
all stages of cooling. The external cooling mechanism shall be natural or forced flow of
air. The required number of cooling stages will be identified in the specific transformer
Technical Data Sheets.

4.3.7.1.3 Where a combination of two methods of cooling is applied to one transformer, as for
ONAN/ONAF units, the transformer shall be capable of operating under the ONAN
condition up to 70 percent load or more as stated in the Schedule of Requirements or
Technical Data Sheets, after which the cooling equipment is to come into operation and
the Transformer will operate as an ONAF unit.

4.3.7.1.4 Transformers shall be fitted with at least two coolers or two banks of radiators each
capable of dissipating 50 per cent of the losses at continuous maximum rating. They
shall be capable of remaining in operation at full load for 20 minutes in the event of
failure of blowers associated with one half of coolers or radiators, without the calculated
winding hot spot temperature exceeding 140°C or as stated in the Schedule of
Requirement/Technical Data sheets . Such shall be verified by design during design
approval stage and taken approval from the Employer.

4.3.7.1.5 Failure of one fan in each group of blowers shall not reduce the continuous maximum
rating of the transformer. Design shall confirm this requirement.

4.3.7.1.6 The Continuous capacities of each cooling stage as per voltage level are defined in the

Schedule of requirement (Technical Data Sheets) of Volume 3 of 3 of the bidding
document.

4.3.7.2 Frequency

All transformers shall be designed for operation at 50 Hertz.
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4.3.7.3 Phases

All transformers shall be three phase or single phase as mentioned in the schedule of
requirement (Technical Data Sheets) of Volume 3 of the bidding document, with three-
legged core or five-legged core form design unless otherwise specified in specific
transformer Data Sheets. The phase relationship of the winding is identified in the specific

transformer Data Sheets.

4.3.7.4 Rated MVA

The ratings of the transformer shall be given in MVA, unless otherwise specified. With the
maximum rated output kilovolt-ampere load at rated frequency and voltage, the average
winding temperature and winding hot spot temperature shall conform to IEC 60076 with the
exception of 45° ambient temperature. Specific temperature rise ratings are listed in the

specific transformer Data Sheets.

The three winding transformers shall be designed for arithmetic loading in such a way that
the tertiary winding can be loaded continuously for the specified MVA rating. Both
continuous thermal capacity & short circuit capacity shall be guaranteed for the tertiary
winding. Design shall be such that, when the transformer is loaded with full MVA capacity at

its’ all windings specified, the transformer temperature rise is within specified limit.

4.3.7.5 Voltage ratings and taps

Voltage ratings for all windings shall be as specified in the specific transformer Data Sheets.
De-Energized Tap Changer with full capacity taps shall be provided in accordance with
clause 1.7.6 of this specification, and with tap voltages as identified in the specific
transformer Data Sheets. A On Load Tap Changer shall be provided in accordance with
clause 1.7.2 of this specification, and with tap voltages as identified in the specific

transformer Data Sheets.

4.3.7.6 Winding terminal markings and connections

It shall be in accordance with IEC standard 60076, unless specified otherwise in the specific
transformer Data Sheets.

4.3.7.7 Winding configurations and phase relationship

It shall be as identified in the specific transformer Data Sheets.
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4.3.7.8 Impedance
4.3.7.8.1 Positive and Zero Sequence Impedance shall be as specified in the Data Sheets.

For Wye-Wye Transformers with Delta tertiary, Zero- Sequence Impedance shall
be as defined by IEC 60076. A neutral reactor is not an acceptable method for

obtaining the required zero sequence impedance.

4.3.7.8.2 The core and coil design shall be such that if the transformer were short circuit tested in
accordance with IEC 60076-5, the impedance measured after the test series would not
differ from that measured before the test series by more than two percent (2%).

4.3.7.9 Parallel Operation

Transformers supplied against each item shall be designed to operate satisfactorily, one with
the other, when operating on the same tap position. Sufficient information for preparation of
a proposal and preliminary engineering are included in the Data Sheets when parallel
operation with existing transformer(s) is required. The Manufacturer shall obtain necessary
detailed information from the manufacturer(s) of the existing transformer(s) after receipt of
an order. In addition, the Manufacturer of transformers ordered under this specification
agrees to provide such information to other Manufacturers to permit future paralleling of

transformers covered by this specification as required for at least 25 years.

4.3.7.10 Insulation Levels

4.3.7.10.1 Insulation levels for line and neutral terminals shall be provided as identified in the
Specific Transformer Data Sheets. Refer also to Section 13 of this specification for
specific dielectric test requirements. Specified insulation levels shall apply to all leads
and ancillary equipment associated with each terminal.

4.3.7.10.2 BIL requirements shall be met without the use of internal arresters.

4.3.7.10.3 No internal devices of a linear or nonlinear nature (such as surge arresters) shall be
installed for any reason, that would alter, cause abnormal variations or otherwise affect
Factory dielectrics testing and/or affect routine maintenance test results such as "doble".

4.3.7.11 Temperature rise and loading conditions:

Temperature rise to be as stated in the Data Sheets.
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4.3.7.12 Nameplate:

In accordance to the rating plate requirements in IEC 60076, the following (including

additional) information shall be shown on the nameplate:

1) Kind of Transformer (Auto, booster,...etc.)
2) Number of the standard
3) Type of Core (example type 1, type 2 ...)
4) Type of cooling
5) Number of phases
6) Rated power, rated voltages, rated currents, rated frequency
7) Rated BIL, SI Withstand Voltage (if applicable) & PF Withstand Voltage
8) Short circuit (%) impedence
9) Connection symbols
10) Design altitude
11) Design seismic capability
12) Listing of the separate volumes and weights of:
o Core and Coil assembly
o Tank and Accessories
o Total mass excluding oil
o Oil mass in main tank
o Oilmassin OLTC
o Oil mass in radiator
o Oil mass in main conservator
o Oil mass in OLTC conservator
o Fully assembled transformer including oil (Total)
o Shipping (W/O oil)
13) BIL rating of neutral terminal(s)
14) Location of the buried tertiary bushing instruction plate (if applicable)
15) Z-winding voltage and capacity ratings, if applicable, whether the terminals are specified to
be brought out or buried
16) Accuracy class and thermal rating factor (TRF) of current transformers
17) Location of the core and frame grounding bushing
18) Applicable instructions concerning the special bushings for a buried Y-winding and
concerning the core and frame ground bushings
19) Transformer winding and current transformer polarity marks
20) Type, Manufacturer and model number of Tap Changer.
21) Overload rating of OLTC

22) Project Identification number
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23) Manufacturer's name, Product’s serial number & year of manufacturing

4.3.8 Continuous Maximum Rating

Transformers shall have the rating stated in the Schedule of Requirements (Technical Data
Sheets) and shall comply with the requirements as regards temperature rise and overloads
on all tapings, irrespective of the direction of power flow and with the voltage of the lower
voltage winding at the normal voltage stated in the Schedule of Requirements. To allow for
high atmospheric temperatures, the allowable temperature rises shall be reduced in
accordance with IEC 60076-Part 2.

The overload capability shall be in accordance with IEC 60354.

4.3.9 Electrical Connections

4.3.9.1 Transformer windings shall be connected in accordance with the IEC 60076-1 (clause 6)
group symbol specified in the Schedule of Requirements (Technical Data Sheets).

4.3.9.2 All electrical connections within windings shall be brazed, subject to approval, mechanically
crimped joints may be used for round stranded conductors on tapping, bushing or earthing
connections and on bundle conductors where design has been proved by type test and
application is subject to rigorous quality control.

4.3.10 Stabilizing Windings

4.3.10.1 Unless otherwise specified in the Schedule of Requirements, the product of the number of
turns of the

4.3.10.2 stabilizing windings and the cross- sectional area of one such turn must not be less than 20
percent of the corresponding product for the untapped main winding.

4.3.10.3 When required by the Schedule of Requirements, the stabilizing winding shall be
capable of carrying continuously the load specified therein.

4.3.10.4 For Short circuit Design, the winding shall be capable of withstanding the whole short circuit
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force due to terminal fault. Use of so-called tertiary Reactor (Current Limiting Reactor) inside
the tank is not acceptable unless otherwise specified

4.3.11 Losses and Evaluation of Losses

4.3.11.1 Guaranteed values for component losses of the total loss of the transformers shall be as low
as is consistent with transport restrictions, reliability and economic use of materials, shall be
as stated in the Schedule B of Particulars and Guarantees.

4.3.11.2 For the evaluation of the bid as per section 3 (Evaluation and qualification criteria)
capitalization cost (Evaluated price of transformer losses) due to transformer guaranteed
losses shall be added with the bid price. The evaluated price of the Power Transformer shall
be the sum of the quoted bid price of the transformer plus evaluated price of the transformer
losses. The evaluated price of transformer loss shall be:

As per Section 3 (Evaluation and Qualification Criteria) of volume 1.

The acceptance of transformers (after Factory Acceptance Test) yielding component losses

higher than the guaranteed values shall be governed by either of the following:

(@) Component losses in excess of guaranteed values but within the tolerance permitted
under IEC 60076 Part 1:
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Transformers shall be acceptable subject to full compliance with all technical
particulars, including temperature rises at CMR and subject to the Bidder accepting
deduction from the contract Price of charges for each kW or part thereof of component

losses in excess of the guaranteed values, at the above evaluation rates.

(b) Component losses in excess of guaranteed values and exceeding the tolerance
permitted under IEC 60076 Part 1:

The acceptance of transformers shall be entirely at the discretion of the Employer and
subject to the Bidder accepting the deduction from the contract Price of charges for
each kW or part thereof of component losses in excess of the guaranteed values, at

the above loss evaluation rates.

In the event of transformers yielding component and total losses that are either equal to or
below the guaranteed values, the Bidder will not be entitled to any premium in respect of

reduction in losses below the guaranteed values.

4.3.12 Impedance

The value of impedance measured on normal and extreme tapping shall be as stated in the
Schedule and minimum and maximum values where stated in the Schedule of Requirements

(Technical Data Sheets) shall not be subject to tolerance.

4.3.13 Noise

4.3.13.1 The transformer noise levels shall be measured as a type test and in accordance with IEC
60551. The acceptance level of the transformers shall be as stated in the Schedule of
Requirements (Technical Data Sheets).

4.3.13.2 Where the bottom plate of the transformer tank will be in direct contact with the surface of
the foundation, anti-vibration pads shall be provided under the contract for insertion between
the transformer and its foundation.

4.3.13.3 The anti-vibration mountings shall be of an oil and weather resisting rubber or other
approved material, capable of operation at temperatures from minus 10°C to plus 80°C. Due
regard shall be given to irregularities in the tank under base and the plinth surface. Anti-
vibration mountings for separately mounted coolers, pumps, etc. are not required.

Tender Document: Design, Supply, Erection, Testing & Commissioning of capacity enhancement and Capacitor Bank
installation with associated switchgear in existing grid substation. (Package-2, Lot-2)




196

4.3.13.4 The total unloaded depth of anti-vibration material (excluding load spreading plates) in the
mountings shall not exceed 40mm.

4.3.13.5 When loaded to the same pressure as in service, the anti-vibration mountings shall give, at
normal room temperature, a vibration attenuation at 100Hz of not less than 32dB (assuming
an infinite ground impedance value).

4.3.13.6 Representative samples of anti-vibration material for the mountings shall be subjected to
sample tests.

4.3.14 Harmonic Suppression

Transformers shall be designed with particular attention to the suppression of harmonic
voltages, especially the third, fifth and seventh harmonics, and to minimise the detrimental

effects resulting therefrom.

4.4 Magnetic Circuit and Windings

4.4.1 Magnetic Circuit

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

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

4.4.1.3 With the earthing link removed, the magnetic circuit shall be insulated from all structural
parts, and shall be capable of withstanding a test voltage to core bolts and to the frame of
2,000 volts RMS for one minute.

4.4.2 Core: Design & Construction
4421 General

Cores shall be constructed from cold rolled grain oriented steel sheets. Design shall be such
that there will be no adverse effects due to core or stray flux heating with the quality of steel
employed, and that when operating under the most onerous conditions envisaged in IEC
60076 and IEC 60354. Moreover, the Grain-Oriented Silicon Steel with Laser-beam or
plasma jet irradiation type shall be used to reduce the transformer’s no load loss and the
core loss (W/kg). Core loss of core material shall not exceed 0.85 at W17/50 (1.7T, 50Hz).
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4.4.2.2 Steel Specification

All cores including main, series, and preventative auto, shall be constructed using low loss,
cold-rolled, grain-oriented, silicon steel. Steel is to be slit to width, annealed and coated with
inorganic insulating material. All slits and cuts must be free of burrs.

4.4.2.3 Flux Density

With the transformer energized at no-load on any tap position, at 100% voltage, the
maximum flux density in any part of the core shall not exceed 1.7 Tesla.

At the maximum forced-cooled rating, the maximum flux density in magnetic shunts shall not
exceed 1.2 Tesla.

The transformer shall be designed to meet the following overvoltage requirements, such that
the maximum core flux density shall not exceed 1.9 Tesla at any tap positionin any part of
the magnetic circuit:

e 110% secondary voltage at no-load

e 105% secondary voltage with the transformer at maximum rated MVA load condition and at
80% power factor.

On load tap changing transformers with the tertiary (Z) terminals brought out, the transformer
shall be designed such that variation of the voltage output of the tertiary winding is allowed,
unless otherwise stated in the Specific Transformer Data Sheets in the Appendix, that the
voltage output must be constant.

The induction level shall be such that the ratio of induction current at 110% and
100%voltages shall not be >3.

4.4.2.4 Core design

The core shall be either a three-legged core-form or a five-legged core-form construction
using mitred step lap design, unless otherwise specified in specific transformer Data Sheets
in the Appendix . The edges of the laminations on the core legs and bottom yoke shall be
protected against rust with a protective coating. The core legs shall be secured with
permanent bands. Bolts through the legs or yokes shall not be used. The core internal hot-
spot temperature shall be limited to a maximum of 125° C. Material used to form cooling
ducts in the core shall not be cellulose. Every core step shall be supported at the ends. At
the bottom every core step shall be supported from a base bar that connects to the LV and
HV core clamps. Core frame components shall be welded or bolted using Belleville washers.
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Self-locking nuts, with stainless steel Belleville washers, or approved self-locking inserts,
shall be used where required to secure equipment mounted over the core and coil assembly.
Split spring lock washers are not acceptable in the assembly of internal transformer
components. If flux shield plates and/or non-magnetic steel are used to reduce tank heating
and losses, the Seller shall provide detailed drawings of these items for the Employer’s
approval.

4425 Coreinsulation

The insulation material between tie bars and the core, and the core frames and core, shall
be a high-temperature material (tolerant of 150° C minimum) that coordinates with the
surface temperatures in the locations where this insulation is to be applied. A minimum
material thickness of 2 mm shall be provided.

4426 Core Grounds

4.4.2.6.1 If the core is constructed with cooling channels separated by insulating material,
each core section ground shall be brought up separately through cover mounted
bushings. The core sections shall be externally bonded and grounded. A bridging
strap or other means of internal electrical connection of the core sections is not
acceptable.

4.4.2.6.2 An engraved nameplate shall be provided to permanently identify the core ground
connections. All core ground connections (main and auxiliary windings) shall be
brought up separately and grounded. The connections shall be brought out
through a bushing mounted on the top of the tank, protected in a metal box. The
bushings shall be located on the top of the tank so that a bushing may be replaced
without the need to reduce the oil level below the top of the windings.

4.4.27 Frame Ground

A frame ground bushing shall be provided.

When there is more than one (1) frame to clamp separate cores, each frame shall have an
insulated cable brought up to a location near the top of the tank and be connected together
internally. This connection shall be removable, and shall be designed with captive hardware.
The connection location shall be easily accessible from a manhole or handhole on the
transformer cover and the location shall be clearly identified on the transformer nameplate
and marked on the appropriate manhole or handhole cover. Frame ground bushings shall be
separately grounded outside the main tank. Audible Sound Level:

The guaranteed sound level for operation at the rated voltage shall be described in the
Specific Transformer Data Sheets.
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4.4.2.8 Windings and internal leads

44281

4.4.2.8.2

4.4.2.8.3

44284

4.4.2.85

All conductors of transformer shall be copper unless otherwise specified in the
Requirement .Transformer HV and MV star connected windings shall have graded
insulation as defined in IEC 60076. For 33kV and below they shall have uniform
insulation as defined in IEC 60076. All neutral points shall be insulated to
withstand the applied test voltage specified in the Schedule of Requirements.

The windings shall be located in a manner that will ensure that they remain
electromagnetically balanced and that their magnetic centres remain coincident
under all conditions of operation.

The windings shall also be thoroughly dried and shrunk by the application of axial
pressure for such length of time as will ensure that further shrinkage will not occur
in service.

The windings and leads of all transformers shall be braced to withstand the
shocks that may occur through rough handling and vibration during transport,
switching and other transient service conditions including external short circuit.

If the winding is built up of sections or of disc coils separated by spacers, the
clamping arrangements shall ensure that equal pressures are applied to all
columns of spacers.

4.4.2.9 Winding Design

44291

44292

44293

44294

Self-supporting coil design is encouraged, but windings must still be fully
supported backto the core.Circular disc and/or helical type windings shall be
provided for all windings, includingseries transformer if provided.Rectangular
winding design will only be accepted for preventive autotransformers for
areactance-type LTC.

Layer type windings will be accepted only for regulating windings. When layer
windings are used, the radial build shall be a minimum of 12 mm. Only one
conductor in the radial direction is allowed unless CTC conductor is used.

Spring or isostatic pressure (preferred) shall be applied during the winding sizing
process.

If CTC (continuously transposed conductor) is used, the following requirements
shall be-
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» When conductor insulation on CTC is cellulose, it shall be Weidmann (Dennison) paper. On
strap conductor, at least the outside 2 layers of conductor insulation shall be Weidmann
paper. The insulating paper shall be applied in either single or multiple strands in such a
manner that 30% overlaps.

» Brazes in CTC shall not be used unless the required conductor length exceeds the maximum
available reel capacity. When required due to conductor length limitations, brazes shall be
strand-to-strand, i.e. each strand shall be individually brazed and insulated separately.

» Epoxy-bonded CTC shall not soften during any type of fault based on the short-circuit
temperature rise calculation in IEC 60076-5. The allowable temperature for this condition is
less than 140 °C.

» When using CTC that is insulated with paper, the radial cooling duct shall be a minimum of
4.5 mm.

» Formvar insulated conductors are not acceptable except with CTC.

4.4.2.9.5 The dielectric stress at any location in the core-and-coil assembly shall not exceed
2.65kV RMS/mm with the transformer energized at 100% voltage on the maximum
stress tap position. Applicable stresses include but are not limited to turn-to-turn,
winding-to-winding, winding-to-ground, phase-to-phase and lead-to-ead.

4.4.29.6 Windings subject to inward radial buckling shall be designed to withstand
“free”(unsupported) buckling in addition to “forced” (supported) buckling. The
control of inward radial forces shall not depend on bracing to the core. The use of
epoxy bonded CTC is required for windings subject to inward radial buckling.
Short circuit calculations shall be based on an infinite bus. When layer windings
are used, each layer shall be designed for “free” buckling independent of the other
layers.

4.4.29.7 Where needed for pack-out, solid tapered insulating material shall be used in a
disk orturn instead of duct-strip.

4.4.2.10 Winding and lead insulation

4.4.2.10.1 The winding insulation system shall be thermally upgraded to meet the operating
conditions for 65°C rise.

4.4.2.10.2 All cellulose winding insulation shall be Dennison paper insulation. All insulating
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materials that could come in contact with the winding conductors or leads shall
have rounded edges.

Excluding lead supports and clamping rings, all insulation material shall be
thermally upgraded (suitable for continuous operation at 110°C).

One-piece top and bottom clamping rings shall be used. There shall be no
reduction in the thickness of the top clamping ring in the core window.

All lead support distances shall be less than 24 inches. All leads shall be clamped
to blocks secured by non-metallic bolts. Ties and tie-wraps shall not be used. All
connections shall be firmly supported with reasonable clearances between
connections of unlike voltages. Sharp bends shall not be used in interties or
terminal leads. Supports for insulated transformer leads shall have rounded
edges, either from machining or cardboard angles, to prevent damage to cable
insulation during normal movement in transportation or operation. Openings in
insulated tubing shall be flared or rounded smooth when used for entrances or
exits of insulated leads run inside the tubing.

Internal non-metallic support structures provided for support of leads and other
internal devices shall be bolted together using nonmetallic threaded rods with
nuts at each end. Nuts shall be locked in place, either by disrupting threads, tying
off threads or epoxying threads, so that nuts cannot come loose due to any
amount of vibration or any amount of thermal expansion and contraction while still
allowing for disassembly by the application of deliberate force on the nut.

4.4.2.11 Connections

442111

442112

Soldered connections shall not be used internal to the tank. Brazed connections
are acceptable.

Each internal bolted electrical connection shall use two bolts with Belleville
washers. Split spring lock washers are not acceptable in the assembly of internal
transformer components.

4.4.2.12 Internal Earthing

442121

General
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All metal parts of the transformer, with the exception of the individual core laminations, core
bolts and associated individual clamping plates, shall be maintained at some fixed potential.

4.4.2.12.2 Earthing of Core Clamping Structure

The top main core clamping structure shall be connected to the tank body by a copper strap.
The bottom main core clamping structure shall be earthed by one or more of the following
methods:

(@) by connection through vertical tie rods to the top structure;

(b) by direct metal-to-metal contact with the tank base maintained by the weight of the ore
and windings;

(c) by connection to the top structure on the same side of the core as the main earth
connection to the tank.

4.4.2.12.3 Earthing of Magnetic Circuits

4.4.2.12.3.1 The magnetic circuit shall be earthed to the clamping structure at one point
only through a removable link placed in an accessible position just beneath an
inspection opening in the tank cover and which, by disconnection, will enable the
insulation between the core and clamping plates, etc., to be tested at voltages up to
2 kV. The link shall have no detachable components and the connection to the link
shall be on the same side of the core as the main earth connection. These
requirements are compulsory.

4.4.2.12.3.2 All insulating barriers within magnetic circuits shall be bridged by means of
aluminium or tinned copper strips, so inserted as to maintain electrical continuity.

4.4.2.12.4 Earthing of Coil Clamping Rings

Where coil clamping rings are of metal at earth potential, each ring shall be connected to the
adjacent core clamping structure on the same side of the Transformer as the main earth
connection.

4.4.2.12.5 Size of Earthing Connections
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Main earthing connections shall have a cross-sectional area of not less than 80 sq.mm but
connections inserted between laminations may have cross-sectional areas reduced to 20
sq.mm when in close thermal contact with the core.

4.5 Tanks and Ancillary Equipment

45.1 Transformer Tanks

Each transformer shall be enclosed in a suitably stiffened welded steel tank such that the

transformer can be lifted and transported without permanent deformation or oil leakage.

The construction shall employ weldable structural steel of an approved grade to BS 7613
and BS EN 10029. The final coat colour of transformers shall be to Munsell notation N5Y -
7/1. Temporary internal shipping braces shall not be used. The exterior painting and
corrosion protection shall be in accordance with the Manufacturer’'s standard practice and

must be submitted for approval.

45.2 Structural Loading & Other Requirements

4.5.2.1 Equipment provided under this specification shall be analyzed and found to be functional for
the physical loading conditions described below. The equipment shall be designed so that
there will be neither damage nor loss of function during and after the loading conditions
delineated below. In addition, equipment shall maintain correct operational state during
these conditions.

4.5.2.2 The manufacturer/supplier is responsible for assuring that their analytical methodologyis
consistent with industry standards and guidelines listed below and that the results are
reported accurately to the Employer.

4.5.2.3 The manufacturer's analysis shall consider the higher of seismic load or wind load to act
concurrently with the other applicable loading conditions as follows. Design criteria shall be
clearly noted on the outline drawing.

i) Wind Load: The equipment shall be analyzed to the appropriate state building
code for a wind load 120 mph applied to the component’s entire projected are
abnormal to the wind.

i) Seismic Load: Seismic analysis of equipment shall be performed utilizing the
Static Analysis Method as described in IEC60068-3 . A horizontal seismic

coefficient of 0.2g and a vertical seismic coefficient of 0.2g shall be applied to the
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4527

4528
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component’s center of gravity and the resulting forces determined. Appendages
such as electrical bushings, radiators, and pipes shall be designed for twice the
horizontal and vertical seismic loads.

