BOQ_ANNEXURE 1.0: STANDARD NOTES FOR SCOPE OF ERECTION/ INSTALLATION VENDOR

SI. No.

DESCRIPTION

Unloading, handling, shifting to & fro from store to work location/ any location within project premises/
boundary, safe storage, assembly, erection, providing manpower, hydra, manlift, tools & plant support to testing
agency till completion of commissioning of equipment and handing over the project to the customer & handing
over surplus material & Spares to BHEL/ Customer.

Erection work includes taking over with due verification of already unloaded material (if applicable), receipt of
complete project material, unloading from truck/ trailer/ carriers, material handling at project site / project area,
material reconciliation, verification, record keeping, handling, material relocating as per site/ storage
requirements, safe keeping, pre-erection assembly, erection/ installation of the project and associated systems/
equipment and reconciliation after completion of Erection works (testing and Commissioning shall be done by
other agency) & handing over surplus material & Spares to BHEL/ Customer

The Scope also include all Tools & Plants (T&P) including operators/drivers, required for erection i.e. hydra/ crane,
man lifter etc as required for complete installation, support to testing & commissioning of the system, complete
in all respect. The bidder must ensure the arrangement of a man-lift (with a minimum access height of 14.5
meters for 765kV and 12.5 for 400/220kV switchyard) during ETC works.

Necessary manpower support, tools, tackles shall be in the scope of Erection contractor as mentioned in BOQ also

All the mandatorily required test for successful erection including as IR test for all insulators, isolators, cables etc
shall be in scope of erection agency

Original Equipment Manufacturer (OEM) shall provide supervision services for ICT/ Reactor, Circuit Breaker,
Isolator, CT, CVT, Protection & Control Panels, PLCC panels, Battery & Battery Chargers, ACDB/ DCDB etc. as the
case may in detailed BOQ

Bidder to offer items from Customer approved make only, as applicable. Bidder to supply material of proven
design and make, which have already been extensively used and tested. Bidder to obtain approval from BHEL
Engineer incharge / Customer prior to supply. Quantity of supply items are provisional and shall be finalised
during contract stage. Qty of supply item may vary upto any extent and and even may get deleted. However
overall contract value may vary + 30%. Variation will be valid up-to contract stage.

All consumables required for sucessful erection / installation of present scope of work is in bidders scope, such as
but not limited to, Welding Electrodes, Low hydrogen content welding electrode, Ferruls, Cable Lug, cable ties,
Paint, bitumen compound, Zinc riched enamel paint, red oxide and zinc chromate etc. complete in all respect.

The storage instructions of the equipment manufacturer/ Employer shall be strictly adhered to. Customer Field
Quiality Plan shall be followed alongwith the provision of Technical Specification for storage.

10

Dry out cycle with N2/dry air cylinder filling at required PSI (pressure) for achieving desired due point of Reactor
as per Technical Specificationare to be done as per BHEL / OEM standard recommendation.

11

Oil Testing (BDV, PPM, Resistivity & Tan delta etc as per BHEL/ Customer specification) for transformer/Reactor
insulating oil at Reputed / Customer approved Laboratory(as applicable). Arrangement of sampling bottle,
sampling syringe etc for OIL TESTING is in the scope of the bidder.

Erection Contractor scope covers all supports for sampling, safely delivery and submission of test sample to
POWERGRID laboratory, getting it tested at POWERGRID laboratory and submission of test report to BHEL.
Laboratory Test charges shall be in the scope of Erection Contractor. Sample bottle/syringe etc. is in scope of
bidder. ONE (1) set equals to one number of successful oil sample test.
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12

Erection of Power/ Control/ Instrument Cable: Scope includes Cable laying, tagging , dressing, ferruling, lugging
,soldering, tapping, jointing, crimping and drilling/ cutting holes in cable gland plates- laying can be either on
trays, supports, underground, buried in ground or through Gl/ PVC/ HDPE pipe over/ under ground, through wall ,
on structure/ LM Erection. All erection materials viz. ferrules, copper lugs, cable ties / straps, Al. tags, markers,
Gl/ PVC wall sleeves with rubber/ nylon bushes and flexible steel conduits shall be supplied by bidder. excluding
supply of Cable Gland which are covered separately (as a separate BOQ item / free supply by BHEL). Machine
ferruling method shall be adopted.