Dead Load: Consider the weight effects of the equipment including all ancillary
equipment and fluids.

Operating Load: Equipment mechanical operating loads shall be evaluated for
impact on anchorage and other support points. If operating loads are negligible,
then a statement shall be clearly noted on the drawings.

Terminal Connections: Allowable loads for terminal connections shall be
determined by the manufacturer for the lug design shown on their equipment
drawing. Allowable loads shall be noted on the drawings.

The core clamp shall be isolated from the tank. Bolted joints are not preferred. It is preferred
that the tank be fabricated in one piece for each side of the main tank. Tank corners shall be
bent with seams welded inside and outside at least 6 inches/ 150mm from the corner.The
top shall be welded, not bolted to the tank. The tank and cover shall be designed in such a
manner as to leave no external pockets in which water can lodge, no internal pockets in
which oil can remain when draining the tank or in which air can be trapped when filling the
tank, and to provide easy access to all external surfaces for painting. Each tank cover shall
be of adequate strength, must not distort when lifted.

A leak test of the welded joints at the factory is required before the transformer is accepted
for shipment.

Both the tank and cover shall be provided with lifting lugs.Lifting lugs shall be provided,
suitable for the weight of the transformer, including core and windings, fittings, and with the
tank filled with oil. Each tank shall be provided with at least four jacking lugs, and where
required, with lugs suitably positioned for transport on a beam transporter. Haulage lugs
should also be provided to enable a cable to be used safely for haulage in any direction.

The tank shall be provided with jacking lugs with stenciled identification. Minimum height of
jacking lugs shall be 127/300mm above base. Minimum projection of the jacking lugs shall
be 10”/250mm from the tank wall.

The base of each tank shall be so designed that it is possible to move the complete
transformer unit in any direction without injury when using rollers, plates, or rails.
Transformers shall have wheel bases, unless otherwise specifically approved by the
Engineer.

All joints, other than those that may have to be broken, shall be welded.

4.5.2.10 Where cooling tubes are used, each tube shall be of heavy gauge steel welded into the tank

sides, top and bottom.

4.5.2.11 The tank and cover shall be designed in such a manner as to leave no external pockets in

which water can lodge, no internal pockets in which oil can remain when draining the tank or
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in which air can be trapped when filling the tank, and to provide easy access to all external
surfaces for painting.

4.5.2.12 Each tank cover shall be of adequate strength, must not distort when lifted and shall be

provided with suitable flanges having sufficient and properly spaced bolts. Inspection
openings shall be provided to give access to the internal connections of bushings, winding
connections and earthing links. Each opening shall be correctly located and must be of
ample size for the purpose for which it is intended. All inspection covers shall be provided
with lifting handles.

4.5.2.13 All manhole, bushing, and pressure relief device openings in the tank cover shall utilize

45.3

4531

45.3.2

4533

4534

4.5.3.5

45.3.6

a)

raised flanges with thru-bolts or blind tapped holes. Studs welded to the tank cover will not
be accepted. All bushing adapters shall be equipped with air bleeder valves when a
conservator-type oil preservation system is specified. These valves shall be used to purge
air from the main tank during oil filling.

Manholes

There shall be two or more 24-inch/600mm manholes in the top of the transformer to
facilitate the removal and installation of bushings and current transformers (CTs) and to
provide access to terminal boards (when used) without disturbing the leads, un-tanking the
transformer, removing the cover, or removing radiators. Manhole covers shall include lifting
handles. Covers and flanges shall be sufficiently stiff to prevent gas or oil leakages after
bolts are tightened. Sufficient manholes shall be provided on the tank cover of core form
transformers to permit access to each side of the core and coil assembly, with at least one
on each side of the core and coil.

Manhole locations shall permit the proper use of confined space retrieval equipment for
personnel inside the tank.

All manhole covers, whether on top or walls, shall be on raised flanges. Covers for
maintenance or field assembly access shall be secured with nuts, bolts and gaskets, with
those on walls having two concentric gaskets in separate grooves. Any and all wall access
provisions are subject to specific approval by the Engineer during the bid evaluation
process, regardless of past history of acceptance.

Covers for wall mounted access points shall be equipped with hinges and handles
regardless of weight. Covers of access points used solely for factory assembly and testing
shall be sealed using at least two full passes with no oil in the tank during welding.

The tank shall be mechanically strong and designed for both full vacuum filling and 10 psig
(1.7 bar relative to Vacuum) positive pressure (or 25% above maximum operating pressure,
whichever is greater), with all joints and connections full seam welded externally to eliminate
possible oil leaks.

At no time during normal operation of the transformer, up to and including full loading above
nameplate capabilities, shall the:

Exterior surface of the tank, or any appurtenances, become hot enough to cause injury to
personnel upon momentary contact or to cause personnel to react in an unsafe manner upon
such contact.
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b) Interior surface of the tank, or any interior metallic members, become hot enough to generate
gas in the insulating oil.

4.5.3.7 Sufficient clearances shall be provided between the core and coil assembly and the tank
wall sand cover of core form transformers to permit comfortable internal inspection of the
transformer by an average sized individual.

4.5.3.8 Lifting, moving and jacking facilities shall be provided in accordance with IEC60076 and for
any covers over 20 kg. Covers under 20 kg shall be equipped with handles to facilitate
controlled removal. All vents on top of transformer tanks shall be sealed using pipe caps.
Pipe plugs are not acceptable.

4.5.3.9 Fall protection shall include two Lifting Lug weld-on base plates. The top of the main tank
shall be painted with non-slip coarse grit paint compatible with the Manufacturers normal
finish. Grit paint shall be on the tank top only and not on raised flanges or covers.

4.5.3.10 All valves, pipes or other extensions shall be strong enough to support a 100kg person or
shall be provided with a guard that can support a 100kg person. Guards shall not restrict
maintenance or operating access to the equipment being guarded.

4.5.3.11 Bolts, nuts, screws, etc., shall meet ANSI Standard B1.1/ISO 898-2 and shall be corrosion
proof. Bolt heads and nuts shall be hexagonal. All hardware exposed to the weather shall be
stainless steel (nuts, bolts, hinges, etc.).Inspection openings shall be provided to give
access to the internal connections of bushings, winding connections and earthing links.
Each opening shall be correctly located and must be of ample size for the purpose for which
it is intended. All inspection covers shall be provided with lifting handles.

4.5.3.12 It must be possible to remove any bushing without removing the tank cover.

4.5.3.13 Pockets shall be provided for a stem type thermometer and for the bulbs of temperature
indicators where specified. These pockets shall be located in the position of maximum oil
temperature and it must be possible to remove any bulb without lowering the oil level in the
tank. Captive screwed caps shall be provided to prevent the ingress of water to the
thermometer pockets when they are not in use.

4.5.3.14 Where called for in the Schedule of Requirements, accommodation shall be provided for
outdoor weather proof neutral current transformers.

4.5.3.15 A ladder shall be provided on one side of the tank as a means for inspection and access to
the top of the transformer. The lower section of the ladder shall be equipped with a barrier
complete with provision for locking with a padlock.

45.4 Conservator Tanks, Breathers and Air Dryers

4.5.4.1 Each transformer shall be provided with an overhead conservator tank formed of substantial
steel plates and arranged above the highest point of the oil circulating system (see also
Clause 4.6. 1). Connections into the main tank shall be at the highest point to prevent the
trapping of air or gas under the main tank cover.

4.5.4.2 The capacity of each conservator tank shall be adequate for the expansion and contraction
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of oil in the whole system under the specified operating conditions. Conservator tanks shall
also be provided with a cleaning door, filling cap, drain valve with captive cap and an oil
level indicator with minimum and maximum levels indicated. The normal level at an oil
temperature of 25°C shall be indicated and the minimum and maximum levels shall also be
correlated with oil temperature markings. The temperature markings shall preferably be
integral with the level indicating device.

4.5.4.3 The location of the conservator tank shall be so arranged that it does not obstruct the
passage of high voltage conductors immediately above the transformer.

4.5.4.4 The pipework between the conservator and the transformer tank shall comply with the
requirements of Clause 4.6.1 and a valve shall be provided at the conservator to cut off the
oil supply to the tank.

4.5.4.5 Appropriate membrane has to be provided inside the conservator for “breathing” of the
transformer.

4.5.4.6 Schedules for Indoor Surfaces Finishes

Treatment at Factory Treatment at Site after Completion of Erection

General

(a) Structural and supporting steelwork, plant items above ground, tank external surfaces.
All not above 95°C (or 65°C for chlorinated rubber finishes).

Blast clean to BS 7079 2nd quality (SA 2.5) profile
amplitude 40-75 microns.

Then apply within 4 hours one coat (13 microns)
weld able holding primer for 12 months x match
protection.

After fabrication is complete dress all welds,
thoroughly clean to remove corrosion products,
oil, grease and dirt and apply one coat (50
microns) of two pack epoxy zinc phosphate primer
followed by two coats two pack epoxy micaceous
iron oxide (250 microns total).

Thoroughly clean to remove oil, grease and dirt.

Paint coats to be touched up where necessary.

Then apply one tie coat to finish (30 microns)
and one coat alkyd gloss (25 microns)

(b) Steel floors, chequer plates, galleries, stairways

treads, kick stops.

Galvanise to BS 729

Thoroughly clean to remove oil, grease and dirt.

Where galvanising is damaged, wire brush to BS

7079 3rd quality (SA2) and apply 1 coat zinc rich

epoxy primer (50 microns).Then apply:

1st coat of etch primer

2nd coat epoxy zinc chromate

3rd coat 2-pack epoxy micaceous iron oxide (50
microns).

On galleries and stairwaystop surfaces apply:

4th coat non-skid epoxy deck paint (30 microns).

(c) Galvanised iron and steel requiring paint finish

Galvanise to BS 729

Thoroughly clean to remove oil, grease and
dirt. Then apply:
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Treatment at Factory

Treatment at Site after Completion of Erection

1st coat of etch primer

2nd coat of zinc chromate primer (30 microns)
3rd coat alkyd undercoat (30 microns)

4th coat alkyd gloss (25 microns).

(d) Stainless steel, aluminium alloys and non-ferrou

s alloys requiring paint finish.

Not Applicable

Thoroughly clean to remove oil, grease and dirt.
Then apply:

1st coat alkyd undercoat (30 microns)

2nd coat alkyd gloss (25 microns).

45.4.7 Schedules for Outdoor Surfaces

Finishes

Treatment at Factory

Treatment at Site after Completion of Erection

General

(a) Structural and supporting steelwork, plant items

All not above 95°C (or 65°C for chlorinated rubber finishes).

above ground, tank external surfaces.

Blast-clean to BS 7079 2nd quality (SA2.5) profile
amplitude 40-75 microns.

Then apply within 4 hours one coat (13 microns)
weld able holding primer for 6 months protection
or (25 microns) weldable holding primer for 12
months protection.

After the protection period, thoroughly clean to
remove oil, grease and dirt and apply one coat (50
microns) of two pack epoxy zinc phosphate primer
followed by two coats two pack epoxy micaceous
iron oxide (250 microns total).

Thoroughly clean to remove oil, grease and dirt.
Paint coats to be touched up where necessary.
Then apply one tie coat to match finish (30
microns) and one coat alkyd gloss (25 microns)

(b) Steel floors, chequer plates, galleries, stairways

treads, kick stops

Galvanised to BS 729

Thoroughly clean to remove oil, grease and dirt.

Where galvanising is damaged, wire brush to BS

7079 3rd quality (SA2) and apply one coat zinc

rich epoxy primer (50 microns). Then apply:

1st coat epoxy etch primer

2nd coat epoxy zinc chromate (30microns)

3rd coat two pack epoxy micaceous iron oxide
(100 microns)

On galleries and stairways top surfaces apply:

4th coat non-skid epoxy deck paint (30 microns).

(c) Galvanised iron and steel requiring paint finish

Galvanised to BS 729

Thoroughly clean to remove oil, grease and dirt.
Then apply:
1st coat etch primer
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Treatment at Factory Treatment at Site after Completion of Erection

2nd coatzinc chromate primer (30microns)
3rd coat alkyd undercoat (30 microns)
4th coat alkyd gloss (25 microns).

(d) Stainless steel, aluminium alloys and non-ferrous alloys requiring paint finish

Not applicable. Thoroughly clean to remove oil, grease and dirt.
Then apply:

1st coat alkyd undercoat (30 microns)

2nd coat alkyd gloss (25 microns).

455 Breather

4.5.5.1 Each conservator shall be fitted with an air cell that shall be connected to a silica
gel regenerative dehydrating breather.

4.5.5.2 The dehydrating breather of a maintenance-free and self-supervision type shall be
mounted on the conservator of the transformer and the tap changers. Silica gel
shall be used as a drying agent. It is automatically regenerated by the internal
heater element controlled by a microprocessor control unit. The relative humidity of
the air flow must be controlled by a humidity sensor. The device should have a
service-friendly design: The humidity and temperature sensor, the silica gel and the
PCB shall be replaceable in the field.

4.5.5.3 Alpha-control: The maintenance-free breather shall be equipped with a state-
dependent control of the heating process by monitoring the humidity

4.5.5.4 Beta-control: The maintenance-free breather shall be equipped with a self-learning
algorithm that enables the regeneration process only when the conservator is
exhaling. This algorithm is based on humidity monitoring and the temperature-
dependent determination of the most advantageous time to perform heating.

4.5.5.5 There shall be no moving parts to restrict or redirect the air flow from the desiccant
chamber. The use of fans to expel condensed water out of the desiccant chamber is
also not permitted. Weight cells are not accepted, as well. The flange of the
breather (Conservator piping) must be with rigid metal flanges (Hose/flexible
connection won’'t be accepted). The flanges shall be in accordance with the norm
DIN 42562-3. The grade of protection of the device shall be IP66/67. The device
shall be of MESSKO — MtraB or equivalent.

4.5.5.6 All breathers shall be mounted at a height of approximately 1400 mm above ground
level.

456 Valves

Each transformer shall be fitted with the following valves as a minimum requirement:
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45.6.1 Main Tank

(A) One 50mm bore filter valve located near to the top of the tank.

(B) One 50 mm bore filter valve located near to the bottom of the tank and diagonally
opposite to the filter valve required against (A). Where design permits, this valve may
be combined with item (C).

(C) One 50mm drain valve with such arrangements as may be necessary inside the tank
to ensure that the tank can be completely drained of oil as far as practicable. This
valve shall also be provided with an approved oil sampling device.

(D) One valve between the main tank and gas actuated relay, complete with bypass facility
to facilitate removal of relay and maintain oil flow.

4.5.6.2 Conservator

(E) One valve between the conservator and gas actuated relay for the main tank and,
where appropriate, for the tap change diverter switch tank complete with bypass
pipework for Buchholz relay to facilitate maintenance of the relay.

(F) One drain valve for oil conservator tank so arranged that the tank can be completely
drained of all oil.

4.5.6.3 Tap Changer

(G) 50mm filter and 50mm drain valve where selector switches are contained in a separate
tank.

4.5.6.4 Diverter Switch

(H) One drain valve to be fitted to each tank.

45.6.5 Radiators and Cooler Banks

()  Valves at each point of connection to the tank and in accordance with Clauses 4.6.2
and 4.6.3.

4.5.6.6 The two valves (D) and (E) arrangement across the gas-actuated relay are to be connected
with an oil pipework bypass facility to facilitate removal of the relay, due to failure etc., and
still maintain the oil flow system between the conservator and main tank.

4.5.6.7 Blank flanges, plates or captive screw caps shall be fitted to all valves and pipe ends not
normally connected in service.

4.5.6.8 The omission of any, or the provision of alternative arrangements to the above
requirements, will not be accepted unless approved in writing by the Engineer before
manufacture.
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Joints and Gaskets

All joint faces shall be arranged to prevent the ingress of water or leakage of oil with a
minimum of gasket surface exposed to the action of oil or air.

Gaskets shall be of nitrile rubber. Qil resisting synthetic rubber gaskets are not permissible.

Gaskets shall be as thin as possible consistent with the provision of a good seal and full
details of all gasket sealing arrangements shall be shown on the Plant drawings. Gaskets
shall be of nitrile rubber.

All gaskets shall be of closed design (without open ends) and shall be of one piece only.
Gaskets are not allowed to be re-used and needs to be replaced on all locations where the
connection has been opened.

Metal surfaces to which gaskets are applied shall be finished smooth, seamless, and shall
be designed with sufficient rigidity to assure proper compression of the gaskets.

Machine grooves shall be provided so that over-compression of the gaskets cannot occur,
unless it is demonstrated to the Purchaser’'s satisfaction that the manufacturer is using
another gasketing system of high quality and reliability.

Final drawings shall include a gasket dimension sheet which identifies quantities and
dimensions of all gaskets associated with the tank pressure boundary.

One full set of gaskets shall be provided, along with drawings identifying all gasket
dimensions and quantities.

Pressure Relief Device

An approved pressure relief device of sufficient size for the rapid release of over pressure
that may be generated in the tank, and designed to operate at a static pressure lower than
the hydraulic test pressure called for in Section 15, shall be provided. It shall be of the spring
operated valve type (Qualitrol/ Messko or equivalent) and shall be provided with one set of
normally open signalling contacts that will be used for trip alarm purposes.

The relief device is to be mounted on the tank cover and is to be provided with a skirt to
project at least 25mm into the tank to prevent gas accumulation. Discharge of oil shall be
directed away from the transformer top cover and clear of any operating position. Means
shall be provided to direct the oil discharge to the oil collecting pit.

The Pressure Relief Device (PRD) for main tank shall consist of double synthetic coated and
cathode corrosion protected springs made of spring steel acc. to Class 1 European
Standard EN10270-1-SH to make sure that the springs transmit the pressure equally to the
entire opening plate and neither lose their tension nor corrode.

The contacts shall have the protection class IP65 according to IEC 60529 and must be
directly activated by a self-locking pin.
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4.5.8.5 The release time of the device shall not be more than 2 ms. A semaphore for clear
indication of a signalling event shall be provided. A routine leak test with Helium Gas shall
be performed, the device shall pass a leakage test at 1.50E-05 mbar I/sec or below and test
report of each device shall be submitted.

4.5.8.6 To protect the device against environmental influences such as water and UV exposure, all
important parts such as springs, valve disc, switching contacts and gaskets shall be
mounted under the aluminum cover.

459 Earthing Terminals

Two substantial steel flag type terminals each having two 14mm diameter holes on 55mm
centres shall be located one on either side and near to the bottom of the transformer to
facilitate connection to the local earthing system.

4.5.10 Rating, Diagram and Valve Plates

4.5.10.1 The following plates, or an approved combined plate, shall be fixed to each transformer tank
at an average height of 1500mm above the ground level:-

(A) A rating plate bearing the data specified in IEC 60076 Part 1. This plate shall also include the
short-circuit current rating and time-factor for each winding & the data mentioned in clause
no.1.3.7.11

(B) A diagram plate showing in an approved manner the internal connections and the voltage
vector relationship of the several windings, in accordance with IEC 60076 Part | with the
transformer voltage ratio for each tap and, in addition, a plan view of the transformer giving
the correct physical relationship of the terminals.

(C) A plate showing the location and function of all valves and air release cocks or plugs. This
plate shall also if necessary warn operators to refer to the Maintenance Instructions before
applying vacuum.

4.5.10.2 Plates are to be of stainless steel or other approved material capable of withstanding the
rigours; of continuous outdoor service at site.

4.6 Cooling Plant

4.6.1 Cooling Plant General

4.6.1.1 Radiators and coolers shall be hot-dip galvanised, designed so that all painted surfaces can
be thoroughly cleaned and easily painted in situ with brush or spray gun. The design shall
also avoid pockets in which water can collect and shall be capable of withstanding the
pressure tests specified in Section 15 for the transformer main tank.

4.6.1.2 The transformer cooling equipment shall be arranged to provide a uniform distribution of
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cooling within the transformer with either or both stages in operation. The clearance
between any oil or other pipework and live parts shall be not less than the minimum
clearances stated in the Schedule of Requirements.

Radiators

The design and construction of the radiators shall be such as to eliminate pockets where
moisture can accumulate or which can prevent application of a continuous film of paint.
Radiators shall have the necessary piping, fittings, valves, drains, and bleeder connections
so that individual radiators may be removed and replaced with the transformer in service.

Where built-on radiators are used, each radiator shall be connected to the main tank
through flanged valves. Plugs shall be fitted at the top of each radiator for air release and at
the bottom for draining.

A valve shall be provided on the tank at each point of connection to the tank.

Radiators shall be connected to the main tank through flange mountings with shut off valves
at the top and bottom to permit shut-off of oil from the main tank for removal or installation of
the coolers. Valves shall be designed to withstand maximum differential forces that can be
applied during normal vacuum type oil filling operations.

The radiators shall have solid steel plugs provided at the top and ball type drain valves at
the bottom shipped with solid steel plugs. All radiators shall be galvanized and shall use
plate type radiators. All radiators shall be flushed out prior to shipment. Pipe caps shall be
provided at the top and pipe plugs at the bottom of each cooler to permit field flushing when
desired.

The oil flow pattern to and from the coolers and through the transformer coils shall be
designed to be free of turbulence and shall not cause impinging of oil on any part of the solid

insulation system.

Radiators shall be designed to permit removal and installation without additional special
bracing.

Refer to the Data Sheets for unusual service conditions that can affect radiator efficiency
during the life of the transformer.

Cooler Banks

Each cooler bank shall be provided with:

(A) A valve at each point of connection to the tank.

(B) A valve at each point of connection of radiators.

(C) Loose blanking plates for blanking off the main oil connections.
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(D) A 50mm filter valve at the top of each cooler bank.
(E) A 50mm drain valve at the lowest point of each interconnecting oil pipe.

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

(G) Airrelease and drain plugs on each radiator.

The omission of any, or the provision of alternative, arrangements to the above requirements
will not be accepted unless approved in writing by the Engineer before manufacture.

4.6.4 Forced Cooling

The type of forced cooling shall be as stated in the Schedule of Requirements.

Forced cooling equipment for transformers of similar rating and design shall be completely
interchangeable, one with the other, without modification on site.

4.6.5 Oil Pipes and Flanges

4.6.5.1 All oil piping necessary for the connecting of each transformer to its conservator,
cooler banks etc. shall be supplied and erected under this contract.

4.6.5.2 The oil piping shall be of approved material with machined flanged joints. Copper
pipework is to comply with BS 61.

4.6.5.3 Dimensions of steel pipes shall be in accordance with BS 3600 and the drilling of all
pipe flanges shall comply with BS EN 1092.

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

4.6.5.5 All necessary pipe supports, foundation bolts and other attachments are to be
provided.

4.6.5.6 It shall be possible to drain any section of pipework independently of the rest and
drain valves or plugs shall be provided as necessary to meet this requirement.

4.6.6 Air Blowers
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Air blowers for forced air cooling shall be of approved make and design and be suitable for
continuous operation out-of-doors. They shall also be capable of withstanding the stresses
imposed when brought up to speed by the direct application of full line voltage to the motor.

To reduce noise to the practical minimum, motors shall be mounted independently from the
coolers or, alternatively, an approved form of anti-vibration mounting shall be provided.

It shall be possible to remove the blower, complete with motor, without disturbing or
dismantling the cooler structure framework.

Blades shall be of material subject to approval.

Blower casings shall be made of galvanised steel of thickness not less than 2.6mm
(14 S.W.G.) and shall be suitably stiffened by angles or tees.

Galvanised wire guards with mesh not exceeding 12.5mm shall be provided to
prevent accidental contact with the blades. Guards shall also be provided over all
moving parts. Guards shall be designed such that blades and other moving parts
cannot be touched by test fingers to IEC 60529.

Cooler Control

Where forced cooling using multiple small single-phase motors is employed, the
motors in each cooling bank shall be grouped so as to form a balanced three-phase
load.

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

Where forced cooling is used on transformers, provision shall be included under this
contract for automatic starting and stopping from contacts on the winding
temperature indicating devices as specified. The control equipment shall be
provided with a short time delay device to prevent the starting of more than one
motor, or group of motors in the case of multiple cooling, at a time.

Where motors are operated in groups, the group protection shall be arranged so
that it will operate satisfactorily in the event of a fault occurring in a single motor.

The control arrangements are to be designed to prevent the starting of motors
totalling more than 15kW simultaneously, either manually or automatically. Phase
failure relays are to be provided in the main cooler supply circuit.

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

All wiring for the control gear accommodated in the marshalling kiosk, together with
all necessary cable boxes and terminations and all wiring between the marshalling
kiosk and the motors, shall be included in the contract.

An alarm of indicating "Transformer Cooling Fault" is to be provided and initiated in
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the event of any ventilation/cooling motor trip, or failure of either main or control
supplies.

4.7 Voltage Control

47.1 General

4.7.1.1 Transformers shall be provided with tap changers for varying the effective
transformation ratio. Control schemes shall utilise voltage derived from the 400V, 3
phase, 4 wire system. Phase failure relays shall be provided to ensure a secure

supply.

4.7.1.2 Winding taps as called for in the Schedule A of Requirements shall be provided on
the high voltage winding.

4.7.1.3 All terminals shall be clearly and permanently marked with numbers corresponding
to the cables connected thereto.

4.7.1.4 Tap positions shall be numbered consecutively, ranging from one upwards. The tap
positions shall be numbered so that by raising the tap position the LV voltage is
increased.

4.7.2 On-Load Tap Changers

General

On-load tap changers shall be from MR Germany or ABB Sweden make, vacuum type, and
comply with IEC 60214-1 and shall be suitable for power flow in both directions. OLTC shall
be of sufficient capacity to satisfy the requirements in this specification.

Only designs that have been type-tested in accordance with these standards will be
accepted. Tap changers in auto-transformers shall be located between the HV and LV
windings. Then tap changer shall be placed in primary winding side of the Power transformer
in order to regulate the secondary winding side operating voltage. It shall operate in
Constant Flux & Variable Voltage (C.F.V.V.) mode. The Variable Flux & Variable
Voltage (V.F.V.V.) design for OLTC is generally not acceptable.

The OLTC shall be installed inside the main tank.

Current making and breaking switches associated with the tap selectors or otherwise where
combined with tap selectors shall be contained in a tank in which the head of oil is
maintained by means completely independent of that on the transformer itself. Details of
maintaining oil separation, oil levels, detection of oil surges and provision of alarm or trip
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contacts will be dependent on the design of tap-changer and be to the approval of the
Engineer.

4.7.2.1 Capabilities and Ratings

4.7.2.2

4.7.2.2.1 All taps shall be full capacity taps.

4.7.2.2.2 The tap changer is required to regulate the secondary voltage for a varying
primary voltage on the transformer as well as for the increased voltage drop due to
increased load on the transformer.

4.7.2.2.3 The transformer shall be capable of full MVA output should the LTC stall in any off-
tap position. The tap changer shall be capable of completing a tap change if a thru-
fault occurs after a tap change has begun.

4.7.2.2.4 LTC’s shall be capable of parallel operation with circulating currents not to
exceed 20% of rated current.

4.7.2.2.5 All components of the transformer shall be capable of carrying maximum rated
current at all tap positions.

4.7.2.2.6 Series load tap changer windings, if any, shall be so sized and arranged that
they, or any of their associated leads, do not become the transformer hot spot or
generate gasses if the transformer is operating at full buck at maximum current
above nameplate capacity.

4.7.2.3 Tap changer operation mechanism

4.7.2.3.1 A mechanism for hand operation shall be provided. A permanently legible
lubrication chart shall be provided and fitted inside the tap change mechanism
chamber.

4.7.2.3.2 The tap change mechanism shall be designed such that when a tap change has
been initiated, it will be completed independently of the operation of the control
relays and switches. If a failure of the auxiliary supply during tap change or any
other contingency would result in that movement not being completed, an
approved means shall be provided to safeguard the transformer and its auxiliary
equipment.

4.7.2.3.3 LTC drive motor shall include the following:
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i) A driving motor suitable for operation from the station service source described in
the Appendix. 230 VAC motor is preferred. Motors rated 240 VAC or 415 VAC
shall be capable of operating at either voltage.Proper working of the drive motor
shall be ensured up to 25% below the rated voltage.

i) Suitable thermal & overload protection and motor starting contactors for the
driving motor control.
iii) An ammeter to monitor the drive motor.

iv) Under-voltage relays sensing loss of power to the LTC motor and controls.

4.7.2.3.4 Thermal devices or other approved means shall be provided to protect the motor
and control circuit. Mechanical position indicator with provisions to show
maximum raise and lower positions of the mechanism by means of manual reset
indicators. The drag-hand reset device shall be located less than five feet above
the base of the transformer. The dial-type indicator shall be configured so that
the dial moves in the clockwise direction for tap changes in the raise direction
(increasing LV voltage).

4.7.2.3.5 Two operation counters; one will display total operations and the other will be
resettable and will have an alarm contact for excessive operations. The number
of operations for which the alarm contact closes shall be user-adjustable.

4.7.2.4 Tap changer controls

LTC controls equipment shall be provided as follows:

* Tap Changer Control with Vacuum Fluorescent Display

* Adapter Panel

+ Parallel Balancing Module

* OQver current Relay (circulating current), with auxiliary contacts for alarm indication.
+ (5/8.66 — 0.2 Amp) Auxiliary CT

Mode Selector Switch to select sequential or non-sequential mode of operation (Operable
from ground with doors open):

* Sequential -Tap changer will continue changing taps as long as Raise-off-Lower switch is
held in either position.
* Non-Sequential -Tap changer will move only one step regardless how long Raise off-Lower

switch is held in position. Control Switch must be returned to OFF position before OLTC will
move to another tap.

Manual, Automatic and provisions for Remote control shall be provided as follows:

» "Raise-Lower" manual control switch shall be provided in the control cabinet for local control.
» "Remote-Automatic-Manual" switch shall have to be provided.
» There shall be provisions made for future remote control of load tap changing equipment.

Voltage Reduction Provisions All transformers shall include provisions for two steps of
voltage reduction (2-1/2% and 5%).
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» 230 VAC power supply provision for the Customer’s radio receiver which will contain contacts
for 2-1/2% and 5% voltage reduction.

» A three-position 43VR switch shall be provided for local initiation of voltage reduction. (The
switch shall be labeled “2-1/2% -Normal -5 %.”)

» VR2.5 and VR5.0 Auxiliary Relays which will be picked up by appropriate contacts in either
the radio receiver or the 43VR switch. The VR2.5 and VR5.0 Auxiliary Relays will have
contacts connected to appropriate terminals of the “90” relay.

The LTC control shall include Line Drop Compensation. LTC current circuit grounds are to
be grounded directly at the short-circuiting block of the current transformer only.

Suitable test terminals for measuring regulated voltage shall be provided.

Test switches shall be provided for isolating voltage and current to the LTC controls. Current
test switches shall be shorting type with test jack. Voltage test switches shall include test
jacks.

Three limit switches, SPDT suitable for 0.5A at 125VDC as follows:

» One switch with the normally open (N.O.) contact closed only when OLTC is in ON TAP in the
full raise position and the normally closed (N.C.) contact closed in all other positions.

» One switch with the normally open (N.O.) contact closed only when OLTC is ON TAP in the
full lower position and the normally closed (N.C.) contact closed in all other positions.

» One switch with the normally open (N.O.) contact only closed when OLTC is ON TAP in the
neutral position and the normally closed (N.C.) contact closed in all other positions. The NO
contact shall be wired to the LTC control relay for use with the neutral position detection
feature.

> All contacts shall be wired out to terminal block in the control cabinet.

The following operating conditions are to apply to the on-load tap changer controls:

(A) It must not be possible to operate the electric drive when the manual operating gear
is in use.

(B) It must not be possible for two electric control points to be in operation at the same
time.

(© Operation from the local or remote control switch shall cause one tap movement
only, unless the
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Control switch is returned to the off position between successive operations.

(D) It must not be possible for any transformer operating in parallel with one or more
transformers in a group to be out of step with the other transformers in the group.
Any deviation in the position of tap changers has to stop further function of the AVR.
(Out of step protection)

(E) All electrical control switches and local manual operating gear shall be clearly
labelled in an approved manner to indicate the direction of tap changing, i.e. raise
and lower tap number.

(3] Emergency stop push-button at local and remote control positions.

4.7.2.5 Indications

Apparatus of an approved type shall be provided on each transformer:

(A) To give indication mechanically at the transformer and electrically at the remote control
point of the number of the tapping in use.

(B) To give electrical indication, separate from that specified above, of tap position at the
remote supervisory point.

(C) To give indication at the remote control point and at the supervisory control point that a
tap change is in progress; this indication to continue until the tap change is completed.

(D) To give indication at the remote control point and at the supervisory control point when
the transformers operating in parallel are operating out of step.

(E) To indicate at the tap change mechanism the number of operations completed by the
equipment.

Tap position indicator providing exact position, complete with an electrically operated
synchro transmitter for remote exact position indication. Indicator shall not be mounted on
cabinet cover but shall be visible through a weatherproof view port by a person of average
height standing erect. The vendor shall also supply a tap position receiver with the
appropriate programming and scaling to function properly with the supplied tap position
transmitter. The receiver shall be suitable for panel mounting and contain an integral
transducer providing 0-1mA or 4-20 mA analog output and RS232 serial output for remote
tap position indication to SCADA center. The vendor shall supply documentation showing
the value of the analog output signal of the transducer and the corresponding tap position of
the transformer.

4.7.2.6 OLTC alarms

One common annunciator point on the transformer annunciator shall be provided to indicate
any of the following:
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a) OLTC "OFF-TAP".

b) Vacuum problem, if applicable

c) Excessive operations

d) LTC fault pressure relay alarm

e) LTC control relay “Self-Test” alarm

f) LTC control relay actuation of Block Raise/Lower (user programmable alarm)

Provisions shall be made to block OLTC operation by a normally closed contact of the
Employer's transformer lockout relay.

4.7.2.7 Paralleling facilities

4.7.2.7.1 Transformers supplied against each item shall be designed to operate satisfactorily, one
with the other, when operating on the same tap position.

4.7.2.7.2 A circulating current paralleling scheme shall be used for parallel operation of the
transformer's regulating equipment with a similar unit as described in the Specific
Transformer Data Sheets. This scheme shall insure that the transformers are within two
steps of each other while they are operating in parallel.

4.7.2.7.3 Equipment shall be installed to block operation of the load tap changing equipment in a
direction which would increase circulating current for an abnormal condition.

4.7.2.7.4 Suitable current transformers shall be provided for line drop compensator operation
and/or for input to a circulating current paralleling scheme. Phase(s) to be used for LDC
CT’s are identified on the Specific Transformer Data Sheet. Secondary leads shall be
connected to terminal blocks in the CT cabinet. Auxiliary CT's (1:0.2 amp) shall be
provided as necessary.

4.7.2.7.5 A 52Y (Interposing relay) with (2 NO and 2NC) contacts shall be provided for use by the
Customer in the paralleling scheme.

4.7.2.7.6 Provisions shall be made to permit either phase-to-neutral or phase-to-phase voltage
input along with corresponding CT connections.

4.7.2.7.7 A 17 step resistor (25 ohm, 3 watt resistor per step, 800 ohms total) shall be provided for
use by the Employer to indicate tap position as per standard practice.

4.7.2.8 OLTC Accessories:

4.7.2.8.1 Local Control Switch with pistol grip handle, spring return to OFF, for LTC controls.
Switch shall be labeled Lower-OFF-Raise (Operable from ground with doors open).
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4.7.2.8.2 Necessary equipment to permit parallel operation with the transformers specified. This

a)

b)
c)

equipment shall include:

An adjustable time delay relay, to start timing on operation of the circulating current
relay.

Current test facilities, testing LDC current transformer and circulating current relay.
An auxiliary relay used in conjunction with the LTC control relay, to block tap
changer operation and transmit remote alarm on time out of the time delay relay.
Alarm contact(s) shall be connected as required to the HIGH CIRCULATING
CURRENT ALARM point on the local annunciator. Auxiliary relay shall have contacts
rated for 125VDC.

4.7.2.8.3 Pressure relief device, temperature indication equipment, and fault pressure relay as per

>

relevant Section below:

Pressure relief device shall be screened to prevent entrance of foreign objects and
moisture into the compartment. Setting of the relief devices shall be as determined by
the load tap changer manufacturer.

The LTC pressure relief alarm will be connected to an LTC PRESSURE RELIEF
alarm point on the local annunciator.

Semaphore for LTC compartment shall be visible from the ground.

Discharge of pressure relief device(s) shall be baffled to control direction and extent
of spray and to facilitate clean-up.

4.7.2.8.4 Limit switches shall be provided to prevent over-running of the tap changing mechanism.

These shall be directly connected in the operating motor circuit. In addition, mechanical
stops shall be fitted to prevent over-running of the mechanism under any conditions. For
on-load tap change equipment these stops shall withstand the full torque of the driving
mechanism without damage to the tap change equipment.

4.7.2.8.5 Lamp receptacle controlled by a door switch and located remote from control wires.

Receptacle shall be for IEC standard medium base lamps. IEC grounded convenience
receptacle with GFI protection in the control cabinet.

4.7.2.8.6 Parts or components of the tap changer that will require periodic adjustment or

replacement shall be built to IEC Standards permitting the use of standard tools.

4.7.2.8.7 Space heater(s) with protective guard(s), located to prevent overheating wiring or

equipment or accidental contact by personnel checking wiring.

4.7.2.8.8 Space heaters shall be uncontrolled and sized to maintain internal cabinet temperature

at least 5°C above external ambient, with external ambient temperature as per Section
4.4, Service Conditions.
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Multiple heaters safely distributed over bottom of control cabinet shall be provided if
more than 350 watts (net) is required. To be controlled by 20A circuit breaker.

Rated voltage of space heaters shall be at least 67% higher than the applied voltage.

All LTC control wiring shall be stranded copper, with thermosetting 600V insulation, 90°C
or higher, electrically, thermally and mechanically suitable for its environment and
application. Flame, oil and heat resistant wiring with higher voltage thermosetting
insulation or higher operating temperatures are acceptable without prior approval.

A Non-GGClI outlet (refer to section below for rating) to be provided.

LTC compartments shall meet the following requirements:

» The oil system for OLTC shall be independent of and isolated from the main tank oil system.
All barriers between OLTC compartment and main tank shall permit full vacuum filling of the
main tank regardless of the status of the tap changer compartment.

» Tap changer shall be free-breathing with a suitable desiccant breather located approximately
5 feet from the transformer base for ease of replacement.

4.7.2.8.14

Each separate LTC oil-filled compartment shall have the following minimum accessories:

i. One -Upper vent connection with pipe cap.
ii. One -Lower fill and drain valve with pipe plug.
iii.  Valve to have sampling valve located outside the disk of the main valve.
iv. The valve shall be on the bottom of the compartment.
V. One -Oil level indicator with high and low level alarm contacts.
Vi. All LTC level alarms will be connected to a single LTC OIL LEVEL alarm point on the local
annunciator.

vii. Indicators for all compartments shall be readily visible from a single location.

viii. Each compartment of the tap changer shall have an RTD temperature sensing device
mounted in a well. Extension leads shall be run in a weatherproof raceway system to the
electronic temperature monitoring device in the cooling control cabinet.

iX. One -Pressure relief device shall be provided for the common LTC compartment, with alarm
contacts and readily visible semaphore. And baffle and discharge pipe.

4.7.2.8.15

4.7.2.8.16

The power supply for the LTC motor shall be as specified in the Data Sheets in the
Appendix. AC and DC auxiliary power for LTC motor and controls shall be routed from
the cooling equipment control cabinet as separate branches.

A hand crank shall be provided for operating the LTC for maintenance or due to a
defective motor. It shall not be necessary to take the transformer out of service to
manually operate the LTC. Interlocks shall be provided to de-energize motor while hand
crank is in place for manual operation. Heavy duty limit switches shall be provided to cut
off the LTC motor circuit and control circuit at the end of the desired travel. Separate
contacts shall be provided for the motor circuit and the control circuit. Limit switches shall
not be located in any oil filled compartments.
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Torque switches for motor and/or control circuit shutoff are not acceptable. LTC drive
motor and controls may be in a common control cabinet. The control cabinet for OLTC
drive motor and controls shall be separate from the control cabinet for transformer
cooling controls, miscellaneous controls, alarms and CT lead terminations unless
otherwise specified.

Each LTC control cabinet shall be weather proof, with hinged access doors as follows:

Locking facilities, suitable for padlocks with shanks

Doors shall have suitable gaskets completely around each opening and a weather shield
on the top horizontal surface.

Each door shall be equipped with a holding bar or other mechanism to securely hold the
door open at least 110° from the cabinet against winds gusting to 40 kph.

The top of the LTC control cabinet shall not be more than six feet above the base of the
transformer. Exposed operating shafts between the LTC and the control cabinet shall be
equipped with removable shrouds for personnel safety.

The following equipment shall be housed in all LTC control cabinets. No control or
indicating devices shall be mounted on the outer cabinet doors.

Voltage test terminals to permit monitoring voltage regulating relay input voltage and to
permit impressing external voltages for calibration and setting of voltage regulating relay.
(Accessible from ground with doors open)

All control wiring shall terminate with insulated full ring lugs on one side of 600V, 25A (or
higher), double row barrier type terminal blocks with screw terminals and captive links.
Barrier spacing shall be sufficient to permit termination of wiring using Insulated Full Ring
Terminal with Seamless Barrel or Braised Barre

No more than two wires shall be terminated under any given screw terminal.
Manufacturer's wiring to terminal blocks intended for extension by Employer shall
terminate on one row, with the other row kept clear of Manufacturer's wiring. The row
used for Manufacturer's wiring and Customer's wiring shall be consistent on all terminal
blocks in a vertical column, with rows arranged so Customer's cables may rise between
two adjacent rows and fan out in each direction. There shall be a wiring extension to a
connection box where plug/ receptacle type connectors shall be used for quick
connection of wiring into modular substation.

All wiring associated with tripping, including lockout relays and initiating devices, shall be
unfused.

All Manufacturer's LTC control wires shall be provided with indelible marker sleeves at
each termination designating the location of the opposite end termination.

All wiring inside the LTC control cabinet shall be run in wire duct with snap on covers to
permit easy tracing of circuits. Open wiring bundles with wraps are not acceptable.

All components in the LTC control cabinet shall be capable of continuous operation with
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an air temperature inside the cabinet that is 10°C above the outdoor ambient
temperature as specified in Section 4, Service Conditions. Any load tap changer shall be
capable of successfully completing a tap changing operation without damage if an
external short circuit occurs while the load tap changer is changing taps.

4.7.2.8.28 Line drop compensator, control relays, time delay relays and facilities for readily
reversing polarity of reactance compensation. See Data Sheets for specific transformer.

4.7.2.8.29 High loads on the change-over selector, caused by large breaking currents and large
recovery voltages, result in the formation of more gas. Use of the snap-action contact is
recommended when average gas volumes of 7-70 ml and more are being created per
change-over selector connection. Mechanism shall be provided in Tap-changer
compartment for reducing the amount of gas produced during a change-over selector
connection. The volume of gas shall thereby be reduced by around 80-90%.

4.7.2.8.30 Typically it is named as The Active Gas Inhibition/Reduction System (AGIS/AGRS)
.AGIS/AGRS shall be provided for high-voltage & high Power Transformer.

4.7.2.9 Local and Remote Control

Equipment for local manual and electrical operation shall be provided in an outdoor cubicle
complying with Section 2. A thermostat controlled anti-condensation heater is to be provided
in the cubicle. Electrical remote control equipment shall also be supplied as specified in the
Schedule A - Schedule of Requirements.

The following operating conditions are to apply to the on-load tap changer controls:

(A) It must not be possible to operate the electric drive when the manual operating gear is
in use.

(B) It must not be possible for two electric control points to be in operation at the same
time.

(C) Operation from the local or remote control switch shall cause one tap movement only,
unless the control switch is returned to the off position between successive operations.

(D) It must not be possible for any transformer operating in parallel with one or more
transformers in a group to be out of step with the other transformers in the group. Any
deviation in the position of tap changers has to stop further function of the AVR. (Out
of step protection)

(E) All electrical control switches and local manual operating gear shall be clearly labelled
in an approved manner to indicate the direction of tap changing, i.e. raise and lower
tap number.

(F) Emergency stop push-button at local and remote control positions.

4.7.2.10 Oil Filter
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Each tap changer is to be equipped with a stationary on-line olil filter facility, complete with
time switch control.

4.7.3

Automatic Voltage Control

Automatic control shall be suitable for control of transformers in parallel. In addition to the
methods of control covered by Clause 4.7.2, the following methods shall also be provided.

(A) Automatic Independent - It shall be possible to select automatic independent control
for each transformer irrespective of the method of control selected for any other of the
associated transformers.

(B) Automatic parallel - It shall be possible to select any transformer for master or follower
control.

It must not be possible to operate any tap changer by supervisory, remote or local electrical
hand control while the equipment is switched for automatic operation.

4.7.4

4.7.4.1

4.7.4.2

4.7.4.3

4.7.4.4

Voltage Regulating Relays

Automatic voltage control shall be initiated by a voltage regulating relay of an approved type
and suitable for flush mounting. The relay shall operate from the nominal reference voltage
stated in the Schedule of Requirements derived from a circuit mounted LV voltage
transformer having Class 1.0 or 0.5 accuracy to IEC 60044-5 (for capacitive) IEC 60044-2
(for inductive) and the relay voltage reference balance point shall be adjustable.

The relay bandwidth shall preferably be adjustable to any value between 1.5 times and 2.5
times the transformer tap step percentage, the nominal setting being twice the transformer
tap step percentage.

The relay shall be insensitive to frequency variation between the limits of 47Hz and 51Hz.
The relay shall be complete with a time delay element adjustable between 10 and 120
seconds. The relay shall also incorporate an under voltage blocking facility which renders
the control inoperative if the reference voltage falls below 80 percent of the nominal value
with automatic restoration of control when the reference voltage rises to 85 percent of
nominal value.

On each transformer the voltage transformer supply to the voltage regulating relay shall be
monitored for partial or complete failure. The specified indicating lamp and alarm will be
inoperative when the circuit breaker controlling the lower voltage side of the transformer is
open and also that when the tap changer is on control other than automatic control.
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Remote Control Panels

The remote control panels specified in the Schedule of Requirements shall be floor mounted
sheet steel cubicles of approved type, layout and colour to Munsell notation 5Y-7/1 and shall
be provided for each transformer. The control cabinet shall be of weather-proof construction
with dip edge over hanging cabinet doors. Cabinet door to have provisions for a padlock.
Each door shall be equipped with a holding bar or other mechanism to securely hold the
door open at least 110° from the cabinet against winds gusting to 25 miles per hour. Lamp
receptacle controlled by a door switch and located remote from control wires. Receptacle
shall be for IEC standard medium base lamps. 100W equivalent LED bulbto be supplied.

One (1) 20 Amp, 230 VAC, single phase, wire grounded duplex convenience receptacle(GFlI
protected) shall be provided in the control cabinet.

Weather-shielded, screened breather holes shall be furnished at the top and bottom of the
cabinet.

The bottom of the control cabinet shall have a removable plate suitable for the Customer's
conduit connections. The removable plate shall be 8" x 20" or larger. The dimensions and
center line location of this plate shall be clearly shown on the outline drawing.

Each shall form a complete enclosure with lockable rear doors and shall be fitted with
interior lamp, door switch, heaters, cable gland plates for bottom entry of cables and all
other equipment to provide the features specified, the standard requirements (which may be
varied to suit Manufacturer's design) being as follows:

e Instruments:
- Voltmeter (voltage at the low voltage terminals of the transformer)
- Tap position indicator with integral or separate scale to indicate the no-load (LV)
Voltage in kV appropriate to each winding tap.
e Relays:
- Automatic voltage control
e Controls:
- Automatic/Non-automatic voltage control selector switch
- Remote/Supervisory tap change control selector switch
- Pistol grip selector switch with centre zero
- Independent/Master/Follower selector switch
- AVR voltage reference adjuster
¢ Indications and Alarms:
- Tap change in progress - white lamp
- Tap change out of step - amber lamp
- Tap change incomplete - amber
- Tap change control on "local”
- Tap change control on auto/manual
- Group 1 Air forced cooling equipment running - white
- Group 1 Air forced cooling overcurrent alarm - amber
- Group 2 Air forced cooling equipment running - white
- Group 2 Air forced cooling overcurrent alarm - amber
- Forced cooling failure-amber lamp
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- VT Fail alarm - amber
- Supply voltage to OLTC failure - amber lamp

Remote control schemes shall be entirely suitable for operation with the distance between
the transformer and remote control panels as shown on the Specification drawings.