Scope also includes making holes in the cable trench (for the laying of PVC/GI conduits) using a core cutter, along
with all necessary repair and finishing work to restore the surface to its original condition.

13

Erection of Directly Buried Cable (including sand bed & brick cover) - Scope includes laying of cables, directly in
buried cable trench. All civil & erection activities such as excavation, supply and placement of sand, bricks,
backfilling, compaction, tagging , dressing, ferruling, lugging, soldering, tapping, jointing, crimping and drilling/
cutting holes in cable gland plates etc shall be in contractor's scope. All erection materials viz. Sand, Bricks, Cable
Lug, ferrules, cable ties / straps, Al. tags, route markers, joint markers, Gl / PVC wall sleeves with rubber / nylon
bushes etc shall be supplied by bidder. excluding supply of Cable Gland which are covered separately (as a
separate BOQ item / free supply by BHEL). Machine ferruling shall be adopted.

14

For Directly Buried Cable (as mentioned avove) bidder to supply & install cable route marker. Location of cables
laid directly underground shall be clearly indicated with cable route marker made of galvanised iron plate. The
cable route marker shall project 150 mm above ground and shall be spaced at an interval of 30 meters and at
every change in direction. They shall be located on both sides of road and drain crossings as per 1S:1255 standard/
customer specification with following typical details. Actual laying drawing shall be provided during detailed
execution.

a) Depth 750mm from FGL

b) Sand Bedding = 75 mm bottom, 75 mm top, 75mm sides

c) Protection by Bricks

15

Cable Lug: Supply of cable lug is in bidders scope. cable lugs shall be tinned copper solderless crimping type
conforming to IS-8309 & 8394 for all control Cables and cables with copper wire.

For Aluminium Bimetallic lugs for power cables as required shall beused depending upon type of cables and
terminations. Solderless crimping of terminals shall be done by using corrosion inhibitory compound.

The cable lugs shall suit the type of terminals provided. The bidder shall cover the exposed part of all cable
lugs whether supplied by him or not with insulating tape, sleeve or paint.

Bidder to supply cable lug from manufacturer's authorisedrepresentative / dealer. Make of cable lug is to be
approved by site i.e. DOWELLS /COMET/ JAIN ELECTRONICS/ JAICO ELECTRIC/ SI METAL WORKS / powergrid
approved make etc.

16

Cable Tags & Markers - Bidder to supply and install cable tag & markers. The tag shall be of aluminium with the
number punched on it and securely attached to the cable conduit by not less than two turns of 20 SWG Gl wire
conforming to 1S:280. Cable tags shall be of rectangular shape for power cables and of circular shape for control
cables.

17

Cable Gland: Tin/ Nickel, Nichel/ chromium - Plated (coating thickness not less than 10 microns) customer
approved / Sunil & Co. / Arup/ Comet / QPIE make brass cable glands, double compression heavy-duty type
complete with necessary armour clamp & tapered washer etc. Bidder to offer the gland from authorised
representative of manufacturer. Cable gland shall be subject to customer approval prior to dispatch. Cable glands
shall match with the sizes of different HT/LT/Control cables.

18

Power and control cables shall be securely fixed to the trays/supports with self locking type nylon ties with de-
interlocking facility at every 5 metre interval for horizontal run. Vertical and inclined cable runs shall be secured
with 25 mm wide and 2 mm thick aluminium strip clamps at every 2m.