4.7.6

4.7.6.1

4.7.6.2

4.7.6.3

4.7.6.4

4.7.6.5

4.7.6.6

4.7.6.7

4.7.6.8

4.7.6.9

Off-Load Tap Changers

An externally operated DETC shall be provided for the high voltage winding taps.The off-
circuit tappings as specified in the Schedule of Requirements shall be provided on the
higher voltage windings for a variation of no-load primary voltage as specified.The DETC
shall include tap positions as described in the Appendix section. All taps shall be full
capacity taps.

A positive type position indicator shall be furnished, complete with provisions for padlocking
the DETC in any on-tap position with padlocks having 3/8" shanks and 2" x 2" x 7/8" bodies.
A suitable weather shield shall be provided over the padlock and positioning pin and shall be
designed to eliminate the need for tools for access. Any exposed portion of the mechanism,
such as a position indicator or geneva gear, shall also be furnished with a weather
shield.Off-load tap-changing shall be carried out by means of an external hand-operated
tapping switch mounted on the side of the tank. All phases of the tapping switch must be
operated by one hand wheel.

All DETCs on a transformer shall be operated by a suitable single external manual handle
device, conveniently and safely operable from the ground, with the handle no more than 3 to
5 feet above the tank base. Multiple DETC operating handles are not acceptable.

The DETC operating handle is to be readily accessible for operation without interference
from adjacent parts. All taps shall be rated for loading above maximum nameplate
capabilities of the transformer as specified in Data Sheets.

Any shaft penetration designs directly through the tank wall at a location below the top of the
core/coil assembly shall have double sealing on the rotating shaft and on the mounting
flange.

Under no conditions shall a sprocket and chain drive arrangement be acceptable for
connecting the DETC assemblies on each phase to the common operating shaft.

The tapping switch shall have a spring-loaded captive bolt or other approved means on the
moving part that positively locates the switch correctly at each tapping position. This bolt
must be lockable at each tapping position and shall be provided with a suitable padlock and
keys. Moving the switch from one tapping position to another shall require that the bolt be
withdrawn by hand from its locating socket on the transformer tank against the spring
pressure.

Tap-position numbers corresponding to the tapping switch bolt-locating sockets shall be cast
or engraved in a metal indication plate fixed to the tank and a keyed metal pointer on the
tapping switch operating handle shall show clearly at which tapping number the transformer
is operating.

All tap-position indicators shall be marked with one integer for each tap position, beginning
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at number 1. Adjacent taps shall be numbered consecutively in such a manner that when
moving a tap to a new tapping position that has a higher number, the no-load output voltage
of the untapped winding increases.

4.7.6.10 DETCs shall be prevented from being left between taps and shall be prevented from moving
off tap due to vibrations or bumping.

4.7.6.11 All tapered pins used in DETC assemblies shall be fully driven into the holes, slightly below
the surface of the entrance side of the holes, and the entrance side of the holes deformed.

4.8 Supervisory Control

4.8.1 Requirements

Transformer tap change control will be affected from the substation control room with
facilities for remote control from the Load Despatch Centre. All necessary connections,
indications, auxiliary switches, relays and changeover switches to meet supervisory control
requirements shall be provided and connected under this contract to terminal blocks in the
remote control panels. The supply and installation of the multicore control cables between
the remote control panels and the plant/telecontrol interface cubicle shall be provided under
the contract.

4.8.2 The following supervisory facilities are required:

Controls:

i) Supervisory selection of auto/non-auto voltage control.

ii)  Tap change raise/lower by direct operation of tap changer.
i)  Tap change blocking on/off.

iv)  Remote/supervisory selection "override".

v)  Parallel/independent control.

Indications and Alarms:

i) Tap position indication by means of transducer with 4-20 mA d.c. output range
proportional to step increment.

ii)  Tap change out of step alarm.

iii)  Buchholz and winding temperature non-trip alarm.
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Tap change control on Local/Supervisory.
Parallel/independent, master/follower.
Tap change blocking on/off.

Tap change control on automatic/manual.

contacts for supervisory alarms and indications shall be potential free.

Terminal Bushings and Connections

General

Where stated in the Schedule of Requirements, transformers are to be provided with
outdoor type bushing insulators.

All bushings shall comply with IEC 60815& IEC 62217. The minimum creepage distance for
outdoor bushings shall not be less than 25mm per kV of rated voltage between phases.

Outdoor bushing insulators shall be provided with adjustable arcing horns where applicable
and for rated voltages of 33kV and lower these shall be of the duplex gap type.

Bushings shall be of sealed construction suitable for service under the very humid
conditions at Site and, addition, for the very rapid cooling of equipment exposed to direct
sunlight when this is followed by sudden heavy rainstorms.

Typical sections of bushing insulators showing the internal construction, method of securing
the top cap and methods of sealing shall be included in the Bid.

The bushings shall be located on the top of the tank so that a bushing may be replaced
without the need to reduce the oil level below the top of the windings.

n all bushings a tapping shall be brought out to a separate terminal for testing purposes on
site.

Special precautions shall be taken to exclude moisture from paper insulation during
manufacture, assembly, transport and erection.

Type, rating & Construction of Bushings

All bushings shall be Resin Impregnated Paper (RIP) bushings oil-free dry and clean
technology. All terminal bushings (unless otherwise noted on the Specific Transformer Data
Sheet) shall be located on the tank cover and shall be in accordance with IEC Standards
where applicable.
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The current rating of each bushing shall be equal to or greater than the current it will carry at
the maximum forced-cooled rating and overload rating. Additionally, the current rating of
each neutral bushing shall not be less than the current rating of the associated line
bushings. The HOXO0 bushing, when required, shall be rated to sustain the maximum
operating current of the common winding.

Bushing leads shall be accessible from the bushing cover. Accessibility to leads shall not
require personnel to enter the transformer tank. draw-lead connection is required for all
bushings whenever possible. In cases where the transformer winding leads are bolted to the
bottom of the bushings, two-bolt connections shall be used; single-bolt connections are not
acceptable.

Approved suppliers of bushings are: ABB (Sweden), Trench (France/USA), HSP (Germany),
(and as specified in Technical data sheets). For low voltage ELMEK (Turkey) & CEDASPE
(Italy) are acceptable.

Bushing outline drawings with stud sizes identified shall be submitted with transformer
approval drawings.4-hole IEC bushing terminal connectors shall be supplied for each
bushing. Connectors shall be tinned copper-bronze, and finished on both sides. Cut sheets
shall be provided showing materials, dimensions and current rating of terminal connectors.
Type test of the Busing for Short circuit force withstand capability shall be submitted with the
Bid and the same shall be submitted during execution for approval.

Bushings for Buried Z-Terminals

Where a buried delta tertiary is specified, the corner of the delta shall be brought out through
bushings. The corner of the delta shall be completed externally and grounded through an
external connection. The two winding terminals at one corner of the tertiary delta shall be
separately brought through 15 kV bushings mounted on the tank cover. Removable straps
shall be furnished to connect the external bushing terminals together and to the tank. The
bushings shall be located and labeled to avoid confusion with other bushings, and shall be
protected with a removable, weatherproof metal cover.

An instruction plate shall be furnished and mounted near these bushings, specifying that the
external bushing terminals must be connected together, and to the tank, whenever the
transformer is energized. The same instructions shall be shown on the main transformer
nameplate.

Porcelain (Not used)

Hollow porcelain shall meet the test requirements of IEC 60233 and shall be sound, free
from defects and thoroughly verified. Designs based on jointed porcelains will not be
acceptable. The glaze must not be depended upon for insulation. The glaze shall be
smooth, hard, of a uniform shade of brown and shall cover completely all exposed parts of
the insulator. Outdoor insulators and fittings shall be unaffected by atmospheric conditions
producing weathering, acids, alkalis, dust and rapid changes in temperature that may be
experienced under working conditions.
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The porcelain must not engage directly with hard metal and, where necessary, gaskets shall
be interposed between the porcelain and the fittings. All porcelain clamping surfaces in
contact with gaskets shall be accurately ground and free from glaze.

All fixing material used shall be of suitable quality and properly applied and must not enter
into chemical action with the metal parts or cause fracture by expansion in service. Cement
thicknesses are to be as small and even as possible and proper care is to be taken to centre
and locate the individual parts correctly during cementing.

All porcelain insulators shall be designed to facilitate cleaning.

Silicone Rubber

Resin Impregnated Paper (RIP) Condenser Bushing shall use Silicone Rubber
composite insulator as housing of the bushing.

Bushings shall be robust and designed for adequate cantilever strength to meet the
requirement of seismic condition, substation layout and movement along with the spare
Transformer/ Reactor with bushing erected and provided with proper support from one
foundation to another foundation within the substation area. It shall have Low dielectric
losses.

The electrical and mechanical characteristics of bushings shall be in accordance with
IEC: 60137/DIN 42530. All details of the bushing shall be submitted for approval and design
review during contract stage.

The bushing shall be provided with tap for capacitance and tan delta test. Test taps relying
on pressure contacts against the outer earth layer of the bushing is not acceptable.

Where current transformers are provided, the bushings shall be removable without
disturbing the current transformers.

Bushings of identical rating shall be interchangeable to optimise the requirement of spares.

Polymer / Composite Insulator

Different composite insulating materials are available like EP, PTFE, EPDM or silicone for
use as Composite Insulator. For Bushing application under this specification, silicone rubber
(SIR/SR) shall be used.

The hollow silicone composite insulators shall comply with the requirements of the IEC
publications IEC 61462 and the relevant parts of IEC 62217.

The material shall be non-inflammable, have no partial discharge during whole lifetime,

Secondary insulation shall be Dry material filler, i.e., no oil or gas shall be used inside the
bushing and maximum operating temperature shall be 120°C or more.

The SiR generally haC:: the following component —
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* Basic polymer

* Filler, normally AluminiumTriHydrate, ATH

* Catalyst

« Other additives, for instance mould release agent

4.9.6.5 Proper combination shall be made to meet specific requirement of this specification.
Silicone rubber shall withstand ozone and UV light. The Material shall be suitable for
outdoor use, i.e. temperature range, as mentioned in the bidding document.

4.9.6.6 The design of the composite insulators shall be tested and verified according to IEC 61462
(Type & Routine test).

4.9.6.7 The insulator shall have Epoxy resin tube supported with fiber glass as mechanical
reinforcement. On each end of the tube there shall be a flange made of cast aluminum
alloy.

4.9.6.8 Polymer / composite insulator shall be seamless sheath of a silicone rubber compound. The
housing & weather sheds should have silicon content of minimum 30% by weight. It should
protect the bushing against environmental influences, external pollution and humidity.

4.9.6.9 It shall be extruded or directly moulded on the core. The interface between the housing and
the core must be uniform and without voids. The strength of the bond shall be greater than
the tearing strength of the polymer. The manufacturer shall follow non-destructive technique
(N.D.T.) to check the quality of jointing of the housing interface with the core.

4.9.6.10 The weather sheds of the insulators shall be of alternate shed profile as per IEC 60815 The
weather sheds shall be vulcanized to the sheath (extrusion process) or moulded as part of
the sheath (injection moulding process) and free from imperfections.

4.9.6.11 Different formulations of silicone rubber require different processing when producing
high voltage insulators. For example —

4.9.6.12 Low pressure moulding (up to 10 bar) with relatively low curing temperatures (50-80 °C) is
used with low viscosity RTV (Room Temperature Vulcanised) or LSR (Liquid Silicone
Rubber) rubber.

4.9.6.13 High pressure injection moulding (up to 250 bar) with high curing temperatures (130-180
°C) is used with HTV (High Temperature Vulcanising) rubber. Helical winding of an extruded
profile to give an insulator with a thread shaped shed is used with HTV when a high degree
of production flexibility is desired.

4.9.6.14 HTV rubber shall be used for silicone rubber housing of RIP bushing under this
specification. That is, the vulcanization for extrusion process shall be at high temperature
and for injection moulding shall be at high temperature & high pressure. Any seams / burrs
protruding axially along the insulator, resulting from the injection moulding process shall be
removed completely without causing any damage to the housing. The track resistance of
housing and shed material shall be class 1A4.5 according to IEC 60587.

4.9.6.15 The strength of the weather shed to sheath interface shall be greater than the
tearing strength of the polymer. The composite insulator shall be capable of high pressure
washing.
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4.9.6.16 End fittings shall be free from cracks, seams, shrinks, air holes and rough edges. End
fittings should be effectively sealed to prevent moisture ingress, effectiveness of sealing
system must be supported by test documents.

4.9.6.17 The surface shall be Water repellent & self-cleaning, High hydrophobicity over the
whole life time. All surfaces of the metal parts shall be perfectly smooth with the projecting
points or irregularities which may cause corona. All load bearing surfaces shall be smooth
and uniform so as to distribute the loading stresses uniformly. It must be confirmed that, the
surface colour shall not degrade over it’s lifetime.

4.9.6.18 Clamps and fittings shall be of stainless steel. Bushing turrets shall be provided with vent
pipes, to route any gas collection through the Buchholz relay. No arcing horns shall be
provided on the bushings. The terminal marking and their physical position shall be as per
IEC: 60076.

4.9.6.19 Bushing handling and lifting tools with nylon rope / belt, chain block (2 nos.) and D-
Shackle shall be supplied for which cost shall be deemed included. Valid type test report
conducted at third party lab or withessed by third party shall be submitted.

4.9.6.20 Lifetime

The bushings shall be designed to withstand service for the life of the equipment it serves,
normally at least 30 years.

4.9.6.21 Plug-In Type Bushing

Where possible, Tertiary Bushing shall be Plug-In type.

4.9.7 Marking

4.9.7.1 Each porcelain insulator shall have marked upon it the Manufacturer's name or identification
mark and year of manufacture. These marks shall be clearly legible after assembly of fittings
and shall be imprinted before firing, not impressed.

4.9.7.2 When a batch of insulators bearing a certain identification mark has been rejected, no
further insulators bearing this mark shall be submitted and the Contractor shall satisfy the
Engineer that adequate steps will be taken to mark or segregate the insulators constituting
the rejected batch in such a way that there can be no possibility of the insulators being re-
submitted for the test or supplied for the use of the Employer.

4.9.7.3 Each complete bushing shall be marked with the Manufacturer's name or identification
mark, year of manufacture, serial number, electrical and mechanical characteristics in
accordance with IEC 60137:1973.

Tender Document: Design, Supply, Erection, Testing & Commissioning of capacity enhancement and Capacitor Bank
installation with associated switchgear in existing grid substation. (Package-2, Lot-2)




4.9.8

49.8.1

4.9.8.2

4.9.8.3

4.9.8.4

4.9.8.5

4.9.8.6

4.10

4.10.1

235

Mounting of Bushings

Bushing insulators shall be mounted on the tank in a manner such that the external
connections can be taken away clear of all obstacles. Neutral bushings shall be mounted in
a position from which a connection can be taken to a neutral current transformer mounted
on a bracket secured to the transformer tank. The current transformer will be supplied by the
switchgear Manufacturer but provision shall be made on the tank for mounting to the
Engineer's requirements.

The clearances from phase to earth must not be less than those stated in the Schedule of
Requirements.

A flexible pull-through lead suitably sweated to the end of the winding copper shall be
provided for the bushings and is to be continuous to the connector that is housed in the
helmet of the bushings.

When bushings with an under-oil end of a re-entrant type are used the associated flexible
pull-through lead is to be fitted with a suitably designed gas bubble deflector.

The bushing flanges must not be of re-entrant shape that may trap air.

Clamps and fittings made of steel or malleable iron shall be galvanised and all bolt threads
are to be greased before erection.

Bushing Current Transformer

General

4.10.1.1 Except where otherwise specified, each terminal bushing, including neutral, shall be

equipped with bushing-type current transformers that meet the following requirements:

4.10.1.2 All CT’s shall have a continuous thermal current rating factor (RF) of 2 or higher. The

thermal factor requirement shall be met during all loading requirements including planned
overload. Multi-ratio (MR) CT’s shall have 5 leads and fully distributed windings. All CT
secondaries shall be rated 1 ampere with a continuous thermal rating of 5 amperes on all
taps.

4.10.1.3 CTs shall conform to the latest IEC Standard for 5-lead, multi-ratio current transformers.

Multi-ratio CTs supplied with the transformer for relay purposes shall have a metering
accuracy of 0.3% up to B2.0 when at the full tap winding. Single-ratio (SR) CTs supplied
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with the transformer for metering purposes shall have an accuracy of 0.3% up to B2.0. See
the Appendix for the number of CTs on each bushing and their ratios.

4.10.2 CT wiring

4.10.2.1 All secondary wiring for CTs shall be at least 2.5 mm? stranded copper with oil resistant,
thermosetting 600V insulation, 90°C or higher, electrically, thermally and mechanically
suitable for its application. Flame, oil and heat resistant wiring with higher voltage insulation
or higher operating temperatures are acceptable. The five leads of each CT shall be wired to
their own 6-point short-circuiting type terminal block, General Electric Type EB-27.

4.10.2.2 All CT secondary leads shall be brought out to an external junction box with stud, nut and
lock washer connections. All CT secondary leads shall be continuous except at the external
junction box. No internal or external splices shall be allowed. Split lock washers are not
acceptable. Moulded type junction blocks using splices are not acceptable. Note that this
applies to all CT wiring termination, including connections at Electronic Temperature
Monitoring devices where provided. CT connections via “set-screw” type connectors or wire
wrapped around screw terminals is not acceptable. Wiring shall be installed in a weather
proof metal conduit system which shall be effectively sealed. Wire fill in conduit shall meet
IEC/NEC requirements for both # of wires per conduit and % fill.

4.10.2.3 All CT leads longer than 12 inches inside the tank shall be run in non-metallic tubes instead
of being tied directly to supports. All wiring entrances and exits from the tube shall be flared
round to prevent sharp edges that could damage wiring during shipment or other movement.
Leads shall be tied off with cotton tape where they enter and exit the tubing to prevent
unnecessary movement.

4.10.2.4 If CT turrets require removal for transformer shipment, CT lead junction boxes shall be
installed on the removable turret with the CT’s factory installed in the turrets and wired out to
the junction boxes. Prefabricated and pre terminated extension cable pigtails and short
sections of liquid tight flexible conduits shall be used for reconnecting the CT’s during field
assembly. The cabinet containing the CT terminal blocks shall also be equipped with one
States type MTS test switch with 2 current shorting poles and sufficient, properly braced,
space for future field installation of a 5/5A single ratio auxiliary current transformer.

4.10.2.5 The short-circuiting strips of the blocks shall be grounded. Terminal Blocks shall be located
in a separate cabinet or, if located in the main control cabinet, they shall be positioned so as
to minimize the possibility of personnel making inadvertent contact. If a separate CT Cabinet
is provided, it shall meet the following requirements:

4.10.2.6 The CT Cabinet shall be weather proof and shall be large enough to provide sufficient room
to pull in and terminate the user’s 4/C 2.5mm? cables. The bottom of the CT cabinet shall
have a removable plate, at least 8" x12", suitable for the Customer's connections. The
dimensions and centreline location of this cabinet shall be clearly shown on the outline
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drawing. Wire-ways shall be provided for customer wiring.

4.10.2.7 Stainless steel hinges and latching door handle shall be provided. Winding temperature
(hot-spot) current transformer leads shall be brought to a short-circuiting type terminal block
(EB-27 or Employer approved equivalent) in the CT cabinet so that the temperature
indicators can be field calibrated. Calibration information shall be included in the test report
(CT current correlation to hot spot adder; and heater calibration data).

4.10.2.8 A current transformer nameplate shall be mounted adjacent to the respective terminal block
and shall contain the following information. (If space adjacent to the terminal blocks is
limited, a single data plate may be mounted on the inside of the door which includes the
below information.)

Manufacturer's name

Manufacturer's type designation

Rated frequency

IEC accuracy class

Connection chart showing winding development, taps, and ratio in terms of
primary and secondary current, polarity, pole and pocket location.

Curve sheet numbers

Thermal Rating Factor

YV VV VY

Y V

4.11 Auxiliary Power and Control Cables

4.11.1 Scope of Supply

4.11.1.1 This Contract includes the supply, installation and termination of the necessary auxiliary
power and control cables within items of plant supplied under the contract.

4.11.1.2 The Contractor shall produce, during the currency of the contract and in any case, before
shipment of plant commences, detailed cable core schedules for each transformer.

4.11.1.3 All the control wiring for the control equipment on the transformer must run through rigid
conduit piping in order to prevent it from environmental influences. The last 50 cm can be
done with flexible conduit in order to make the connections to the devices and the control
cabinet.

4.11.1.4 Cabinet bottoms shall have ample space for the entrance of the Customer's conduits. In
general, two 3 inch IPS conduits will enter the OLTC control cabinet and three 3 inch IPS
conduits will enter the cooling equipment control cabinet.

4.11.1.5 All external control wiring to accessories, current transformer junction boxes, etc., shall be
run in weather proof raceway systems to either control cabinet as required for local control
connections and the Customer's connections. Raceway systems that fill with water during
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normal use will be remedied at the Manufacturer’s expense.

4.11.1.6 Tank bracing is not to be used as a raceway for any control wiring. Flexible conduits or
armoured cables between devices and rigid conduits or tank bracing shall be weather proof
and their lengths as short as possible and no longer than 3 feet. Loose ends of flexible
connections ending in tank bracing shall be sealed against entry of moisture until field
connections are made.

4.11.1.7 Intermediate terminal blocks between external devices and the control cabinets shall be
barrier type. No splices shall be used.

4.11.1.8 Terminal blocks shall be made of phenolic plastic with captive screws. All control wiring, with
the exception of CT and VT secondary leads and sudden pressure trip leads, shall be
stranded copper, #12 AWG minimum, with oil resistant thermosetting 600V insulation, 90°C
or higher, electrically, thermally and mechanically suitable for its application. Flame, oil and
heat resistant wiring with higher voltage insulation or higher operating temperatures are
acceptable.

4.11.1.9 All wiring inside control cabinet shall be run in wire duct with snap on covers topermit easy
tracing of circuits.

4.11.1.10 All control wiring shall terminate with insulated full ring lugs on one side of 600V,25A (or
higher), double row barrier type terminal blocks with screw terminals and captive links, GE
type EB-25 or equivalent. Barrier spacing shall be sufficient to permit termination of #10
AWG wiring using Insulated Full Ring Terminal with Seamless Barrel or Braised Barrel. No
more than two wires shall be terminated under any given screw terminal.

4.11.1.11 Manufacturer's wiring to terminal blocks intended for extension by Customer shall
terminate on one row, with the other row kept clear of Manufacturer's wiring. The row used
for Manufacturer's wiring and Customer's wiring shall be consistent on all terminal blocks in
a vertical column, with rows alternating every other vertical column so Customer's cables
may rise between two adjacent rows and fan in each direction.

4.11.1.12 All Manufacturer's wires shall be provided with indelible marker sleeves at each
termination designating the location of the opposite end termination. All wiring in the control
cabinet shall be run in wire duct with snap on covers to permit easy tracing of circuits.

4.11.1.13 External wiring that is not in conduit shall be type SOW. All relays, relay terminals, and
terminal blocks shall be easily accessible even if the installation of a hinged door or a hinged
panel is required. Control devices shall not be more than five (5) feet above the transformer
base.

4.11.1.14 All unused relay contacts provided for the Customer shall be wired to terminal blocks and
clearly identified in the control cabinet. At least 20% of the terminal points shall be provided

as spares and evenly distributed among the occupied terminal points.

4.11.1.15 Allrelay and control devices shall be identified by engraved nameplates.

4.11.2 General
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4.11.2.1 Auxiliary power and control cables shall have copper conductors, PVC insulated, armoured
and PVC sheathed overall. The cable design shall generally be in accordance with BS 6346
and Section 6 of this Specification.

4.11.2.2 All cables installed under the contract shall utilise compression glands of type El to BS.6121
or otherwise designed to secure armour wires and bond them to earthed metal and to
provide seals between sheath and gland and between inner sheath and threaded fixing
component.

4.11.2.3 The Contractor shall supply and fit the compression gland and make off individual cores on
to the terminal boards, including the supply and fitting of numbered markers on each core.

4.11.3 Temperature-Indicating Devices and Alarms

4.11.3.1 The transformers shall be provided with approved devices of Kihlstrom or equivalent for
indicating the top oil temperature and hottest spot winding temperatures. The devices shall
have a dial type indicator and, in addition, a pointer to register the highest temperature
reached. Each winding temperature device shall have four separate contacts fitted, two of
which shall be used to control the two groups of cooling plant motors (i.e. AF1 and AF2),
one to give an alarm and one to trip the associated circuit breakers.

4.11.3.2 To simulate indication of the hottest spot temperature of the winding the device shall
comprise a current transformer associated with one phase only and a heating device
designed to operate continuously at 130 percent of transformer CMR current and for 30
minutes at 150 percent of CMR current, associated with a sensing bulb installed in an oil
tight pocket in the transformer top oil.

4.11.3.3 The winding temperature indicators (WTI) shall be housed in the marshalling cubicle. The
tripping contacts of the winding temperature indicators shall be adjustable to close between
80°C and 150°C and to re-open when the temperature has fallen by not more than 5°C.

4.11.3.4 The alarm contacts and the contacts used to control the cooling plant motors on the above
devices shall be adjustable to close between 50°C and 100°C and to re-open when the
temperature has fallen by a desired amount between 5°C and 10°C.

4.11.3.5 All contacts shall be adjustable to a scale and must be accessible on removal of the relay
cover. Alarm and trip circuit contacts shall be suitable for making or breaking 150 VA
between the limits of 30 volts and 250 volts AC or DC and of making 500 VA between the
limits of 110 and 250V DC. Cooler motor control contacts shall be suitable for operating the
cooler contactors direct or, if necessary, through an interposing relay.

4.11.3.6 The temperature indicators in the marshalling kiosk shall be so designed that it is possible to
move the pointers by hand for the purpose of checking the operation of the contacts and
associated equipment.

4.11.3.7 The working parts of the instrument shall be made visible by the provision of cut-away dials
and glass-fronted covers and all setting and error adjustment devices shall be easily
accessible.

4.11.3.8 Connections shall be brought from the device to terminal boards placed inside the
marshalling cubicle.
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4.11.3.9 Terminals, links and a moving iron ammeter shall be provided in the marshalling kiosk for
each WTI for:

(A) Checking the output of the current transformer.
(B) Testing the current transformer and thermal image characteristics.

(C) Disconnecting the bulb heaters from the current transformer secondary circuit to
enable the instrument to be used as an oil temperature indicator. Links shall be
provided as shown on the drawing enclosed with this Specification.

4.11.4 Fiber Optic Based Temperature Sensing System

4.11.4.1 Fiber optic based direct temperature sensing shall be provided for power transformer
winding. The purpose is to provide for faster and more appropriate response to sudden load
increases. Hot spot temperature shall also be measured with the help of fiber optic sensors.
Instead of one point of measurement, multiple point of measurement shall be used for more
accurate result. The probe shall be distributed evenly & suitably to have comprehensive
results. Probes shall be such designed and inserted so that winding insulation is not
compromised. Typically, 2 probes will be mounted at the hot spot location in each phase.
The Fiber Optic Based Temperature Sensing System will be incorporated mainly for the
voltage levels of 230 kV & above

4.11.4.2 The winding sensors are typically located at:

e Near top of upper primary oil duct, X-winding -- 2/ph

¢ Near bottom of lower primary oil duct, Y-winding--- 2/ph

e Near bottom of lower primary oil duct, Z-winding--- 2/ph when applicable

e One (Total 3 for 3-legged core/total 5 for 5-legged core design) more on each core
legs

4.11.4.3 Sensors located other than specified locations which are well adopted in the industry shall
be deemed to finalized during detail design prior to Employers approval.

4.11.4.4 Design having one probe in the lateral phases (A/C) is acceptable subject to justification
that, such design is reliable and does not affect the performance considering the sensors
life-time.

4.11.4.5 Design of Fiber optic probe must be robust. Ideally, long-life probes should have the
following characteristics:

e The sensing technology must be absolutely stable with time, immersed in harsh
chemical environments, and at elevated temperatures

e The probes must be designed so they can mechanically survive steady vibrations and
frequent thermal cycles inside the power transformer.

e The technology that converts the light signal into temperature information must be
insensitive to light intensity variations. This is required to avoid problematic
compensation for any aging effects in the optical fiber link and any interconnections

e Fiber connectors must be leak-proof, reliable and maintenance-free. Oil in optical
path should not interfere with signal.
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4.11.4.6 Although it may seem more accurate to mount fiber optic probes directly on the conductors,
however, it can also be mounted in radial spacers. Also, it appears that the temperature
under the spacer is higher by 1 or 2°C than the surrounding conductor. Hence, the
manufacturer must take approval from the employer during design approval about the place
of mounting of fiber optic probes.

4.11.4.7 The HMI for temperature monitoring shall be of modular type and shall be mounted in the
RTCC panel of transformer with IP54. However, transformer body mounted module is also
acceptable with higher IP (i.e. IP66) & EMC rating. Operating temperature shall be -200C
to +550C. All accessories like Fiber optic cables, couplers, RS-485 port etc. shall be
provided. Approved communication protocols are IEC 61850, shall be used in the system.
Serial or TCP/IP communication shall also be available. SCADA integration option shall be
made available. Any software (if required) shall be furnished. Spare items like light source,
probes etc. vulnerable parts shall be supplied with sufficient numbers along with the system.
Light source shall have a minimum MTBF of 300 years. Calibrated accuracy shall be of +
01°C

4.11.5 Gas and Oil-Actuated Relays

4.11.5.1 Each transformer shall be fitted with gas and oil-actuated relay equipment having alarm
contacts that close on collection of gas or low oil level, and tripping contacts which close
following oil surge conditions.

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

4.11.5.3 Each relay shall be fitted with a calibrated glass window for indication of gas volume.

4.11.5.4 To allow gas to be collected at ground level, a small bore pipe shall be connected to the gas
release cock of the gas and oil-actuated relay and brought down to a point approximately
1400MM above ground level, where it shall be terminated by a cock which shall have
provision for locking to prevent unauthorised operation.

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

4.11.5.6 The pipework shall be so arranged that all gas arising from the transformer will pass into the
gas and oil-actuated relay. The oil circuit through the relay must not form a delivery path in
parallel with any circulating oil pipe, nor is it to be teed into or connected through the
pressure relief vent. Sharp bends in the pipework shall be avoided.

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

a) If the two conservators are connected to the transformer by a common oil pipe,
one relay shall be installed in the common pipe.
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b) If the two conservators are piped separately to the transformer, two relays shall
be installed, one in each pipe connection.

4.11.5.8 The clearance between oil pipework and live metal shall be not less than the minimum
clearances stated in the Project Requirements of Section 1.

412 Shipment & Drying Out

4.12.1 Shipment

4.12.1.1 Each transformer, when prepared for shipment, shall be fitted with a shock indicator or
recorder which shall remain in situ until the transformer is delivered to site. In the event that
the transformer is found to have been subjected to excessive shock in transit, such
examination as is necessary shall be made in the presence of the Engineer.

4.12.1.2 Where practicable, transformers shall be shipped with oil filling to cover core and windings
but, when shipped under pressure of gas, shall be fitted for the duration of delivery to Site
and for such time thereafter as is necessary, with a gauge and gas cylinder adequate to
maintain internal pressure above atmospheric.

4.12.1.3 All earthing transformers shall be shipped full of oil.

4.12.2 Drying Out

4.12.2.1 All transformers shall be dried out by an approved method at the Manufacturer's works and
so arranged that they might be put into service without further drying out on site.

4.12.2.2 Clear instructions shall be included in the Maintenance Instructions regarding any special
precautionary measures (e.g. strutting of tap changer barriers or tank cover) which must be
taken before the specified vacuum treatment can be carried out. Any special equipment
necessary to enable the transformer to withstand the treatment shall be provided with each
transformer

4.13 Fire Protection/Prevention System

4.13.1.1 General

4.13.1.1.1 The new power (auto) transformers shall be provided with Fast Depressurization
System (FDS). General description, design and performance requirements of the
FDS is given below. It is not intended to completely specify all details of design
and construction. Nevertheless, the system design and equipment shall conform
in all respects to high standard of engineering, design and workmanship.

4.13.1.1.2 The system design shall also conform to TAC/ NFPA norms (NFPA 850). The
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offered system shall comply with the relevant international standards. Reference
standards are listed below. Relevant international standards other than BS
standards shall be subject to approval by the Employer:

4.13.1.2 BS Standards

BS381C Colours for Identification, Coding & Special Purpose

BS 7629-1 Specification for 300/500 V fire resistant electric cables having low
emission of smoke and corrosive gases when affected by fire.

BS 8434-1 Methods of test for assessment for power integrity of electric cables

BS 5839-1 Code of practice system design, installation, commissioning and

maintenance for fire detection and fire alarm system

BS EN50267-2-1 Common Test Methods for Cables Under Fire Conditions

4.13.1.3 The fire prevention & protection system shall have been in successful operation in for at
least last three years for protection of transformers of 400/230kV and higher voltage class.
The reference list along with performance certificate from end users of the system shall be
submitted with the bid.

4.13.1.4 The system shall be reliable without making any mal operation.

4.13.1.5In case of an event of the control power failure, the system shall be able to be operated
manually. Various equipment to perform the required fire prevention & protection shall be
provided under this contract.

4.13.2 Transformer Explosion and Fire Prevention system

4.13.2.1 Transformer or reactor explosion and fire generally result from a fault inside the tank. This
may be caused by overloads, short-circuits, or failure of the associated equipment such as
On Load Tap Changer (OLTC), and Oil Cable Box (OCB) / Oil Bushing Cable Box (OBCB)
or Bushing Turrets (BT).

4.13.2.2 For an electrical arc, a huge volume of explosive gas is created during the first millisecond
for the first mega joule. This gas generation creates one dynamic pressure peak and the
transformer or reactor tank is violently shaken by accelerations. This shockwave is travelling
in the tank at a speed of the sound inside oil. The first pressure peak of the resulting
shockwave, initial amplitude greater than 10 bars. The transformer needs to be prevented
from fire and the tank from permanent deformation. The proposed Transformer Explosion
and Fire Prevention system shall be capable of doing the same.

4.13.2.3 The Contractor has to make necessary provisions for the satisfactory operation of the
nitrogen fire-prevention system without affecting the overall performance of the transformer.

4.13.2.4 Operating Principle

The Fast Depressurization System shall allow the depressurization of the transformer or
reactor after a few milliseconds from the time the electric fault has occurred. The
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Depressurization process shall include taking transformer oil out of transformer tank, take
out the dynamic pressure out of tank. In order to avoid delays that will cause a transformer
or reactor explosion, the Fast Depressurization System (FDS) shall not depend on any
sensor or electrical actuators coming from other protection. During, the depressurization the
system shall inject inert gas, like nitrogen, to avoid fire and to ensure personnel and
equipment safety.

4.13.2.5  Equipment Description

The Fast Depressurization System shall be made of several sets, each playing a different
role:

o The Depressurization Set (DS) with Rupture Disk (RD) shall prevent a Transformer or
Reactor, On Load Tap Changer (OLTC), and Qil Cable Box (OCB) / Oil Bushing Cable Box
(OBCB) or Bushing Turrets (BT) explosion following a short circuit. Each Depressurization Set
(DS) shall relieve the dynamic pressure within milliseconds and a Decompression Chamber
(DC) favors high-speed depressurization.

o The Inert Gas Injection Set (IGIS) is required for personal safety to avoid the bazooka effect
caused by the explosive gas in contact with air (oxygen) when the tank is opened after the
incident. The IGIS creates a safe environment in the Transformer or Reactor and the On Load
Tap Changer (OLTC) after the depressurization process by injecting an inert gas flow, which
also cools the tank.

o An Oil-Gas Separation Tank (OGST) shall collect the depressurized oil and explosive
flammable gas to dissociate oil from gases. It is recommended to locate the OGST in the
transformer or reactor conservator where a slice shall then be devoted for the OGST as often
done for the On Load Tap Changer (OLTC) oil conservator.This transformer conservator slice
shall have a volume of 0.5 m3 - 17.6 ft3.

o The Explosive Gas Evacuation Pipe (EGEP) shall then channel the gas to a safe and remote
area.lt is possible to separate the OGST from the transformer. In this case, the top of the
OGST must always be located 10 cm - 4 inches above the top of the conservator.

o The Inert Gas Injection shall have both automatic & manual, and including as an option the
Inert Gas Injection Quick Connector.

For the vendors with customized solution, the equipment component requirement may be
relaxed provided they must serve the same function of prevention of Explosion & Fire.

4.13.2.6  Requirement

4.13.2.6.1 To avoid Transformer or Reactor, On Load Tap Changer (OLTC), and Oil Cable Box
(OCB) / Oil Bushing Cable Box (OBCB) or Bushing Turrets (BT) explosion and fire,
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the supplier shall have specified likely locations of dielectric failure and
subsequent arcing events inside the oil-filled tank. Using a physical model capable
of describing a multi-phase compressible fluid, quantitative predictions should be
made for the gas volume generation as a function of arc energy, the resultant
pressure waves’ speed and amplitude, and the subsequent increase in static, or
average, pressure throughout the tank prior to the activation of the Fast
Depressurization System.

The physical model should accurately model the opening of the Rupture Disks
(RD), the oil-gas mixture outflow, the time-dependent transformer tank pressure
drop, and the resultant stresses and deformations on the transformer tank.

The Fast Depressurization System supplier shall provide Computerized Fluid
Dynamic (CFD) and Fluid Structure Interactions (FSI) simulations for the
transformer most probable low impedance energy fault (Mega Joule).

The Fast Depressurization System must comply with the description for all Power
Plants and Substations of the National Fire Protection Association, Code NFPA
850, 2015 edition. Therefore, the Fast Depressurization System must be “passive —
mechanical” and activated without sensors or electrical actuator.

Experience and Tests

The supplier shall prove that the Fast Depressurization System:

10 years of experience with increased sales to 1,000 units.

A Test Certificate showing a campaign of at least 20 successful live tests of
electric arcs events inside the transformer or reactor tank closed and full with oil,
from which at least 5 have been done with arcs of more than 1 Mega Joule.

This Test Certificate must be granted by a recognized and independent high
voltage laboratory from a country different than the country of manufacture of
the explosion and fire prevention system.

Evidence that the explosion and fire prevention system has prevented the
explosion of at least 2 transformers or reactors over 50MVA in 2 different
countries with 2 Certificates of Successful Activation signed by the transformer or
reactor owner.

Insurance Policy over USD 10 million dollars to cover damages in case of
transformer or reactor Explosion/Fire with the Fast Depressurization System
installed.

4.13.2.8 Automation Requirement
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4.13.2.8.1 The FDS must be integrated with the SAS to check the functional status of the
system. Necessary works to facilitate the monitoring of major component and/or
activation status shall be performed at site.

4.13.2.8.2 Site Tests

Commissioning of the system shall be performed in supervision of OEM of the transformer
Protector system. Detailed layout drawings, equipment drawing along with 4 sets of the
operation and maintenance manual along with soft copies (on CDs) shall be submitted by
the Contractor.

4.13.3 WATER SPRAY SYSTEM (WSS)

4.13.3.1 When required by schedule of requirement, the Contractor shall provide the water spray
system arrangements specified below for each of the transformer:

4.13.3.2 The water spray system shall be provided with a valve station including the necessary
control and monitoring cabinet to be capable of extension to serve in total four transformer
units.

4.13.3.3 The water spray system is to be designed for manual, automatic and electrical remote
operation and must be provided in free-standing and self-supporting design, with the
following basic equipment:

- The required number of triggering and fire extinguishing nozzles with galvanized
pipes and mountings

- The necessary galvanized connecting lines from the appropriate valve station to the
nozzle pipe network

- The necessary drainage valves, struts, diaphragm sleeve valves, single chamber
valve stations with all fittings and connections, pressure-sensitive switches for
signalling and air pressure drop, with the possibility of extension by four transformers

- The necessary tank feed pump

- Pressurizing air vessel for maintaining a reserve of fire-fighting water

4.13.3.4 The required water discharge rate shall be 10litter / m2 / min. Design wind velocity shall be
10m / sec. The required water volume shall be considered for spraying for any one unit of
the power transformers.

4.13.3.5 The pressurizing air vessel is to be designed for a minimum spraying time of 20 minutes and
is to be fully equipped with all necessary fittings and connecting pipes, pressure controllers,
low water level alarm, reducing valves and all other equipment essential for trouble-free
operation.

4.13.3.6 The pressurizing air vessel is to be installed above ground.

4.13.3.7 Two air pressure units, rated pressure 10 bar, each provided with the following main
equipment:

- 1 air compressor

- 1415/240V three-phase motor
- 1 flexible coupling

- 1 oil and water separator

- 1 non-return valve
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- 1 vent and drain valve
- 1 pressure gauge

4.13.3.8 Installed completely on a sturdy base frame with all necessary anti-vibration mounts and
fixing material.

4.13.3.9 One compressed air container, vertical type, welded with manhole, rated pressure matched
to the water spray system, including the following main fittings:

- 1 contact type pressure gauge
- 1 relief valve

- 1 pressure switch

- 1drain valve

4.13.3.10 Assembled completely and ready for operation, the volume of air being matched to the
time sequence of the transformer extinguishing operation.

4.13.3.11 The necessary control cabinet, enclosure type IP55, completely equipped with the
following main items:

- 2 motor protection switches, 415/240V, 50Hz, coil voltage 240V 50Hz / 110Vdc,
auxiliary contactors and relays for optional operation of compressors 1 and 2 with
switch controlling operation

4.13.3.12 With terminal board and cable entry glands as well as the necessary local fault and
indicator lamps and spare contacts for remote monitoring and the necessary interlock
criteria.

4.13.3.13 One complete compressed air distribution system with the necessary signalling pressure
gauges, contact pressure gauges, pressure relief valves, pressure gauge valves, drain
valves, pressure reducing valves, hand-operated shut-off valves and copper piping in the
diameters shall be provided for the compressed air distribution.

4.13.3.14 sStandby Diesel Generator (DG) set of appropriate capacity shall be provided for
emergency power supply to WSS system in case of substation auxiliary supply fail.
Calculation for determining the capacity of DG set considering the WSS power supply
requirement shall be submitted to PGCB during execution stage for review and approval.

4.13.3.16 Automation Requirement

The WSS must be integrated with the SAS to check the functional status of the
system. Necessary works to facilitate the monitoring of major component and/or
activation status shall be performed at site.

4.13.4 Water Mist system [Not Applicable]
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When required by BPS, complete Water Mist system shall be provided. For operation &
maintenance requirement, the complete system shall be of USA/Canada/Europe/Japan
origin.

4.13.4.1 General

4.13.4.1.1 A water mist system is a fire protection system which uses very fine water sprays
(i.e. water mist). The small water droplets allow the water mist to control, suppress
or extinguish fires by:

e cooling both the flame and surrounding gases by evaporation
e displacing oxygen by evaporation
e attenuating radiant heat by the small droplets themselves

4.13.4.1.2 The effectiveness of a water mist system in fire suppression depends on its spray
characteristics, which include the droplet size distribution, flux density and spray
dynamics, with respect to the fire scenario, such as the shielding of the fuel, fire
size and ventilation conditions.

4.13.4.1.3 The use of water mist fire suppression, shall have following characteristics:

e  Proven performance

e Immediate activation

o High efficiency in the suppression of a wide variety of fires
e  Minimized water damage

e No toxic problems

e Quick control and suppression of fire

o  Efficient cooling preventing the fire from spreading

e Low water usage, minimal damage and downtime

o Safe for people and Environmentally sound characteristics
e Small stainless-steel piping and water supply to spray heads
e Easy installation

e Fully scalable to cover new protection needs

4.13.4.1.4 The NFPA 750 defines three pressure regions for water mist-generating
technologies: low, intermediate and high pressure systems. Among different
types, High pressure HI-FOG technology shall be used for transformer Fire
detection & suppression agent. HP-HIF has the following benefits:

e  Better penetration into the seat of the fire

e  Superior coverage of the protected volume

e An improved cooling effect from better mixing of gases and high evaporation
rate

e Lower overall system weight
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Less water consumption

Since oil is a combustible liquid, when a transformer fault or failure occurs, the
transformer itself can provide both the ignition source, and fuel for a fire. Once
ignition occurs, the oil will sustain combustion until thoroughly consumed, unless
oxygen is depleted or significant cooling is applied to limit the fire from
propagating. The technical characterization of a flammable liquid fire is a Class B
Fire. Class B fires have hazards primarily associated to the fuel loading, fuel
configuration, flashpoint, and burning rate of the fuel.

Note that, the fine (that is smaller than 400 microns) droplets are essential for
extinguishment of Class B (flammable liquid) fires.

4.13.4.2 Applicable Standard

IEEE National Electrical Safety Code

IEEE 979
IEEE 980
NFPA 13
NFPA 15
NFPA 25

Guide for Substation Fire Protection

Guide for Containment and Control of Oil Spills in Substations
Standard for the Installation of Sprinkler Systems.

Standard for Water Spray Fixed Systems for Fire Protection

Standard for the Inspection, Testing, and Maintenance of Water-Based Fire

Protection Systems

NFPA 70
NFPA 72
NFPA 750
NFPA 850

National Electric Code
National Fire Alarm Code.
Standard on Water Mist Fire Protection Systems

Recommended Practice for Fire Protection for Electric Generating Plants and

High Voltage Direct Current Converter Stations

DIN 2391, 3861, 3865, 20078, 17457, 17458

FM

Approval Standard for Water Mist Systems Class Number 5560.

4.13.4.3 System Operation

413431

4.13.4.3.2

Upon fire detection, the fire detection and control panel shall provide a signal to
the control system for the water mist system activation. The water mist control
signal shall remain energized for 15 seconds (the system control valve is a self-
latching/self-resetting valve).

A single unit of water mist system shall protect a single transformer. For more
than one unit of transformer placed side by side, the second unit shall not be
activated until fire is caught in the second unit.
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4.13.4.3.3 The system shall discharge completely over a period of minimum 10 minutes.
However, when design requires longer time (i.e., for larger transformer) , the same
shall be provided.

4.13.4.4 Principle of Extinguishment

4.13.4.4.1 The extinguishment of fire by water mist is based on the principles of cooling and
oxygen depletion. Based on the triangle of fire, i.e., fuel, oxygen and heat, if any of
the three elements is removed, the fire should in principle extinguish itself. It is
necessary however that the cooling be not only of the fuel, thus the evaporating
combustible fumes, but that also of the radiant heat which will prevent re-ignition
from taking place.

4.13.4.4.2 Fire shall be detected at the very initial stage using fire detection system.
Immediately after detection, stored water mist shall be sprayed over the
transformer body.

4.13.4.4.3 The water mist shall be drawn into the fire by the air, where due to the high heat, it
quickly evaporates. Actually, after spraying, when the water droplets come into
contact with the fire, they extract the heat until they evaporate. As the water
droplets evaporate, there is enormous increase in the volume of the water droplets
& sub-sequently, the oxygen is displaced at the source of the fire. The large water
surface formed by the small droplets creates the conditions for an optimal
exchange of energy between the water mist and the surrounding area. Of all
known extinguishing materials, water has the highest evaporation enthalpy (2442 J
/ g). A complete void shall be created to evacuate oxygen from transformer fuel so
that fire is self-extinguished.

4.13.4.4.4 Water mist shall be sprayed at high pressure (500-4000 psi) & water mist (droplet
size 10-100um) shall be created before spraying.

4.13.4.4.5 The water droplet shall have a volumetric diameter where Dv0.99 shall be less than
100 um at the beginning of the discharge and it shall not be more than 50 um after
eight minutes of discharge.

4.13.4.4.6 Three major characteristics establish the uniqueness of every water mist system:
droplet size, flux density and spray momentum. A high pressure system offers the
advantage of a finer and more efficient water droplet combined with the high
pressure discharge which translates into higher momentum and more efficient fire
plume penetration.

4.13.4.4.7 The relativistic aspects of the drop size are also very important. Therefore for
larger fires, larger droplets (100 um) are essential while for smaller fires it is very
important to have a large fraction of smaller droplets than can easily be entrained
by small, less dynamic flamelet type or residual fires (these flamelets can be the
source of re-ignition if not completely extinguished).

4.13.4.4.8 The water mist shall effectively suppress the fire and avoid spreading of fire to
next transformer or further area of substation even under turbulent air flow that
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typically occur during typical transformer fire.