19

Vertical run of cables on equipment support structure shall be supported on perforated cable trays of suitable
width which shall be suitably bolted/clamped with the equipment support structure. Tray shall be supplied by
BHEL.
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20

Insulating Rubber Mats - The scope covers supply and laying of insulating mats of class-A conforming to IS: 15652-
2006. These insulating mats shall be laid in front of all floor mounted ACDB, CRP, SAS (As applicable under
present scope) in control room building. The insulating mats shall be made of elastomer material free from any
insertions leading to deterioration of insulating properties. It shall be resistant to acid, oil and low temperature.
Upper surface of the insulating mats shall have small aberration (rough surface without edges) to avoid slippery
effects while the lower surface shall be plain or could be finished slip resistant without affecting adversely the
dielectric property of the mat. The Insulating mat shall be of pastable type, to be fixed permanently on the front
of the panels except for the chequered plate area which shall not be pasted as per requirement. The insulating
mats shall generally be fixed and joints shall be welded as per recommendations in Annexure-A of 1S:15652.
Width of insulating mats shall generally be of 1.5 meters or as per site requirements. Length shall be supplied as
per site requirements.

21

Cable ends shall be kept sealed to prevent damage. In cable vault, fire resistant seal shall be provided underneath
the panels. Wherever cable pass through floor or through wall openings or other partitions, GI/PVC wall sleeves
with bushes having a smooth curved internal surface so as not to damage the cable, shall be supplied, installed
and properly sealed by the Contractor at no extra charges.

22

All arc welding with shall be done with low hydrogen content electrodes for all earthing works i.e. MS Rod, Gl
Flat & MS Flat.

23

All welding done at site for equipment and structures, shall be painted with zinc rich paint immediately to avoid
corrosion.

24

Welding of Aluminium tubes (supply of welding sleeve excluded) is in Erection contractor's scope and joints shall
be tested as per customer requirement. Welding and Bending machines and any other equipment will be in
Erection Contractor scope.

25

50mm x 6mm MS flat shall run on the top tier and all along the cable trenches and the same shall be welded to
each of the racks. Further this flat shall be earthed at both ends and at an interval of 30 mtrs. The M.S. flat shall
be finally painted with two coats of Red oxide primer and two coats of Zinc riched enamel paint.

26

Connection between equipment earthing lead and main earthing conductors and between main earthing
conductors shall be welded type. For rust protections, the welds should be treated with red oxide primer and
afterwards coated with two layers bitumen compound to prevent corrosion.

27

Cable racks and supports shall be painted after installation with two coats of metal primer (comprising of red
oxide and zinc chromate in a synthetic medium) followed by two finishing coats of aluminium paint. The red
oxide and zinc chromate shall conform to 1S:2074.

28

Minor Civil works such as modification of civil foundations, making holes in the trenches/control room building
for PVC/GI pipe entries etc. are in the scope of Erection contractor.

29

Removal of gravel, if gravelling is already done, for connection of Equipment earthing strip to the existing mat
(wherever earthing mat is already laid), and after completion of earthing , contractor should place the gravel to
bring it in original shape.

30

Completete Erection/ Installation package is under the scope of bidder. All Work and T&P required to complete
the job including oil filterating machine, cranes etc. shall be in bidders scope.

31

Any other item i.e. Portable Flood Light Panel etc if handling is in the scope of bidder.

32

Trench Material 50x50x6 mm MS Angle shall be of grade - A as per 1S:2062.

33

Power Supply to Testing and Commissioning agency shall be provided by erection agency in the working range.

34

Power Supply to sub-vendor of package items (Illumination, Fire Fighting, Air Conditioning and Ventilation, DG
Sets) shall be provided by erection agency in the working range.

35

MANDATORY SPARES: Scope includes Unloading, storage , material handling and Handing over.

36

Installation of flexible cu braided strip complete in all respect for isolator MOM box connection is part of erection
of isolator.

38

Measurement of Resistance which not limited to following is in erection agency scope.
-Earth Resistance Measurement of Main Earthgrid, Pipe & Rod electrodes, etc

-Earth Resistance Measurement of LA/CVT/PT/Tower etc. with & with out grid.
-Contact Resistance Measuremnt of all Connections (Al Tube/Conductor etc)




Scope Matrix between Erection Agency and Testing & Commissioning Agency (Scope Matrix 1 of 3)
Brief scope of Testing & Commissioning agency work shall include all tests as per Technical Specifications / Indian Standards, including but not limited to verification of erection/ installation of associated systems/ equipment and carrying out the testing & comissioning
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deemed to be included in the scope of Testing Agency).

Rev.0

SR_NO |Description_of_Item (testing and
Commissioning)

BHEL /
Customer

OEM

Erection Agency

Testing & Commissioning Agency

1 Transformer / Reactor with all accessories, fittings,
control cabinets, Turrect CT, Bushings, Online DGA,
onlien Insulating oil drying system complete in all
respect

Supervision shall be
extended by OEM

Pre-Erection Tests, which includes the followings:
-Core tank and limb isolation test using Megger

- Transformer oil testing as per OEM recomendations
- Turrent CT testing by CT analyser

- Bushing Tan Delta mesurement

- Dew Point Testing

- Online Particle Test

Balance and Post-Erection Tests/Pre-Charging are to be carried out, which include but
are not limited to the following:

- Insulation Resistance (IR) testing at 5kV Megger

-Capacitance & Tan Delta measurement on bushings

-Turret CT testing: Complete CT testing using CT Analyzer

-All pre-erection tests, during erection stage & insulation oil tests
- Bushing Tan Delta measurement

- Sweep Frequency Response Analysis (SFRA)

- Magnetising current test

- Core tank and limb isolation test using Megger

- Ratio test

- Polarity check

- Magnetization characteristics

- Checking of earthing

- Dissolved Gas Analysis (DGA)

- Dew point testing

-Post Charging vibration measurement.

2 Circuit Breaker with & without closing resistor
(Remark - Supplier will bring Breaker timing kit and
Gas leak detector only. Necessary manpower
support, tools, tackles and testing kits is in the
scope of ETC contractor).

Supervision shall be
extended by OEM.

OEM shall bring CRM Kit/
Breaker timing kit and Gas
leak detector only.

Pre-Erection Tests, which includes the followings:

- SF6 Gas Processing Unit shall be arranged by erection agency.

- Insulation resistance (IR) test for Post Insulator
- Dew Point measurement.

Balance and Post-Erection/Pre-Charging Tests are to be carried out, which include but
are not limited to the following:

- Insulation Resistance — CB contacts and control circuit

- Functional checks

- SF¢ gas dew point measurement

- Auxiliary contacts (NO/NC) functional check

- Dynamic contact resistance measurement (DCRM) with CB analyzer
- Closing and opening time measurement

- Speed curve analysis

- Close/trip coil resistance measurement

- Pick-up and drop-off test for coils

- Motor resistance and operational check

- Capacitance and tan delta test

- Contact resistance test

- Overall integration level test

3 Isolator with & without earth switch

Supervision shall be
extended by OEM

Pre-Erection Tests, which includes the followings:
- Insulation resistance (IR) test for Post Insulator

Balance and Post-Erection/Pre-Charging Tests are to be carried out, which include but
are not limited to the following:

- Contact Resistance Measurement (CRM)

- Timing test

- Open/Close (OC/CC) pick-up test

- Auxiliary NO/NC contact checking

- Mechanical operation test

- Motor operation and interlock check

- IR measurement of motor windings

- Auxiliary contact function checks




deemed to be included in the scope of Testing Agency).
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SR_NO

Description_of_Item (testing and
Commissioning)