4.13.4.5 System design

1) Fire detection system

Ensuring high sensitivity to fire, the system shall use different types of detectors such
as smoke

detectors, linear heat detectors, flame detectors and air sampling devices.

a) Smoke detector

Smoke detector shall be provided to detect even the minutest particle of smoke, they
instantly raise the alarm in the event of a fire by alerting the control panel.

b) Heat detector

In a fire situation, the increase in temperature triggers heat detectors in seconds. Heat
detectors are of two kinds, rate-of-rise and fixed temperature detectors.

c) Linear Heat Detector

A line-type form of fixed temperature heat detection. Fiber optic type heat detector
shall be used for effective heat detection.

d) Air Sampling Device

Suitable sampling device shall be provided or fine operation of the detection system.

These detection devices shall communicate with the control panel, sending a signal
that activates the system the very second a fire is detected.

2) Fire suppression

Water Mist Extinquishing Agent

This mist is thrown at the transformer fire with a great kinetic force, covering a large
surface area. As soon as the mist comes in contact with the fire, it instantly turns into
steam. Enveloping the flames, cutting down the oxygen supply and reducing the
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temperature to below combustion levels. Ensuring that even the largest transformer
fire succumbs to Water mist technology in minutes

The system shall be fitted with water reservoirs designed for high pressure operation
(up to 4000 psi). The maximum volume of water, for every 10 minutes of protection
required.

The system shall use water which meets the manufactures requirements. As a
minimum the water shall meet the following requirements:

Equivalent of a potable water supply

Colorless and odorless

Non corrosive

Chloride concentration < 50ppm (=50mg/I)

pH value 7.0 - 9.0

Iron (Fe) and Manganese (mN); sum < 0.3mg/l
No free chlorine

Nozzle

Nozzle/Spray Heads shall be listed or tested for the intended application, or Approved
by the Authority Having Jurisdiction (AHJ). Each spray head shall be fitted with a
screen to prevent particles from interfering with the normal operation of the spray
head. The water mist spray heads shall produce a droplet size in the range of 100 um
at the maximum operating pressure of i.e., spray head pressure and a droplet size of
approximately 50 ym at the nominal operating pressure of 40 bar/manufacturers’
designed value.

Pipes & Fitting

Galvanized pipe shall not be used for any part of the water mist system. Metric
Stainless Steel Tubing shall be used for all system piping. Use only metric size tubing
meeting European DIN standards, in order to permit connection to European
manufactured water mist system fittings including distribution blocks, sectional control
valves, ball valves, and nozzle mounting adapters. Maximum hardness of stainless
steel tubing shall be HRB 90.

Pipe and Tubing Supports

Pipe supports for welded stainless steel piping shall conform to the hanging
requirements of NFPA 13 and ASME B31.1. Construct stanchions, straddle supports,
and trapeze supports based on hanger spacing, span and minimum load capacities in
NFPA 13.
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Supports for stainless steel tubing shall comply with ASME B31.1 and the
manufacturer’'s recommendations with respect to spacing. Where obstructions make it
impossible to comply with spacing limits for tube supports, the distance between
supports may be increased by 75 percent, provided that there are no fittings or
changes in direction between the two supports.

Tube clamps shall be non-combustible Ermeto Original series A components for
normal mechanical stress, or equivalent. Utilize compatible mounting rail attachments
with lock nut and locking plate where necessary.

VALVES

Valve type and size shall be in accordance with the design drawings. Drain valves are
located at the base of each system riser and at the extreme end of each water mist
piping system. The discharge control valve shall be designed to fit directly to the outlet
port of the nitrogen cylinder hand wheel valve (an adaptor may be required or used)
and it shall be of the latching/self-resetting type.

STRAINERS AND FILTERS

Comply with the requirements in NFPA 750 for filters and strainers on the water
supply connection.

Alarm

The water mist system installer shall provide and install all monitoring, supervisory
and alarm devices that attach to the MAU, control valves, or water mist piping system.
The contractor responsible for work shall connect the devices to the fire alarm system.

3) Control Panel

At the very heart of the system is a control panel. On being alerted by the detectors,
this state-of-the-art control panel instantly sends a signal to activate the system and
release the extinguishing agent.

4) Water management

Pump driven system

The Pump Driven System shall be provided, Cylinder systems is not acceptable.
Water, the principal component of this extinguishing agent is stored in a reservoir/tank
that is connected to a pump. high-pressure water mist pump system has a modular
design and consists of one or more robust triplex plunger pumps, a break tank and a
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control cabinet. If necessary, the system is supplemented by a jockey pump and
compressor.

On receiving a signal from the control panel a high-powered pump propels water from
the water reservoir/tank quickly and efficiently to the pipes and nozzles. This system
generates high volumes of Water mist, ensuring higher firefighting effectiveness
without using much water.

Storage

Water may be stored underground or over-ground as per standard design &
Engineers approval.

High pressure water tank inside surface shall be plastic coated. The capacity shall be
designed & suitable for complete fire suppression of transformer fire. When required
by the design higher capacity shall be provided.

The discharge manifold shall be fitted with a pressure switch rated for 50 bar
(750psi)/manufacturers’ designed value to close upon system discharge and
pressurization.

The water cylinders shall be maintained under normal atmospheric pressure until such
time as the system is activated and the nitrogen is released.

The sprayed water mist shall be stored beneath the transformer and accumulator
tank/area shall be provided so that after spraying water will be collected here. From
the accumulator, the water shall be drained out to the substation drainage system.

Drawings and Manuals

All Design drawings shall be submitted for Employers approval during detail design
stage. Typical design-drawings are as follows;

e System Layout

e Component specification

e Bill of Material (BoM)

e Control Panel Drawings

e Calculation for storage tank & pump capacity, pressure selection
e Pipe-fittings selection

e Control logic/electrical schematic diagram etc.
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Moreover, Shop drawings shall be submitted and shall include but not limited to:
space layout, piping layout and nozzle location.

The system layout, specification of the system & Bill of Material (BoM) shall be
provided with the bid.

Operation and Maintenance Manual

1. Submit written instructions on how to operate and maintain the system

2. Provide a Matrix of Scheduled Maintenance Actions for inspection and
maintenance requirements in conformance with NFPA 750, NFPA 25, and the
Manufacturer’'s recommendations. ldentify actions for weekly, monthly, semi-annual
and/or annual intervals.

A CD containing the design drawing & instruction manual shall be provided.

Qualifications

1) Manufacturer shall have the following background:

e Specialist in manufacturing water mist nozzles and high-pressure
pumping equipment and valves for water mist fire protection systems.

e Demonstrated evidence of fire tests of their equipment conducted to FM
Approval Standard 5560 fire test or other international protocols for
applicable fire hazards.

e Full-scale test shall be available to show that the system provides
effective suppression of transformer fire.

2) Sub-vendor

The company carrying out the installation must be experienced in the installation of
high-pressure water mist systems and be authorised by the manufacturer of the
offered system. Corresponding certificates of training in theory and practice, as well
as proof of successfully performed reference projects which are comparable to the
offered application are required.

Moreover, membership of professional associations such as the IWMA (International
Water Mist Association) and FIA (Fire Industry Association UK) is required.

The installation company and any significant subcontractors and supplier must be
certified for all of the offered scopes of services according to 1ISO 9001. Insofar as
design and/or installation work is carried out by subcontractors, references relating to
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comparable risks with high-pressure water mist systems are to be requested from the
subcontractor.

Moreover, the quality of the project design/installation documents and drawings, as
well as hydraulic calculations, shall be verified.

Automation

The HFWM must be integrated with the SAS to check the functional status of the system.
Necessary works to facilitate the monitoring of major component and activation status to the
SAS shall be performed at site.

INSPECTION AND TESTING

System acceptance tests shall comply with NFPA 750, NFPA 25, manufacturer’s acceptance
test recommendations and the requirements of this section.

The test procedures may include the following (as applicable):

. Visual quality check of installation of nozzles, pipes, tubing and hangers,
. Pneumatic and Hydrostatic Tests,

. Review of Mechanical Components,

. Review of Electrical Components,

. Preliminary Functional Tests, and

. System Operational (Discharge) Tests.

OOk, WDNPR

TUBING and SUPPORTS

Visual Inspection

1. Hanger details including support fastening to walls, ceilings, ceiling structure, tube
clamp spacing and nozzle supports shall be inspected for conformance to
recommended practice and the details of this specification.

2. Repair or replace all hangers and tube supports that do not meet the requirements of
this specification.

Hydrostatic Testing

1. Test all piping and tubing hydrostatically in accordance with the requirements of NFPA
750.

2. Vent air from the system piping and tubing as it is filling with water.

3. Repair all leaks revealed through the hydrostatic test and retest until the test pressure
remains stable for the duration of the test.

SYSTEM COMMISSIONING

Tender Document: Design, Supply, Erection, Testing & Commissioning of capacity enhancement and Capacitor Bank
installation with associated switchgear in existing grid substation. (Package-2, Lot-2)




257

A representative of the manufacturer or trained authorized Distributor shall be present for the
commissioning of the system. The commissioning of the system shall be coordinated with
the contractor responsible for the work and the AHJ.

Commissioning shall be performed in accordance with a written procedure which has been
reviewed and approved by the system manufacturer.

4.13.5 Compressed Air Foam System (CAFS)

When required by the schedule of requirement, the Contractor shall provide the
CAFS (Compressed Air Foam System) arrangements specified below:

The Compressed Air Foam System design shall also conform to NFPA 11.

The compressed air foam system shall be provided with selection valve station
including the necessary control and monitoring cabinet to be capable of extension to
serve in total of transformer units in each substation.

The compressed air foam system is to be designed for manual, automatic and
electrical remote operation and must be provided in the package type and equipped
inside house (with temperature control system to protect itself from the external
environment), with the following basic equipment:

Water tank and Foam concentrate tank shall be installed and pre-mixed foam system
is not accepted. Fire water and Foam concentrate is stored separately, and water
driven type foam proportioning unit shall be installed.

CAFS Package includes:

* PLC based CAFS Control Panel

* Foam Proportioning unit : water turbine drives a positive displacement foam
concentrate pump. Ratio 3%

* CAF Mixing Chamber Unit : Foam Solution to Air Ratio = 1:7

e Compressed Air Cylinder Unit : Compressed air cylinders pressurized to 200 bar.
Each cylinder is supplied with a cylinder valve equipped with a safety relief disc
which provides relief at 300 bar.

* And cylinder valve should be closed normally. The method of open the cylinder
valve should be electromagnetic two actuators (main and stand-by), not CO2/N2
actuating unit. (for reliable, open operation)

* Air pressure regulators are used to reduce the air pressure to a working pressure
for the CAF system operation. The cylinders unit is factory assembled on a
painted steel skid and includes regulator box with stainless steel for safety
protection.

* Water Storage Tank : Water storage tank stored inside a normally non-
pressurized stainless steel pressure vessel type tank stamped according to
ASME Section VIII Div. 1.

e Storage tank maximum working pressure is 10 bar. The tank is supplied with a
safety relief valve for protection against over-pressurization and also with a two-
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points level switch. (1st point : Low-level alarm when water less than required,
2nd point : A spraying CAF is stopped automatically when running out of water)

* Foam Concentrate Storage Tank : Stainless steel atmospheric pressure tank

* No Pre-mixed type : Foam solution should be made with Foam Proportioning
unit.

* Internal stainless steel pipe & valves, instruments shall be double-structured.

* CAFS control panel : for manual, automatic and electrical remote operation.

* The UPS shall be built in CAFS control panel.

<Other components>

The required number of CAF nozzles

The required number of selection valves

The required amount of foam concentrate (AFFF 3%)

The required CAF discharge rate shall be 1.63 I[pm / m2 (foam solution). The required
CAF volume shall be considered for spraying for any one unit of the power
transformers.

The compressed air foam system is to be designed for a minimum spraying time of
10 minutes and is to be fully equipped with all equipment essential for trouble-free
operation.

In the event of a fire by external causes such as bushing fire, OLTC fires, fire from
surrounding equipment etc., it shall act as a fast and effectively.

For quality and maintenance requirements, the Compressed Air Foam Systems
(CAFS) shall be from Europe/USA/Canada/Korea/Japan origin. And the supplier of
CAFS must have a delivery record (including installation) of CAFS for more than ten
(10) power transformers (over 50MVA each) within the last three (3) years.

The CAFS must be integrated with the SAS to check the functional status of the
system. Necessary works to facilitate the monitoring of major component and/or

Water Tank m
G m PLC based CAFS
ompresse Control Panel

Air Cylinder

Foam Proportioning unit
7 N
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X5 CAF Mixing Chamber unit
Foam Tank

Outdoor container house with temperature
control system

CAF (Compressed Air Foam)
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activation status shall be performed at the site.

4.13.6 Fire Wall

A fire wall of suitable height shall be installed on both sides the transformers to prevent
transformers from the spread fire. The wall shall be made of reinforced concrete.

4,14 Transformer Oil

The transformer oil shall be new, inhibited, naphthenic based mineral oil, free from additives.
It shall be acid-refined and pre-treated and shall have properties complying with IEC 60296-
class Il. The Contractor shall supply the first filling of all insulating oil required for the
operation of the Plant and, after treatment, a test shall be made in the Engineer's presence
to prove that the breakdown voltage is at least 50kV at 2.5mm electrode gap. For further
detail, please refer schedule of requirement.

4.15 Auto-Transformers

4.15.1 General

4.15.1.1 Auto-transformers for interconnection between the 400kV & 132kV and 230kV and 132kV
system shall comply with the general requirements of the Specification and the particular
requirements of this Section.

4.15.1.2 The auto-transformers will be star connected and the system will be solidly earthed at each
auto transformer neutral.

4.15.1.3 A delta connected stabilising winding shall be provided.

4.15.2 Continuous Maximum Rating

The auto-transformers shall have the continuous maximum rating stated in the Schedule of
Requirements (Technical data schedule) and be provided with a delta connected tertiary
winding capable of supplying the load stated in the Schedule of Requirements. No
compensation shall be made to the rating of the series or common windings of the auto-
transformer for any limitation in output consequent on the tertiary load but Schedule E shall
be completed showing any restriction in in 132 kV output, for conditions of input from the 400
kV system or 132 kV output, for conditions of input from the 230 kV system, with the tertiary
power factors of their respective loads down to 0.8 lagging.

4.15.3 Impedance
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4.15.3.1 Auto-transformers shall have an impedance between HV and LV/MV windings as stated in
the Schedule of Requirement & Appendix thereto. The impedance on other tappings and
between other windings ( HV-TV/ LV-TV etc.) shall be stated in the Schedule E of
Particulars and Guarantees.

4.15.3.2 It is preferred that the equivalent zero sequence impedance of the auto-transformer, when
viewed from the HV terminals and feeding a fault at the MV terminals, is not less than the
positive sequence impedance between HV and MV terminals at normal ratio and normal
rating. The value shall be stated in the Schedule of Particulars and Guarantees on the basis
of system short circuit levels stated in the Schedule of Requirements.

4.15.4 Winding Terminations

Terminations of stabilising windings and neutral ends of windings shall be as follows:

i) Neutral ends of the three phase windings shall be connected at a point accessible from
a hand hole in the cover and brought out via one bushing insulator.

i) Stabilising winding terminations shall be brought out via oil/air bushings for
connections in delta formation by means of busbar arrangement mounted on firewalls
between transformers.

4.15.5 Tap Changing

Tap-changers are required between the HV and MV transformer windings. Tap-changers
shall comply with Clauses described here in.

416 Earthing/Auxiliary Transformers

4.16.1 General

4.16.1.1 Earthing transformers shall comply with IEC 60289 and shall be of the oil immersed ONAN
type suitable for outdoor installation. They are to have a main interconnected star winding
brought out via oil/air terminal bushings, which will be connected to 33kV Bus.

4.16.1.2 The neutral point of the interconnected star winding shall be brought out of the tank through
a bushing insulator. This point is to be connected to earth directly in order to provide an
earthing point for the neutral of the system.

4.16.1.3 The earthing transformers shall have a secondary winding to supply the substation auxiliary
load. The voltage ratio shall be 33/0.415kV. The star-connected secondary windings shall
be arranged to give a three-phase, four wire supply with the star point solidly earthed. The
secondary winding shall have a continuous rating as stated in the Schedule of
Requirements and shall conform to IEC 60076.
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4.16.2 Electrical and Short Circuit Characteristics

4.16.2.1 Earthing transformers will normally have their neutral points connected to earth via a
resistance which limits earth fault current to the full load current at the associated power
transformer. However, when required by schedule of requirement, provision shall be made
for solidly earthing the neutral points and, under this condition, the earthing transformers
shall be capable of withstanding, both thermally and mechanically without damage, for a
period of 1 seconds the application of normal three phase line voltage to the terminals of the
interconnected star winding with one line terminal earthed. The current density of the
winding under this condition shall not exceed 70A/mm?2.

4.16.2.2 In addition, the interconnected star winding of each earthing transformer, when at its
maximum temperature due to continuous full load on the auxiliary winding, shall be
designed to carry for 3 seconds without injurious heating an earth fault current in the neutral
connection as specified. The current density under such conditions shall not exceed
40A/mm2.

4.16.3 Tanks and Fittings

Earthing transformers shall be provided with the following fittings:
(A) Conservator vessel with removable end cover and prismatic oil gauge.
(B) Buchholz relay.
(C) One thermometer pocket with captive screw cap.
(D) Silica gel breather of the oil seal type with a minimum capacity of 1 kg.
(E) Pressure relief device.
(F) Filter valve and combined filter and drain valves.
(G) Oil sampling device.
(H) Rating plate.
(1) Tank earth terminals.

(J) Lifting lugs.

4.16.4 Secondary Windings

4.16.4.1 The three-phase, four-wire secondary windings shall be terminated at a three-pole MCCB
unit with bolted neutral link and gland entry for a four-core solid dielectric cable. This shall
be accommodated in a lockable, fully weather proof compartment together with a neutral
earthing link. The purpose of the neutral earthing link is to connect the 400V system neutral
to earth. It shall be connected between the transformer winding end and a suitably located
earthing terminal to which the system earth can be connected.
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4.16.4.2 The windings shall be fitted with off-load tap changer to vary the voltage +5 percent of the

nominal open circuit value in 2.5 percent steps.

4.16.5 Terminal Connections

The 33 kV side of the earthing transformers shall be fitted with oil/air terminal bushings. The
earth point connection to the neutral earthing resistor shall be via a 33 kV conductor.

4.17 Transformer Online Dissolved Gas Analyser (DGA)

4.17.1 Online Dissolved Gas (Multi-gas) and Moisture Analyser

a)

b)

c)

d)

e)

Online Dissolved Gas (Multi-gas) and Moisture Analyzer (if specified in BPS) along with all
required accessories shall be provided with each transformer for measurement & analysis of
dissolved gases and moisture in the oil Interpretations shall be as per IEC 60599-1999.

The equipment shall detect, measure and analyze the following gases:

SL | Gases & Moisture | Typical Detection Range
Parameters
1 H2 5 —3,000 ppm
2 | CH4 5 —5,000 ppm
3 | C2H6 5 —5,000 ppm
4 C2H4 3 —5,000 ppm
5 | C2H2 1 — 3,000 ppm
6 | CO 10 — 10,000 ppm
7 | CO2 20 — 30,000 ppm
8 |02 500 — 25,000 ppm
9 H20 2 — 100 % RS should have facility for
measurement of moisture in oil in ppm

The analyzer should measure (not calculate) all above gases and should havel00% sensitivity.
The equipment shall be IEC 61850 compliant to integrate with SCADA system. The results shall
be communicated to control room or remote location (through SCADA) and shall be compared
with the standard preset results to indicate the possible severe damage/failure.

Equipment shall have facility to give SMS alert to at least three users whenever any fault gas
violates the predefined limit.

Equipment should work on station auxiliary supply. In case other supply is required for the
equipment then suitable converter shall be included. All the necessary power and control cables,
communication cables, cable accessories as required shall be provided by the supplier.
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Online DGA shall be installed out door on transformer in harsh ambient and noisy condition
(Electromagnetic induction, Corona, and capacitive coupling). The equipment shall be suitable for
proper operation in EHV substation (800kV) environment where switching takes place in the
EHV/HV System. The suitable indications for power On, Alarm, Caution, normal operation etc.
shall be provided on the front panel of the equipment. The equipment shall have IP55 Stainless
Steel enclosure, suitable for 550C ambient temperature and EMI and EMC compatibility. The
Equipment must carry a minimum of two (2) years manufacturer’s Warranty.

The equipment shall connect to the transformer's main body in two locations. One

connection is for the supply of oil from the transformer. Second connection is for the return of the
oil to the transformer. The connecting oil lines must be of Stainless Steel rigid pipes or flexible
hoses.

The equipment shall be able to measure gas concentration and when downloaded should
immediately compare it with user selected alarm & caution level for immediate display. The
sampling rate shall be selectable as 2 or 4 or 6 or 12 hours, etc. The equipment shall have inbuilt
memory to store these results for complete one year even if sampling is done at the lowest
interval.

The Equipment must have an automatic Calibration facility at fixed intervals. For calibration if
anything required including cylinder must be mounted with the equipment.

The technical feature of the equipment shall be as under:
Accuracy + 10%
Repeatability +3% to 10% depending upon gases
Oil temperature range - 20° C to + 120° C
External Temp. Range - 20° C to + 55° C
Humidity range 10 to 95 %
Operating Voltage 230 Vac; 50 Hz (+20% variation)
Communications USB & IEC 61850 compliant

Software for fault indication and fault diagnostics shall include following:
Fault indication:
i) IEEE, IEC or user configurable levels of dissolved gases
i) Rate of change trending
Fault Diagnosis:
i) Key gases
i) Ratios (Rogers, IEC. etc.)

iif) Duval’'s Triangle

The equipment shall be supplied with all necessary accessories required for carryingout DGA of
oil sample complete in all respect as per the technical specification. Thefollowing shall be also
form a part of supply.
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i) Software
ii) Operation Manual (2 set for every unit),
iii) Software Manual and

iv) Compact disc giving operation procedures of Maintenance Manual &
Troubleshootinginstructions.

v) Basic 8 Gas Monitor with Monitor Mounting Kit

vi) Calibration Cylinder

vii) Bleed Fixture & Junction Box with 3.5ft. Cables

viii) Carrier gas tank regulator, dryer and supply lines

ix) Load Guide & Ambient Temperature Sensors

X) Manual DGA sample port assembly

xi) Oil supply and return assembly

xii) Associated Software

xiii) Carrier Gas Cylinder with 99.999% purity with gas regulator and
pressure guages

Xiv) Suitable SS Tubing of required dia and length for oil & gas
Xv) Moisture Probe for monitoring Moisture

xvi) Any other accessories required for with the supplied item other than what is
specified.

Fiber Optic Based Temperature Sensing System

Fiber optic based direct temperature sensing shall be provided for power
transformer winding. The purpose is to provide for faster and more appropriate
response to sudden load increases. Hot spot temperature shall also be measured
with the help of fiber optic sensors. Instead of one point of measurement, multiple
point of measurement shall be used for more accurate result. The probe shall be
distributed evenly & suitably to have comprehensive results. Probes shall be such
designed and inserted so that winding insulation is not compromised. Typically, 2
probes will be mounted at the hot spot location in each phase. The Fiber Optic
Based Temperature Sensing System will be incorporated mainly for the voltage
levels of 132kV & above.

4.18.2 The winding sensors are typically located at:

* Near top of upper primary oil duct, X-winding -- 2/ph

* Near bottom of lower primary oil duct, Y-winding--- 2/ph

* Near bottom of lower primary oil duct, Z-winding--- 2/ph when applicable

* One (Total 3 for 3-legged coreftotal 5 for 5-legged core design) more on each
core legs

4.18.3 Sensors located other than specified locations which are well adopted in the
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industry shall be deemed to be finalized during detail design prior to Employers
approval.

Design having one probe in the lateral phases (A/C) is acceptable subject to
justification that, such design is reliable and does not affect the performance
considering the sensors life-time.

Design of Fiber optic probe must be robust. Ideally, long-life probes should have the
following characteristics:

* The sensing technology must be absolutely stable with time, immersed in
harsh chemical environments, and at elevated temperatures

* The probes must be designed so they can mechanically survive steady
vibrations and frequent thermal cycles inside the power transformer.

* The technology that converts the light signal into temperature information
must be insensitive to light intensity variations. This is required to avoid
problematic compensation for any aging effects in the optical fiber link and
any interconnections

* Fiber connectors must be leak-proof, reliable and maintenance-free. Qil in
optical path should not interfere with signal.