BHEL /
Customer

OEM

Erection Agency

Testing & Commissioning Agency

4 CT - CurrentTransformer Pre-Erection Tests, which includes the followings: Balance and Post-Erection/Pre-Charging Tests are to be carried out, which include but
- Oil Level / Nitrogen pressure checking are not limited to the following: (To be done with Automatic CT analyser only)
- Insulation resistance (IR) test - Ratio test
- SF6 pressure and dew point (if applicable) - Winding resistance test
- CT oil BDV - Capacitance and tan delta test
- Knee point voltage testing
- Polarity check
- Magnetization characteristics test
- Dissolved Gas Analysis (DGA) (if required)
- CT Primary Injection Test with primary injection Kit
5 CVT - Capacitive Voltage Transformer Pre-Erection Tests, which includes the followings: Balance and Post-Erection/Pre-Charging Tests are to be carried out, which include but
- Oil Level / Nitrogen pressure checking are not limited to the following:
- Insulation resistance (IR) test - Ratio test (To be done with automatic ratio test kit only like CPC100)
- Earth resistance with and with out grid - Polarity check
- CVT oil BDV - IR measurement
- Phasing test
- Tan delta test
- Capacitance measurement (Individual stack as well as complete assembly)
- Secondary wiring checks
- Winding resistance test
6 Surge Arrester Pre-Erection Tests, which includes the followings: Balance and Post-Erection/Pre-Charging Tests are to be carried out, which include but
- Insulation resistance (IR) test for individual stack are not limited to the following:
- Earth resistance with and with out grid - Leakage current counter testing
- tan delta testing
- Capacitance Measurement of individual stacks and complete assembly
- Third harmonic resistive current Measurement
-Insulation Resistance (IR) test
7 Line Trap Pre-Erection Tests, which includes the followings: Balance and Post-Erection/Pre-Charging Tests are to be carried out, which include but
- Insulation resistance (IR) test of Post Insulator are not limited to the following:
- Insulation resistance (IR) test
- Inductance and capacitance measurement for tuning circuit
8 LT Transformer Pre-Erection Tests, which includes the followings: Balance and Post-Erection/Pre-Charging Tests are to be carried out, which include but
- Transformer oil testing including processing of oil, if required are not limited to the following:
-Winding resistance Test
-Polarity Test
- Magnetizing Current Test
- Insulation Resistance Test
- Ratio Test
- Hi pot of HV cable , if applicable
9 415V Main Switchboard Pre-Erection Tests, which includes the followings: Balance and Post-Erection/Pre-Charging Tests are to be carried out, which include but

- Insulation resistance (IR) test

are not limited to the following:

- Complete testing and Scheme Checking including CT, PT, VCB/ ACB/ MCB and
Numeric Relay Testing

- Insulation resistance (IR) test

- Bus ioint contact resistance
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BHEL /
Customer

OEM

Erection Agency

Testing & Commissioning Agency

10 415V AC Distribution Board (ACDB) Pre-Erection Tests, which includes the followings: Balance and Post-Erection/Pre-Charging Tests are to be carried out, which include but
- Insulation resistance (IR) test are not limited to the following:
- Complete testing and Scheme Checking including CT, PT, VCB/ ACB/ MCB and
Numeric Relay Testing
- Insulation resistance (IR) test
- Bus ioint contact resistance
11 415V MLDB along with Isolation transformers Pre-Erection Tests, which includes the followings: Balance and Post-Erection/Pre-Charging Tests are to be carried out, which include but
- Insulation resistance (IR) test are not limited to the following:
- Complete testing and Scheme Checking including CT, PT, VCB/ ACB/ MCB and
Numeric Relay Testing
- Insulation resistance (IR) test
- Bus ioint contact resistance
12 415V Emergency Lighting DB along with Isolation Pre-Erection Tests, which includes the followings: Balance and Post-Erection/Pre-Charging Tests are to be carried out, which include but
Transformer - Insulation resistance (IR) test are not limited to the following:
- Complete testing and Scheme Checking including CT, PT, VCB/ ACB/ MCB and
Numeric Relay Testing
- Insulation resistance (IR) test
- Bus joint contact resistance
13 DC DISTRIBUTION BOARD Pre-Erection Tests, which includes the followings: Balance and Post-Erection/Pre-Charging Tests are to be carried out, which include but
- Insulation resistance (IR) test are not limited to the following:
- Complete testing and Scheme Checking including CT, PT, VCB/ ACB/ MCB and
Numeric Relay Testing
- Insulation resistance (IR) test
- Bus joint contact resistance
14 BATTERY Supervision shall be Manpower & Electrician support including testing instruments
extended by OEM Multimeter, Megger, DC clamp on meter etc.
- Arrangement and manpower for 24x7 Charging-discharging cycle
(3 charging-2 discharging cycle per battery bank)
15 BATTERY CHARGER Supervision shall be Manpower & Electrician support including testing instruments
extended by OEM Multimeter, Megger etc.
-Manpower and arrangement for Load Tests of battery bank
16 BMK, CTJB, CVT JB Pre-Erection Tests, which includes the followings: Balance and Post-Erection/Pre-Charging Tests are to be carried out, which include but
- Insulation resistance (IR) test are not limited to the following:
- Complete testing and Scheme Checking
- Insulation resistance (IR) test
- Function test
17 String Insulator & Hardware Pre-Erection Tests, which includes the followings:
- Insulation resistance (IR) test
18 LT POWER AND CONTROL CABLE Pre-Erection Tests, which includes the followings:
- Insulation resistance (IR) test
-Contnuity test
19 Al Tube (CRM testing of contact post installation, Pre-Erection Tests, which includes the followings:

and CRM testing of the joint pre-installation after
welding)

- Contact Resistance Measurement of all connection
- die penetration test,
- radiography (x-ray and gama ray) test
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SR_NO

Description_of_Item (testing and
Commissioning)

BHEL /
Customer

OEM

Erection Agency

Testing & Commissioning Agency

20 Resistance Measurement -Earth Resistance Measurement of Main Earthgrid, Pipe & Rod
-Earth Resiatnce Measurement of Main Earthgrid, electrodes, etc
Pipe & Rod electrodes etc -Earth Resistance Measurement of LA/CVT/PT/Tower as applicable
-Contact Resistance Measurement etc.
-Contact Resistance Measuremnt of all Connections (Al
Tube/Conductor etc)
21 Testing of PLCC system equipments (except wave All Test in OEM Scope. Testing agency shall coordinate with OEM for smooth conduction of test.
traps): Manpower & Electrician support including testing instruments Multimeter, Megger
(Supervision of Testing will be done by OEM). etc.
22 Testing & Commissioning of S/S bays including
wiring check, scheme checking, support to OEM
for CRP, SAS, FOTE, operation & interlock, ladder
logic, current circuit & voltage circuit testing,
readiness for comissioning.
22.1 |765kV Bays Relay test Kit & Relay Complete testing and Scheme Checking including arrangement of
Testing in OEM scope Manpower & Electrician support including testing instruments Multimeter, Megger
etc.
22.2  |765kV 1 Phase (spare bay) Relay test Kit & Relay Complete testing and Scheme Checking including arrangement of
Testing in OEM scope Manpower & Electrician support including testing instruments Multimeter, Megger
etc.
22.3  |400KV Bays Relay test Kit & Relay Complete testing and Scheme Checking including arrangement of
Testing in OEM scope Manpower & Electrician support including testing instruments Multimeter, Megger
etc.
22.4 |220KV Bays Relay test Kit & Relay Complete testing and Scheme Checking including arrangement of
Testing in OEM scope Manpower & Electrician support including testing instruments Multimeter, Megger
etc.
22.5 |72.5kV Bay Relay test Kit & Relay Complete testing and Scheme Checking including arrangement of
Testing in OEM scope Manpower & Electrician support including testing instruments Multimeter, Megger
etc.
22.6 |33kV Bay Relay test Kit & Relay Complete testing and Scheme Checking including arrangement of
Testing in OEM scope Manpower & Electrician support including testing instruments Multimeter, Megger
etc.
22.7 |CSD Relay test Kit & Relay Complete testing and Scheme Checking including arrangement of
Testing in OEM scope Manpower & Electrician support including testing instruments Multimeter, Megger
etc.
Note:
1 The test to be carried out shall be done as per approved FQP/Technical Specifications.