Although it may seem more accurate to mount fiber optic probes directly on the
conductors, however, it can also be mounted in radial spacers. Also, it appears that
the temperature under the spacer is higher by 1 or 2°C than the surrounding
conductor. Hence, the manufacturer must take approval from the employer during
design approval about the place of mounting of fiber optic probes.

The HMI for temperature monitoring shall be of modular type and shall be mounted
in the RTCC panel of transformer with IP54. However, transformer body mounted
module is also acceptable with higher IP ( i.e. IP66) & EMC rating. Operating
temperature shall be -200C to +550C. All accessories like Fiber optic cables,
couplers, RS-485 port etc. shall be provided. Approved communication protocols
are |IEC 61850, shall be used in the system. Serial or TCP/IP communication shall
also be available. SCADA integration option shall be made available. Any software
(if required) shall be furnished. Spare items like light source, probes etc. vulnerable
parts shall be supplied with sufficient numbers along with the system. Light source
shall have a minimum MTBF of 300 years. Calibrated accuracy shall be of + 01°C

Inspection and Testing

Tests shall be carried out in order to determine whether the material and equipment
complies with the required properties. All tests on materials and equipment shall be made in
accordance with IEC standards 60076. Testing shall not impair the properties and reliability
of a test object or reduce its lifetime. Test shall be performed at all power transformers.

4.19.1

Factory Acceptance Tests

Factory acceptance tests shall be carried out at the Manufacturer's laboratory, following a
mutually agreed programme, in presence of Employer's authorized Engineer.
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4.19.1.1 Type Tests

The following type tests shall be conducted on the first power transformer in a single FAT
schedule:

e Temperature rise test.
The test shall be in accordance with IEC 60076-2, and shall be carried out on one
transformer of each size and type. The temperature rise test must be carried out in a
manner that the highest losses are generated (tap changer in the highest loss position)
and the reserve cooling unit is not in operation

e Sound level measurement test
A noise level test to IEC 60076 shall be carried out on one transformer of each type
specified under items 1 and 2 in accordance with IEC 60551

Routine Tests

Routine tests will be performed to detect defects in material or construction. They shall not
impair the properties and reliability of any part being tested or reduce its lifetime. The
following routine tests shall be performed:

¢ Visual inspection and dimension verification

o Power transformer tank oil leakage test

e Corrosion protection check

o Autotransformer tank vibration test

e Jacking pad test - checking of tank by lifting of power transformer

e Welding check after jacking pad test

¢ Qil dielectric strength

e Winding resistance measurement

o Transformation ratio measurements and winding connection verification

o Measurement of winding insulation resistance (before and after dielectric tests)

e Core insulation measurement (before and after dielectric tests)

e Switching impulse withstand voltage (SI)

¢ Impulse voltage test; primary voltage, secondary voltage, tertiary, including neutral point (LI)

e Impulse chopped voltage (LIC)

¢ Power frequency withstand voltage test, 50 Hz , 1 min (winding, core and secondary equipment)

¢ Short-duration induced AC withstand voltage test (ACSD) with monitoring of partial discharges.

e Long-duration induced AC withstand voltage test (ACLD) with measurement of partial discharges.

¢ Measurement of no load losses and no-load current at rated frequency before and after impulse
test.

e Dissolved gas-in-oil analysis by chromatography prior to dielectric tests, after completion of
dielectric tests and prior and after the temperature rise tests.

e Tap changer test for no load and short circuit conditions.

¢ Functional tests of protection devices and related equipment.

4.19.1.2 Special Tests

Within the factory acceptance test, the following special tests shall be performed:

¢ Measurement of zero-sequence impedance.
e Measurement of no-load current harmonics.
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e Measurement of magnetizing current.

e Measurement of power consumption for cooling system.

e Measurement of capacitance (C), factor of dielectric losses (tgd), (before and after dielectric
testing).

e Measurement of the mutual inductance of the winding.

o Sweep frequency response analysis (SFRA).

o Measurement of transferred overvoltages.

Note: The transformer's capability to withstand thermal and dynamic effects of short circuit
without any damage should be presented by design analysis and calculation.

4.19.2 Detailed Testing Requirements

4.19.2.1 All applicable standard and special test requirements shall apply to each transformer,
whether manufactured separately or at the same time as other identical units. Data from
identical or similar transformers is not acceptable.

4.19.2.2 Transformers shall be fully assembled including all auxiliary devices, surge arresters, DGA
monitoring equipment, conduits and the wiring of the control cabinet, (the transformer shall
be completely assembled and ready for energization) before testing.

4.19.2.3 All test results, measurements, and calculated values shall be recorded on the supplier’s
certified test report.

4.19.2.4 The Employer shall have the option of witnessing all tests. The Seller shall advise the
Employer at least two weeks in advance of test dates so travel arrangements may be made.

4.19.2.5In the event of a test failure, no corrective action shall be taken until authorized by the
Employer.

4.19.2.6 In no case shall a transformer be shipped without clearance from the Employer if test values
do not meet the requirements of this specification or other requirements stated in the
purchase order.

4.19.2.7 If a Z-winding is specified, whether the terminals are specified to be brought out or buried,
the Z-winding voltage and capacity ratings shall be shown on the test report.

4.19.2.8 The following tests shall be performed on each unit in accordance with IEC Standards
60076-1

1) Transformer winding resistance measurements of all windings at all winding tap positions shall be
taken for each phase of each winding and included in the test report.

2) Transformer turns ratio tests shall be performed at all tap positions listed in IEC Standard 60076-
1. The applied voltage, the calculated ratios for each tap position and the measured ratios for
each phase of each connection shall all be included in the test report.

3) Polarity and phase relation tests shall be performed, and the phasor diagram shall be included in
the test report.

4) Excitation (no-load) loss tests shall be performed at the rated voltage tap by the "Three Wattmeter
Method" as in IEEE C57.12.90-2015 or as per IEC 60076-1.
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» No-load losses shall be recorded prior to dielectric testing and then again after dielectric
testing has been completed. Both test readings shall be included in the test report.
Temperature corrections shall be reported as per IEC standards 60076-2.

» No-Load Loss measurements shall be taken at rated voltage of the tap position which results
in maximum excitation of all cores. (At an LTC position that results in the series transformer
and/or preventive autotransformer being excited at 100% rated voltage. i.e. at 16R when only
a series transformer is provided, at 15R when both series and PA transformers are provided,
or 1R when only a PA is provided.)

» Excitation current measurements shall be taken at 100% and 110% of the rated voltage.

» Current readings for each phase at both voltage levels shall be included in the test report.
These current values shall be recorded prior to dielectric testing and then again after dielectric
testing has been completed.

» A one-hour core excitation test shall be performed after the completion of all dielectric tests at
rated frequency and 110% of the rated voltage. All cores shall be excited to 110%. Therefore,
the test shall be performed at an LTC position that results in series transformer and/or
preventive autotransformer being excited at 110% rated voltage.

» The one-hour core excitation test shall be followed by the No-load loss test after dielectric.

5) Cooling system loss measurements shall be taken at all stages and shall be included in the test
report.

6) Impedance and load loss measurements shall be taken using the three-watt meter method (IEEE
C57.12.90) at all tap positions listed in IEC 60076-1.

All measurements shall be performed at the base nameplate and maximum 65°C rating
for that tap position and recorded in the test report.

Impedance and Load Loss data shall be included in the test report for the following tap
positions:

* HV at Tap “1” or “A” — LV at Neutral
« HV at Tap “2” or “B” — LV at Neutral
* HV at Tap “3” or “C” — LV at Neutral
* HV at Tap “3” or “C” — LV at 9a (If LTC provided)
* HV at Tap “3” or “C” — LV at 9c (If LTC provided)
« HV at Tap “4” or “D” — LV at Neutral
* HV at Tap “5” or “E” — LV at Neutral
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The transformer's actual impedances for each OLTC tap shall not differ from the quoted
impedances by more than IEC tolerances.

7) Zero Sequence impedance measurements shall be taken and shall be included int he test report.

For Wye-Wye transformers, zero sequence impedance measurements shall be taken in
accordance with IEC60076-1. A “T” network diagram shall be included in the test report and shall
include complex values for Z1, Z2, and Z3. Complex values shall be shown as %R and %jX at
base MVA.

8) Temperature tests shall be conducted on one set of 132/33kV, 80/120 MVA (ONAN/ONAF), three
phase outdoor type power transformer.

» Each transformer shall be tested in accordance with this spec. Test data from a “thermal
duplicate transformer” is unacceptable
» Tests shall be performed at the HV and LV tap positions that produce the highest losses.

» A standard liquid temperature rise test shall be performed per IEC 60076-2 at the current
required to produce total losses. The test report shall include the top oil temperature and the
bottom oil temperature rise above ambient temperature. The test report shall also include the
ambient temperature during the test.

» A standard temperature rise test shall be performed per IEC 60076-2, using constant rated
current. The average winding temperature rise shall be reported for both ONAN rating as well
as top nameplate rating (ONAF/ODAF), and shall not exceed 65°C by resistance
measurement and 80°C for hot spot winding temperature. The test report shall include the
calculated hottest spot temperature for maximum rating. The test report shall also include the
ambient temperature during the test.

» During factory testing, the radiators that will be supplied with the transformer shall be
completely assembled and installed and used for cooling during tests.

» Calibration information for the winding temperature devices shall also be included in the test
report. The test report shall include the set-points of the devices used to initiate auxiliary
cooling equipment.

» Thermovision (infrared) photographs shall be taken during the heat run, and shall be included
in the test report.

9) Sound level tests shall be conducted on one set of 132/33kV, 80/120 MVA (ONAN/ONAF), three
phase outdoor type power transformer and shall be in accordance with NEMA Publication TR1
and |IEC Std 60076-10.

» Guaranteed sound levels shall be at 100% rated voltage, at rated HV tap and at the LV tap
position that produces the highest noise level.
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Transformers with reactance LTC’s shall have their sound level measured at an LTC position
that results in the Preventive Autotransformer being excited.

Where a “Booster” or “Series” transformer is provided, the sound level shall be measured at
an LTC position that results in the “Booster” or “Series” transformers being fully excited (LTC
position at an extreme).

Test data from a duplicate unit is unacceptable.

All values recorded for the sound level shall be included in the test report.
The test report shall include the type of meter used, and a diagram of the test point locations.

10) Switching Impulse testing.

YV VYV VYV

Switching surge tests shall be performed on each transformer with windings rated 110 kV or
higher.

Switching surge tests shall be applied to each high voltage terminal in accordance with IEC
Standard 60076-3

Transformers with multiple voltage connections (series-parallel) shall be impulse tested in the
parallel configuration.

DETC/OLTC shall be set at the minimum voltage tap position.

The switching surge voltage transient shall be a relatively smooth uni-directional wave of
negative polarity.

The test report shall include test wave characteristics and copies of oscillographs captured
during the testing of each phase.

Oscillographs shall include timescales and data showing Time to Peak, Time Above 90%, and
Time to Zero.

11) Lightning Impulse testing.

Lightning impulse tests shall be performed on each transformer.
Impulse tests shall be performed on each and every line terminal individually.
Impulse tests on all line terminals and neutral terminals (X0 and HO where provided) shall be

performed in accordance with IEC Standards 60076-1&3

Windings with multiple voltage connections (series-parallel) shall be impulse tested in both
series and parallel configuration, regardless of voltage class.

Windings with connections for either Delta or Wye configuration shall be impulse tested in
both Delta and Wye configuration.

For HV winding impulse tests, the DETC shall be set at the minimum voltage tap position.
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For LV winding impulse tests, the LTC (where provided) shall be set at the minimum voltage
tap position.

Tests shall include reduced full-wave 50%, chopped wave, and full-wave tests. The test report
shall include wave characteristics and copies of oscillogram films taken during each test. The
test report shall also include a copy of the wave comparisons or overlays for the reduced full

wave and full wave traces for each terminal tested.

12) Low-frequency dielectric tests

>
>

Applied potential test shall be performed in accordance with IEC 60076
Induced potential testing accompanied by partial discharge (corona) monitoring shall
beperformed in accordance with 60076 , with the following additional criteria:
a. The de-energized tap-changer shall be set on the full winding tap for these tests and
actual readings taken shall be included in the test report.
b. The Test Report shall show the RIV and PD results as well as the actual test
voltages.

13) Doble single phase excitation test.

Y

YV VVVVYVY

Excitation current measurements of the high-voltage windings at their full winding tap shall be
taken for each phase. Tests shall be performed for LTC transformer as follows:

HV at full winding tap, LV at neutral.

HV at full winding tap, LV at maximum raise position.

HV at full winding tap, LV at maximum lower position.

HV at full winding tap, LV at 9a or 9c position (reactance type LTCs only).

The high- voltage side shall be excited to a potential (approximately ten kilovolts) which will
produce an exciting current that is not to exceed 200 milli amperes.

The test report shall include the excitation current value for each phase.

14) Insulation power factor and capacitance tests shall be performed in accordance with IEEE
Standard C57.12.90, Method Il (Test with Guard Circuit)/ IEC 60076.

>

>

Transformers with delta tertiary stabilizing windings shall be tested as “three-winding
transformers.”

Test results for “Two-Winding Transformers” or “Three-Winding Transformers” as appropriate
shall be included in the test report.

15) Winding insulation resistance tests shall be performed.

>

>

Transformers with delta tertiary stabilizing windings shall be tested as “three-winding
transformers.”

Test results for “Two-Winding Transformers” or “Three-Winding Transformers” as appropriate
shall be included in the test report.

16) Doble SFRA Testing:

Doble SFRA tests shall be performed on every transformer as follows:

» Tests shall be performed with a Doble M5000 series test set. SFRA tests using othe
rmanufacturer’s equipment are not acceptable.

» Tests shall be performed in accordance with Doble’s SFRA Power Transformer Test
Specification.
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A CD ROM shall be provided which includes all test files for electronic comparison with
future test results.

Sketches shall be provided showing test set-up with all equipment identified.

Both open-circuit tests and short-circuit tests shall be performed for the following winding
connections for each phase (9 tests per tap configuration):

HV Winding at maximum tap and LV winding at maximum tap (LTC at maximum boost
position)

HV Winding, at maximum tap and LV Winding at LTC Neutral position.

For transformers with a reactance-type LTC, an additional set of tests shall be done with
the LTC in a bridging position (with preventive autotransformer excited). Position 15R is
suggested, but the manufacturer may select an alternate bridging position if it would
provide more informative results.

» For Wye-Wye transformers with the corner of the buried delta tertiary brought out and
completed externally, one test shall be done on the tertiary winding (Ya-Yb, with all other
bushings floating.)

VV VYV VV V

17) Controls and wiring check, including but not limited to the following:

» Point-to-point wiring check.

» CT tests: Ratio, Polarity, Resistance and Hi-Pot. Also verify wiring to the shorting block in
the control cabinet.

Functional check of LTC operation and voltage control including applying voltage to the
LTC control relay.

Functional check of all alarms.

Functional check of all other ancillary devices.

Hi-pot test of control circuits.

VVV V

18) Other tests to be performed and results included in the Test Report as follows:

a)

b)

c)

d)

)

Tank welds shall be given a pressure test by filling the tank with oil and holding 10 psifor six
hours, after which all welded seams shall be inspected for leaks.

Certified tests shall be provided for metering accuracy current transformers (when used)at
burdens 5P20, 0.5, and 0.2 (as applicable) at secondary currents of 0.1, 0.2, 0.5, 0.75, 0.9,
1.0, and 1.2 amperes Included as part of the test report, CT’s shall be identified by correlating
each CT serial number with its respective bushing location (e.g., X1, X2, and X3).Metering
CT’s are to be capable of overloads consistent with transformer overloading.

The De-Energized Tap Changer operating mechanism shall be operated through its full range
periodically during the 10 psi pressure test and during de-energized periods in test program
and the shaft seals shall be checked for leaks, with each such operation logged on the test
report.

Documentation shall be provided for the metering accuracy of relay-class CT’s at burdens of
5P20, 0.5, and 0.2 (as applicable) at secondary currents of 0.1, 0.2, 0.5, 0.75, 0.9, 1.0, and
1.2 amps.

A core-to-ground megger measurement shall be made after completion of all tests and shall
also be included in the test report. Insulation resistance values shall be included in the test
report for each core or core section. (Main core, series core, PA core, etc.)

Each bushing shall have its C1 and C2 power factor test performed.

Calculated peak inrush current shall be provided with the test report.
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h) A minimum of three oil samples shall be taken from the transformer main tank and dissolved
gas analysis shall be performed per C57.130. DGA results shall be submitted with the test
report. If oil is removed before completion of last test, then gas-in-oil tests shall be made
before oil is removed and again after oil is replenished.

i) Samples shall be taken as follows:
i. After the unit is filled and before any tests are performed. (All gas levels should be
negligible).
il Immediately after the temperature tests at the maximum force-cooled rating.
iii.  After all preliminary and Dielectrics testing.

4.19.3 Acceptance Criteria
1) Winding and Bushing power factor:

a) Maximum acceptable power factor is 0.5% or manufacturer’s criteria, whichever is lower.

b) For Class | and Class Il transformers, the measured partial discharge shall not exceed200
microvolts and 500 picocoulombs during the enhancement level, and shall notexceed 100
microvolts and 300 picocoulombs during the one-hour level.

¢) The measured levels of gasses generated during the preliminary and dielectrics testsshall not
exceed the limits specified below

Dissolved Gas Limits

Gas Maximum Generation Rate (ppm per
hour while at rated current)

Hydrogen (H2) 2

Carbon Monoxide (CO) 5

Carbon Dioxide (CO2) 20

Methane (CH4) 1

Ethylene (C2H4) Non-Detectable

Ethane (C2H6) Non-Detectable

Acetylene (C2H2) Non-Detectable

2) The measured levels of gasses generated during the temperature rise tests shall not exceed
the limits specified below.

Dissolved Gas Limits

Gas Maximum Generation Rate (ppm per
hour while at rated current)

Hydrogen (H2) 10

Carbon Monoxide (CO) 30
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Carbon Dioxide (COZ2) 300

Methane (CH4) 2

Ethylene (C2H4) Non-Detectable
Ethane (C2H6) 1

Acetylene (C2H2) Non-Detectable

4.19.4 Shipment

4.19.4.1 Each transformer, when prepared for shipment, shall be fitted with a shock indicator or
recorder which shall remain in situ until the transformer is delivered to site. In the event that
the transformer is found to have been subjected to excessive shock in transit, such
examination as is necessary shall be made in the presence of the Engineer.

4.19.4.2 The transformer shall be shipped with the standard shipping connections as per IEC 60076,
unless otherwise specified in the “special requirements” on the data sheet.

4.19.4.3 Factory test data in accordance with this specification shall be provided to the Employer for
review and approval prior to shipment:

1) All Dielectric testing results including waveforms and test values.

2) All temperature test results.

3) All Doble test results (single phase excitation test, power factor and capacitance)
4) Impedance, load loss and no-load loss.

5) DGA results.

4.19.4.4 The transformer shall be designed to withstand a minimum shipping force of 2G in the
lateral direction, 5G in the longitudinal direction, and 3G in the vertical direction. Shipping
terms are delivery to the pad at the location specified in the Data Sheets and as per section
above with the Seller to bear all risk of loss or damage while in transit.

4.19.4.5 Bidders shall verify their ability to ship to Purchaser's specified shipping destination and
shall submit written confirmation of this with the submission of bids. Shipment of the
transformer via truck is preferred.

4.19.4.6 Transformers shall be shipped under at least 3 pounds (at 30°C) positive pressure of
breathable quality dry air. A gauge with valves and fittings to permit sampling or adding air
shall be provided to monitor air pressure until transformer is filled with oil. Shipping
accessories shall include appropriate pipe plug or pipe cap to replace shipping gauge.

4.19.4.7 A recording impact meter with two horizontal and one vertical axis indicator shall be
mounted on each vehicle used for shipping the core and coil to its destination. The recording
shall be made available to the Customer for review. If meter is not tamper proof then it shall
be sealed to show evidence of tampering. Impact meter shall only be opened by the
Manufacturer’s representative in the presence of a Customer representative. The recorder
shall be capable of recording the entire transport plus 30 days.
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4.19.4.8 Shipment shall include one complete set of fresh gaskets to replace all those used on
equipment removed after factory testing and two sets of fresh gaskets for all access covers
on the tank and tap changer compartments. Gaskets used during factory test and shipping
shall not be reused once disturbed. Gaskets shall be packed in plastic bags for protection
and identified as to intended location on the transformer.

4.19.4.9 All radiators and associated piping that are disassembled for shipment shall be kept water-
tight by using gasketed and bolted metal blanking plates. Pressure vacuum gauges shall be
provided by the Seller for the monitoring of gas pressure in the main tank of the transformer
during shipping. Gauges shall be mounted so as to be well protected during shipment.

4.19.4.10 Final shipping information and required delivery dates are specified in the Appendix.
Delivery earlier than the date listed in the Appendix is not permitted without prior approval
from the Employer.

4.19.4.11 Delivery of the transformer and all parts and accessories shall be made on the same
day. The Purchaser reserves the right to hold a truck so that all offloading can be done on
the same day.

4.19.4.12 The Seller shall email complete packing list of parts to the Engineer at least 48 hours
prior to shipment. Packing list shall include number of shipping groups or separate
containers, contents of each container, expected date of arrival, shop order number and
substation name.

4.19.4.13 No transportation media transfers are to be made without written approval from the
Employer.

4.19.4.14 The Seller shall provide satisfactory trip lease arrangements where rail shipments to
private rail sidings are used.

4.19.4.15 Where practicable, transformers shall be shipped with oil filing to cover core and
windings but, when shipped under pressure of gas, shall be fitted for the duration of delivery
to Site and for such time thereafter as is necessary, with a gauge and gas cylinder adequate
to maintain internal pressure above atmospheric.

4.19.4.16 Small transformers may be shipped oil-filled. When the Contract also includes the
provision of oil, the seller shall fill the transformer with oil at site.

4.19.4.17 All earthing transformers shall be shipped full of oil.

4.19.5 Receiving

4.19.5.1 After the Employers's representatives have been notified of the transformer's arrival at the
specifiedshipping destination, they and the Seller's representatives will inspect the
transformer for apparent damage or loss. In the event there is evidence of loss, damage, or
rough handling, the Seller's representative will be responsible for noting such on the carrier's
delivery receipt. If the Seller desires to make an internal inspection of a suspect transformer
prior to its unloading from the carrier's vehicle, he will be required to pay for any fees related
to delays caused by his inspection. If the Seller does not choose to make an internal
inspection and instead asks that the transformer be moved to the foundation for oil filling
and field testing, the Seller shall be required to bear all transportation charges in addition to
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the repair or replacement expenses in accordance with the provisions of the General Terms
and Conditions and assume full liability if it is necessary for any part of the transformer to be
returned to the factory due to concealed damage incurred during shipment.

4.19.5.2 The Seller shall be responsible for processing any claims against the carrier (rail, water, or
road) and for bearing costs, liabilities, etc., in accordance with the provisions of the General
Terms and Conditions if it is necessary to return a transformer to a repair shop in order to
correct damage incurred during transportation from the factory to the specified shipping
destination.

4.19.5.3 The Seller shall provide receipt inspection criteria.

4.19.5.4 Field supervision by a qualified employee of the Manufacturer is to provide technical
assistance during the initial field assembly of the transformer.

4.19.6 Site Tests

4.19.6.1 Tests During Installation

The following tests shall be performed during and after installation on the entire equipment in
order to ensure correct assembly of the equipment as well as to prove that the equipment

has been correctly installed:

¢ Verification of proper and complete erection

¢ Verification of the proper condition of porcelains, sealing and external surfaces
e Verification of proper connection to the earthing system

o Verification of transformer bolted connections by torque spanner

e Voltage tests of all electrical LV circuits

o Verification of the proper cabling and operation of all electrical LV equipment

e Verification of control and protection circuits and wiring.

4.19.6.2 Commissioning Tests

4.19.6.2.1 Main objective of the commissioning tests is to check proper and safe operation of
the equipment, and in particular to verify and confirm the factory acceptance test
results.

4.19.6.2.2 The following commissioning tests will be performed before putting the
transformers into operation:

¢ Measurements of insulation resistances of windings and magnetic core.

e Capacitance (C), dielectric losses (tand) and winding inductance.

¢ Measurement of winding resistance at all tap changer positions.

e Measurement of voltage ratio at all tap changer positions and check of winding
connection.