Scope Matrix between Erection Agency and Testing & Commissioning Agency (Scope Matrix 2 of 3) Rev.0
Testing &
SI. No. Description BHEL OEM Erection Agency Commissioning
Agency
Availability of all the testing equipment's as per Annexure of required capacity having valid calibration certificate
1 1. Specific Testing Equipment (Annex-A), v
2. General Testing Equipment (Annex-B), to be retained at site through out the course of execution of work at site.
5 Availability of all the testing equipment's as of required capacity having Valid calibration certificate for the pre erection test is under y
scope of erection bidder
3 Scheme interface checking between equipment like Circuit Breaker, CT, CT JB, PT JB, Isolator, C & R panel etc. v
4 |Relay setting calculation for Auxillary Relay v
5 Relay setting calculation for Main Relays \
Testing of numerical relays with test kit (the scope includes relay test kit supply at site for testing)
6 |* Relay Test Kit shall be in the scope of Testing & Commissioning Agency for BHEL make Panels. Other than BHEL make panel it shall be v v
in OEM Scope.
7  |Preparation of Reports in BHEL/Customer approved Format and submission to the Customer \i \i
8 |ERECTION PROTOCOL \
9 TESTING and COMMISSIONING PROTOCOL \i
a OEM PROTOCOL (Scope of OEM) \ \
b  |Necessary correction & preparation of 'As-Built' cable schedule )
¢ |Assistance/Skilled manpower support for Testing and Commissioning Work \
9 [Safety Compliance of testing & commisioning according to the BHEL/CUSTOMER standard \
10 |Workmen (of Testing Agency) compensation insurance \
11 |Arrangement for Access to the equipment to be tested \
12 |Accomdation,fooding & Local conveyance for testing team \
13 |Arrangement of Gate Pass for testing team Vi \
14 |Extension of Power Supply to the Equipment Testing Activities from nearby available power source to Testing Agency v
15 [Preparation and submission of hand corrected 'As-Built' drawing (min 3 set/copies) \
16 |Facility arrangement
17 |Sitting Arrangement including one table & two chair v
18 |Storage of testing equipment v Vi
19 |Watch and Ward of Erection\Erected Material v
20 [Site In charge/Co-ordinator for co-ordination/Planning of resources/T&P for testing work at site v
21 [Laisoning for Electrical Charging clearance from Statutory Authority \
Note :
1 Joint Verification for manpower and resources: The JMC for activities having involvement of Erection, Testing & Commissioning agencies is applicabel shall be signed/verified by all three parties (BHEL,

Erection Agency and Testing & Commissioning agency).
2 Multiple mobilisation: The multiple mobilization has been envasiged for testing & commissioning work at site, and price in BOQ are with considerationof multiple mobilization for lot/individual items.

Checklist prior to mobilisation of Testing Agency: The chcek list along with requisite input to commence testing work shall be provided by site (Jointly signed by BHEL, Erection Agency and Incharge/Co-
odinator of testing agency) to testing & Commissioning agency prior to nmobilization of T&P at site.

4  The Site in charge/Co-ordinator of tetsing agency shall be deployed at site in advance stage, and shall co-ordinate all necessary inputs as per Project/BHEL requirement at site.




Scope matrix between OEM and Testing & Commissioning Agency (Scope Matrix 3 of 3)