Tender Document: Design, Supply, Erection, Testing & Commissioning of capacity enhancement and Capacitor Bank
installation with associated switchgear in existing grid substation. (Package-2, Lot-2)




277

Operation test of all protection units, measuring and alarm (signalling) units, Buchholz
relay, contact thermometer, thermal image unit, etc.

Operation test of cooling-system controls and alarms.

Operation test of tap changer controls and alarms.

Oil dielectric strength.

Physical, chemical and electrical characteristics of oil.

4.19.6.3 Handling on Site

4.19.6.3.1

4.19.6.3.2

For installation purposes and to permit the moving of any three phase unit, the
transformers are to be equipped with castors (rail wheels). A permanent rail
transfer track system shall be provided, integrated with the transformer
foundations. The castors should be able to swivel in both the longitudinal and
transverse directions.

A system of wedges shall be included to stop any unwanted movement of the
transformer during its operating life. The distance between rails must be
compatible with the transformer dimensions and also the rail gauge prevailing at
existing substation sites.
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5. 36kV Capacitor Bank

General

This Specification covers the design, manufacture, pre-assembly and acceptance
testing in the Contractor’'s workshops as well as the supply, delivery, unloading,
erection, adjusting, painting, identification, commissioning and acceptance testing of
36 kV capacitor banks for identified substations for each Lot, complete in every
respect and suitable for satisfactory operation.

Layout

Capacitor banks installation layout and scopes including additional works shall be
referred to Schedules and drawings which are attached. The location to be installed
of the 36 kV capacitor banks can be observed by field visit is strongly
recommended to reduce deviations of related estimation and clarify any possible
mistakes during bidding process.

Scope of Supply and Services

This Subsection sets out the scope of installations covered by this Specification as
well as the requested supplies and services, but without excluding other necessary
components and services not mentioned. The relevant “Prices for Equipment and
Spare Parts” can be found in Price Schedule.

The following main equipment has to be provided:

36 kV capacitor banks for outdoor installation, composed of ungrounded double-Y-
connected capacitors, sized of 15 MVar (Operation output at 33kV) with fully
insulated neutrals and current transformers for unbalance protection and series
connected inrush current limiting (damping) reactors.

Technical requirements of capacitor bank are as follows:

Normal system voltage 33kV

Highest system voltage 36kV

Highest voltage for equipment 36kV

Maximum system voltage unbalance 2%

Ambient air temperature -5/B

Minimum reactive power at normal system voltage 15 MVar as per schedule

No of phase Three (3)

Frequency 50Hz +/- 0.5

Capacitor tolerance 0to 10%

Discharge time <75V within 600 seconds

Case Stainless steel or Mild steel

Paint Epoxy coated double layer
\ Urethane

Bushing Two porcelain bushings
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Dielectric All polypropylene synthetic
film

Impregnate Non PCB

Connection of capacitor bank Double star with neutral
floating

Rating of capacitor unit voltage M.R

kVar rating of capacitor unit M.R

Fuse type Internal fuse

Power frequency withstand voltage (rms) 70kV

Basic impulse withstand voltage (peak) 170kv

Symmetrical short circuit level 31.5kA

The total reactive power with this is 405MVar and number of capacitor banks to be

installed at the individual substations and parallel operation group shall be as follows:

36kV Capacitor Bank
SI'NO. Name of the Substations glrgg? Zacil/;(r))mpensation
1. | Panchogar 132/33 2x15
2. | Thakurgaon 132/33kV 3x15
3. | Purba-Sadipur 132/33kV 3x15
4. | Naogaon 132/33kV 2x15
5. | Niyamotpur 132/33kV 2x15
6. | Joypurhat 132/33kV 2x15
7. | Coxbazar 132/33kV 4x15
8. | Chuadanga 132/33kV 2x15
9. | Bhandaria 132/33kV 3x15
10. | Kishorganj 132/33kV 2x15

The supply shall include all necessary structure and accessories i.e. clamp
connectors, bus extension work, wiring etc.

5.4 Construction Requirements
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General

The 36 kV capacitor bank design has to meet the requirements of the latest edition of
IEC 60871.

Capacitor Banks

Each capacitor bank shall comprise of disconnect switch, dedicated circuit breaker,
current transformer, surge arrester, inrush current limiting reactor, capacitor unit,
neutral current transformer, support insulator, busbar, interconnection cable, terminal
connector and structure with associated hardware and accessories. When it is
required to be made for the existing bus extension, all necessaries for the complete
work shall be include as well.

Each capacitor bank shall have a reactive power of 15 MVar at 33 kV, 50 Hz with
considerations of inductive reactive losses of the current inrush current limiting
reactors, that means the reactive power of the capacitors must be increased
corresponding the losses of the current inrush current limiting reactors to ensure that
a nominal/rated reactive can be fed into the network.

The capacitor units of a capacitor bank shall be connected as three phase, double
star, and neutral tied together with neutral ungrounded.

The capacitor bank shall operate at the voltage specified in technical specification
and relevant drawing and shall be switched on and off by respective circuit breakers
at the substation. The design shall ensure that the required total capacity shall not
below at nominal voltage.

Each capacitor bank shall comprise a suitable number of two bushing single phase
units in series and parallel combination connected in an ungrounded double star
configuration to facilitate incorporation of a capacitor unbalance detection scheme.

Individual capacitor voltage rating shall be selected by contractor to form an
economical and compact design; however, number of parallel units in each of the
series string shall be such that at least two (2) elements faults shall not create an
overvoltage on the units in parallel with it. Contractor shall inform the numbers of fault
elements for the alarm setting and trip setting of capacitor bank.

Layout of the equipment shall be arranged to occupy the minimum practical space,
however, all components shall be readily accessible for inspection, cleaning and
repairs.

Design shall incorporate all necessary precautions and provisions for the safety of
those concerned in operation and maintenance of the apparatus.

The capacitor banks shall be installed in the locations stated in sub clause 4.3 of this
section, The Contractor shall optimize the design of the capacitor banks which is
subject to approval of PGCB.

Capacitor Units
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The capacitor units shall be modern designed and shall be in accordance with
relevant latest standards described in Section 1. All capacitor units shall be single
phase with identical voltage and kVar ratings.

The capacitor shall have two bushings and clearance between two terminals shall be
220mm or more for the 2 series connection & 320mm or more for the one series
connection.

Each unit shall satisfactorily operate at 130% of rated current including harmonic
currents as per IEC. Units shall be capable of continuously withstanding satisfactorily
any overvoltage up to a maximum of 10% above rated voltage as per IEC.

Containers

All Capacitors shall be hermitically sealed and bushing shall be assembled on the top
of the case in a welding process.

The containers of the capacitor units shall be made of stainless steel. The containers
shall withstand all stresses which may occur during service (normal conditions and
internal faults) without bursting. Capacitor units shall be treated suitable anti
corrosion protection. A painting system for containers shall be proposed by the
Contractor and will be subject to the approval of PGCB.

Capacitor Elements

All capacitor elements shall be synthetic film (polypropylene) with aluminum
electrode. The aluminum foil shall be edge folded type.

All the capacitor elements shall be dry voltage withstand tested before assembly
made.

The individual elements shall be of the all-film type. The maximum element voltage
shall not exceed 2000V at rated voltage. In case of all-film capacitors the dielectric
stresses shall not exceed 60V/micron at rated voltage. Information about the
connections of capacitor elements (number of parallel/series connected elements)
shall be included to the tender documents by the contractor.

Internal Fuses

The capacitor units shall have internal fuses to protect each element. Type test
protocols according IEC 60871-4 shall be enclosed to the tender.

Capacitor unit shall be of internally fused type. All internal fuses shall be withstood for
the inrush current.

Impregnant

The capacitor elements shall be vacuum dried inside the case prior to impregnation
with the dielectric fluid. The capacitors shall be dehydrated under high vacuum and
temperature not to leave any gas or impurities in the case, which may cause
deterioration of the dielectric.
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Impregnation fluid is forbidden using polychlorinated biphenyl (PCB). The
manufacturer shall submit certificate to demonstrate Non PCB type fluid and fluid
characteristics data. Detail information and test results of the impregnant offered
shall be supplied with the bidder. The impregnation fluid shall be biodegradable and
after impregnation the capacitor unit shall be sealed immediately upon removal
impregnant reservoir.

Discharge Resistor

The capacitor units shall be supplied with discharge resistors inside the containers to
discharge the capacitors from rated voltage to 75 V within 10 minutes. This
requirement must be fulfilled under consideration that three capacitor units are
connected in series. If this cannot be achieved by internal discharge resistors
additional external discharge devices shall be installed.

Design Temperature

The capacitors shall be designed according the following temperatures:
Lowest ambient air temperature: - 5 °C.

Upper limit of temperature category: +45 °C.

Tolerances

The capacitor units of a capacitor bank shall be selected in such a way that the
tolerances of the individual capacitor units shall be within -0% ~ +10% of the rated
capacitance and the tolerances of the total capacitance of different phases shall be
less than +5%.

Evaluation of Losses

The loss of capacitor should not exceed 0.2 Watt/kVar. Evaluation price of the
capacitor bank will be equal to total offered cost (CIF) of capacitor bank +
monetization cost due to total losses of capacitor bank. Loss of series reactor shall
not be considered for loss evaluation.

Guaranteed values for losses of capacitor bank in Watt shall be stated in Schedule E
of Particulars and Guarantees by the Bidder.

The cost on losses will be monetized as follows:

As per Section 3 (Evaluation and Qualification Criteria) of volume 1.

The acceptance of capacitors yielding losses higher than the guaranteed values shall
be governed by either of the following:-
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(a) Losses in excess of guaranteed values but within 0.2 Watt/kVar.

Capacitors shall be acceptable subject to full compliance with all technical
particulars, and subject to the Bidder accepting deduction from the Contract Price of
charges for each Watt thereof of losses in excess of the guaranteed values, at the
above evaluation rates.

(b) Losses in excess of guaranteed values and exceeding 0.2 Watt/kVar.

The acceptance of capacitors shall be entirely at the discretion of the Employer and
subject to the Bidder accepting the deduction from the Contract Price of charges for
each Watt thereof of losses in excess of the guaranteed values, at the above loss
evaluation rates.

In the event of total losses which are either equal to or below the guaranteed values,
the Bidder will not be entitled to any premium in respect of reduction in losses below
the guaranteed values.

Voltage of Capacitor Banks/Capacitor Units

The rated voltage of Capacitor Banks shall be 33kV and the maximum permissible
voltage shall be 36kV. The maximum permissible voltage of the capacitor bank units
shall be 36 kV plus the voltage increase due to inrush current limiting reactors.

Inrush Current Limiting Reactor

Inrush current limiting reactors shall be provided for each capacitor bank. The
contractor shall provide information and calculation that the selected reactor meets
the requirements of the capacitors and 33 kV switchgear. The reactor shall be
capable to withstand the same over-current as the capacitor bank.

5.10 Neutral Current Transformer

Neutral current transformer should be installed on neutral point of each double Y
capacitor connection for unbalance protection. Relevant technical parameter are as
follow:

- Accuracy class 5P10

- Burden 15VA

- Rated current 5A or 1A (as per existing)
- Test voltage 70 /170kV
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Capacitor Bank Connection

All live parts of the capacitor banks (busbar, connections etc.) shall be fully insulated
to avoid short circuits caused by vermin (shakes, lizards etc.). All exposed capacitor
terminals and cable between capacitor units shall be shrouded or covered with PVC
insulation. Each terminal shall be provided with a parallel groove clamp suitable for
conductor of up to 2 x 12mm diameters with plain washer, spring washer, nut.

Harmonic Measurement

To consider the effect of harmonic currents all electrical equipment shall be designed
for a continuous current of 1.43 times the rated capacitor bank nominal current.

The contractor shall measure the actual harmonic components at the step of
installation and commissioning, related study report also shall be submitted. Details
refers to the Schedule A and B of the Volume 3.

Lifting Device for Capacitor Unit

Each capacitor unit shall have two lifting device shall be installed on both narrow side
for erection of capacitor banks and for maintenance (exchange of capacitor units).

The contractor shall include in his offer documentation about the proposed lifting
device.

Nameplate

Name plate shall be stainless steel material to prevent rust. Name plate shall have all
items described in IEC 60871.

i) Manufacturer

i) ldentification number and manufacturing year
i) Rated output

iv) Rated voltage

v) Rated frequency

vi) Temperature category

vii) Discharge device

viii) Insulation level

ix) Internal fuses (if any)

x)  Applied standard

Documentation for Capacitor Bank

Tender Document: Design, Supply, Erection, Testing & Commissioning of capacity enhancement and Capacitor Bank

installation with associated switchgear in existing grid substation. (Package-2, Lot-2)




285

The followings shall be included with the offer.

5.16

5.16.1

5.16.2

5.16.3

5.17

5.17.1

5.17.2

i) Completely filled in technical data schedule.

i) Supply record with documentary evidence of the offered capacitor bank
for last 10 years mentioning Purchasers name, quantity, year of supply.

iii) Printed catalogue indicating the offered type capacitor bank shall be
submitted along with the Bid.

Bids not mentioning the technical specification of the tender or not fulfilling the
requirements of serial No. 2 & 4 shall be rejected.

Type Test and Routine Test

Type test report of offered type capacitor unit shall be submitted as per relevant
clause of Schedule G.

Type test items as per as per relevant clause of Schedule G (in accordance with
IEC 60871) shall be submitted.

Every capacitor units shall be routine tested by supplier and contractor shall submit
routine test report with test values at the time of delivery. Routine test report shall
have following items as a minimum:

a). Capacitance measurement

b). Tangent of dielectric loss angle

c). Voltage test between terminals

d). Voltage test between terminals and container

e). Test of internal discharge device

f). Sealing test

g). Discharge test on internal fuses

capacitor units shall be partial discharge tested as a acceptance test and testing
values shall be included in routine test report.

Series Reactor

Generally Inrush suppression series connected reactors are required to protect the
capacitor bank form inrush current due to switching. Air cored, air cooled, dry type,
copper wound outdoor reactor is envisaged to limit the inrush current. The normal
current rating of the reactor shall be 143% of rated continuous current of the
capacitor bank. The voltage rating of the base insulators shall be of 36kV. The
Basic Impulse level shall follow the range of capacitor bank.

If it is required to change the type of the reactor based on the specified study
(clause 4.11 herewith) then follow the statement of the Schedule A and price rate of
the Schedule B.

For both capacitor and reactor, the method of mounting and minimum clearance
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required for, live parts shall be indicated clearly and shall be as per IEC 60071-2.
The mounting structure arrangements for the reactor shall have consideration for
the magnetic clearance between reactors and/or reactor and any metallic parts,
covering in any design cases.

The reactor shall be free from annoying hum or vibration. The design shall be such
as not to cause any undesirable interference with radio or communication circuits.

The complete assembly of the capacitor bank shall be on a hot dip galvanized steel
structure. The details of mounting structure connections with relevant drawings shall
be furnished. The mounting structure details for mounting the two groups of
capacitor with neutral CTs and inrush current limiting reactor has to be furnished.
The bottom most portion of the lowest post insulator shall follow the IEC 60071 and
61936, from the ground level. The two groups shall be mounted suitably ensuring
sufficient clearances.

Test:
The test items as per IEC 60289 and 60076-6 included in type test as per relevant
clause of Schedule G.

Every reactor units shall be routine tested by supplier and contractor shall submit
routine test report with test values at the time of delivery. Routine test report shall
have following items as a minimum

Routine Test:

a) Measurement of winding resistance

b) Measurement of inductance

¢) Separate source voltage withstand test
d) Induced over-voltage test

Key Interlocking System

Each capacitor bank shall be fitted with a time delay electro-mechanical interlocking
system to prevent access to the capacitors for a preset time interval following de-
energization. This gives the capacitor unit's internal resistor time to discharge any
stored energy within the unit. The time delay circuit is also used to inhibit immediate
re-closure of the capacitor bank after an open/trip operation.

When the capacitor bank is switched off, an interlock key is released from the
appropriate control/relay panel after the timer has been timed out (min 10 minutes).
This key shall be used to gain access to the capacitor bank compound surrounded
by fencing. The bank is only ready for energization when the key is returned back
the control/relay panel.
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6. Protection, Metering & Control and
Substation Automation System

6.1 General

The protection and control facilities shall be suitable for the power system arrangement as
shown on the bid drawings.

6.1.1 For each substation, the Contractor has to foresee one (or more) separate
cubicle(s) for:

e Control system — SCADA Server (Control, SCADA, SAS, etc.)
e Operator's Working Station
o Gateway server

e DFDR
e AVR
e Metering

e 33 kV Control cubicle(s)

During the Design stage, the Contractor has to propose the final solution, which will be
subject of the Employer’s final approval.
6.1.2 For the entire system, the following protection philosophy shall be applicable:

Main Scheme Scheme Reclosing | Details
Relay Comm. Ch
Main 1 Full scope
Distance (21) of
. : 67/67N Multiple Distance
(ng”TS;‘;,;OTT) Trip | Optical | g8 "\/7F 1ph, 3ph, | and
50 Stub 1+3ph Multiple
50 SOTF ocC
Function
Main 2 Full scope
Distance (21) of
Transfer Trip _ 67/67N Multiple Distance
(PUTT/POTT) Optical 68, VTF 1ph, 3ph, | and _
50 Stub 1+3ph Multiple
50 SOTF ocC
Function
Backup 67/67N For
68, VTF
50/50N LaBKY
51/51N y

6.1.2.1 The Main 1 & Main 2 relay shall be for 245Kv & higher voltage system and for 145kV
system, only Main 1 & backup relay shall be applicable. The Main 1 & Main 2 relays shall be
from different manufacturers or different models from same manufacturer.
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During the Design stage, the Contractor can propose different arrangement like:

Main 1 Protection and Main 2 Protection in the same cubicle and separate Control
cubicle or

Both Protection and Control in the same cubicle for lower voltage class like 132kV &
lowers

The final solution will be subject of the Employer's final approval. However, The
bidder/manufacturers of relay shall provide at least 5 years of warranty for its product, i.e.,
for complete Protection system.

Protection Relay - General

For standardization of operating performance, facilities and spare requirements, the
protection relays and control systems, together with complete panels to be supplied
under this project shall be manufactured by ABB (Switzerland/Sweden), Alstom/GE
(France / UK/USA), Siemens (Germany), or SEL (USA).

The protection shall be sufficiently sensitive to cater for the minimum fault level
condition. This will be advised later. The protection shall also be suitable for a
system fault level equal to the switchgear rating as mentioned in section 1 of this
specification for all voltage system. All current transformer design shall be based on
these fault levels.

All relays shall operate correctly within system frequency limits of 47Hz to 51Hz.
Installation, Testing and Commissioning of Control, protection and metering system
shall be done by the Manufacturer(s) Engineer(s).

All the Auxiliary relays (Contactor, TCS, Tripping relays, thermostat, humidity
controllers etc.) used for protection scheme shall be of Europe/USA origin.

Fault Clearance Times

400kV, 230 kV, 132 kV and 33 kV systems overall fault clearance times (i.e. from
fault initiation to arc extinction) shall not exceed the following:

Type of Fault

Maximum Fault Clearance Time

Nominal system voltage between phases kv 400 230 132 33
Substation and transformer fault msec. | 80 100 120 160
Line faults:

Up to 72% of the line length (i.e. 90% of a distance | msec. | 80 100 120 160
relay zone 1 reach setting of 80% of the line

impedance)
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72% of 100% of the line length where (@) plus | msec. | 100 130 150

protection signalling time

190

6.3.2

6.4

6.4.1

6.4.2

6.4.3

6.4.4

6.4.5

6.5

These requirements must be fulfiled under all system conditions including
maximum dc current offset and any time delay. Clearance within these times shall
be achieved for all types of faults except high resistance earth faults detected by
DEF protection or under circuit breaker failure conditions.

Arrangement of Facilities

Control and relay equipment shall be mounted on panels and cubicles as specified
and shall be installed in permanent buildings on the substation sites. The order of
the panels shall follow the sequence shown on the drawings.

Panels provided as extensions or for erection in the same room as existing panels
shall be of similar design and appearance to those existing. Equipment, meters,
etc., mounted on such panels shall likewise be of style and scaling similar to the
existing equipment. Characteristics of relays, etc., and all connections of equipment
to be associated with existing equipment shall be such that they are fully compatible
with and can operate satisfactorily in conjunction with the existing equipment. The
characteristics and appearance of all such equipment shall be to the approval of the
Engineer.

Backup Control panels shall incorporate all necessary control and indication
facilities for the operation of the plant and equipment at the associated substation
even in the case of failure of Substation Automation System. In addition, the plant
may be remotely controlled and supervised from the National Load Despatch
Centre (NLDC) in Dhaka.

The Gateway system for communication to the NLDC shall be supplied under this
contract including all necessary items like auxiliary switches, relays and changeover
switches etc. All circuits provided under this contract whether or not they are subject
to the system control requirements at the present time, shall be designed and
constructed so that the standard facilities specified can be readily provided as
required in the future.

The Contractor shall be responsible for ensuring the correct operation of the
protective equipment and shall submit for approval recommended relay settings
supported by design calculations for all protective equipment being supplied. The
Engineer reserves the right to ask the Contractor to get the design calculations
approved by the Manufacturer of the Protection equipment and/or get the
confirmation for the suitability of the particular protective relay for the proposed
application. In case the proposed Protective relay is not suitable for the proposed
application the Contractor shall change to a suitable relay as recommended by the
Manufacturer without any cost implications to the Engineer.

Multi-Core Cable Diagrams

Diagrams of communication arrangements will be made available to the Contractor who will
be required to coordinate the provision of necessary multi-core cabling. This contract
includes the preparation of cabling schematic diagrams, showing the approved routing of
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cores in the various cables, and detailed cable schedules and connection diagrams for all
the cables associated with each item of equipment.

6.6

6.6.1

6.6.2

6.6.3

6.7

6.7.1

6.7.2

6.7.3

6.7.4

6.8

6.8.1

Test and Earthing Facilities

Each control or relay panels shall be provided with a copper earth bar of not less
than 150 sg.mm Cross-section and arranged so that the bars of adjacent panels
can be joined together to form a common bus.

The common earthing busbar of control and relay panels shall be connected to the
main station earthing system via a copper earthing connection of not less than 150
mm?.

Software for testing the protection & control devices shall be included in the scope
of supply. In addition, for secondary injection testing of the protection & control
devices, provision shall be made in the panel for current & voltage injection using
standard test set and disconnecting type terminal blocks with facility for short
circuiting of current transformer secondary circuit etc. by means of movement of
links from their normal operating position, or any other testing arrangement
approved by the Engineer.

Protection Devices

Simplified arrangements of the main connections and protection for the various
items of plant are shown in Bid Drawing.

Protection equipment shall be designed and applied to provide maximum
discrimination between faulty and healthy circuits. All equipment is to remain
inoperative during transient phenomena which may arise during switching or other
disturbances to the system.

Current transformers, where possible, are to be located so as to include the
associated circuit breaker within the protected zone and shall be located generally
as indicated on the schematic drawings included in this Specification.

Transformer Buchholz, winding temperature and tap changer protective devices are
to be supplied under this contract, and all necessary interposing relays, tripping
relays and cabling associated with these devices shall be supplied and mounted
under this contract.

Relays

General: Relays shall be of approved types complying with IEC 60255 or British
Standard 142 and 5992, Parts 1,2 and 3 as appropriate, fully tropicalized, and shall
have approved characteristics. Relays designed identical to relays with a minimum
of five years proven field experience will only be accepted. Supply record of
proposed relays shall be furnished for the last five years. The Engineer will reject
any design he considers unsatisfactory or having insufficient field experience. All
the protective relays shall be numerical type only. Numerical relays shall be
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configured in such a way that at least 2 nos. relays shall be provided for each
feeder.

The protection relays, shall be located in conventional panels and shall be flush
mounted in dust and moisture proof cases and of the draw out type with rear
connections.

Relays shall be of approved construction and shall be arranged so that
adjustments, testing and replacement can be affected with the minimum of time and
labour. Relays of the hand reset type shall be capable of being reset without
opening the case.

Electrically reset tripping relays shall be provided where necessitated by the system
of control, such as for those circuits subject to remote supervisory control.

Relay contacts shall be suitable for making and breaking the maximum currents
which they may be required to control in normal service but where contacts of the
protective relays are unable to deal directly with the tripping currents, approved
auxiliary contacts, relays or auxiliary switches shall be provided. In such cases the
number of auxiliary contacts or tripping relays operating in tandem shall be kept to
the minimum in order to ach