EQUIPMENT/ SUB

TESTING & COMMISSIONING

TESTING & FINAL

SCOPE OF WORK

SYSTEM SYSTEM REQUIREMENT COMMISSIONING OEM of Equipment/
a REQUIREMENT aulp TESTING AGENCY
Package
BUS WIRING BUS WIRING CONNECTION AS PER V (wiring schedule will be
SCHEME provided by BHEL)
V (01 set hard f
STANDALONE & |EACH CRP STANDALONE WIRING Sch(em:“;vmat:e C(:c?\yi;e g
SCHEME CHECKING|CHECKING P
by BHEL)
PLCC/FOTE Testing of system (excluding v y
manpower support)
Testing of system (manpower support v
i.e Testing Engineer & Technician)
CRP PMU Testing of system (excluding v y
manpower support)
Testing of system (manpower support v
i.e Testing Engineer & Technician)
RELAY CONFIGURATION,
RELAY RELAY TESTING y v
SAS INTEGRATION (as per customer
check list and Technical Specification)
Relay functional check with
system(manpower support i.e v
Technician)
CT TEST BY OMICRON(OR icR)ll_’\:'::?rYylzj(Eg;fN,
cT EQUIVALENT) CT ANALYSER v
a ) INDENTIFICATION AT FINAL
STAGE SEPARATELY
CVT/PT/EMVT CVT/PT/EMVT Testing Secovdary mjecjtlon and v
phasing out at final stage
B Complete CB testing as per approved v y
FQP/TS
CSD FOR Circuit Breaker (excluding v
manpower support)
OUTDOOR CB-CSD Testing of system (manpower and test
instrument support i.e Technician v
and Omicron 356 or equivalent kit)
Complete LA testing as per approved
LA v
FQP/TS
Complete testing as per approved
ISO/ES v A
/ FQP and Technical Specification.
INSULATION REGISTANCE AND
WAVE TRAP INDUCTANCE TESTING/ v
VERIFICATION.
satiery  [220vand v |0 R e y
Chargers Battery Charger o 8 P PP ’ As per scope matrix 1of 3,
Technician/T&P). .
S  to OEM for festi r these are under erection
220V and 48V UPPOT ,0 . or testing an . agency)
Battery Bank Commissioning(manpower support i.e v
Battery Bank L
Technician T&P).
Complete ACLT ACDB: CompIeFe test}ng as per
Switchaear approved FQP including aux. relays, v \
LT Switchgear 8 bus change over scheme.
Complete DCLT DCDB: Complete tetsing as per v y
Switchgear approved FQP
MK MK Complete testing work, Power & v

Control block




Battery Health

Support to OEM for testing and

BHMS Monitoring System CommAlsAswnlng(manpower supporti.e
Technician T&P).
Support to OEM for testing and
REACTOR/ICT/ |ONLINE DGA Commissioning.(manpower support
ST i.e Technician T&P).
ONLINE DRYOUT Support Fo QEM for testing and
REACTOR/ICT/ Commissioning.(manpower support
SYSTEM . -
ST i.e Technician T&P).
ONLINE PD Supponft Fo QEM for testing and
REACTOR/ MONITORING Commissioning.(manpower support
ICT/ST i.e Technician T&P).
ONLINE Support Fo QEM for testing and
REACTOR/ TEMPERATURE Commissioning.(manpower support
ICT/ST i.e Technician T&P).
ONLINE BUSHING Supponft Fo QEM for testing and
REACTOR/ MONITORING Commissioning.(manpower support
ICT/ST i.e Technician T&P).
Support to OEM for testing and
DG Commissioning.(manpower support
i.e Technician T&P).
Testing of CT, if any
AUX Complete testing as per approved
FQP and Technical Specification.
Transformer
NOTE:

1. The package item including lllumination , Fire Fighting, Air Conditioning & Ventillation System etc. Shall be dealt as per its PO and hence same is not

included here.

2. Fuel for DG commissioning is not in scope of vendor.




Annexure-A: Special Tool & tackles and testing instruments to be arranged by Testing

Agency

C. Special Test Instruments Unit
1 CB Operational Analyser (with graphical result) with 1
DCRM
5 Testing of CB with Operational Analyser (with graphical 1
result) without DCRM
3 Variable frequency Automatic Capacitance & Tan Delta 1
test Kit
4 Automatic Relay Test kit Omicrom CMC 356 or 1
equivalent
5 Sweep Frequency Response Analysis 1
(SFRA Kit)
6 |Oil BDV kit 1
7 |PPM test kit 1
8 |On line particle test kit 1
9 |Automatic CT testing Kit 1
10 [Automatic CVT ratio testing Kit 1
11 |Dew point meter 1
12 Automatic Transformer/Reactor Winding res 1
measurement kit (25-50A)
13 |Automatic Trafo/Reactor Ratio measurement kit 1
14 |Battery Discahrging Resistor 1
15 |Hi-pot kit (60/75KV ac) 1
16 |Thermo Vision Camera 1
17 |Third harmonics current measurement kit 1
18 |[RLC bridge (inductance measurement) 1
19 |Single Phase variac 1
20 [5kV/1kV Insulation Tester 1
Notes:
1. The above tooles & tackles To be brought by testing agency on returnable basis
only.

2. The above list is only indicative and any other test instrument, required for
completion of testing activities complete in all reaspect shall be included in bidder's
scope.



Annexure-B: General Tool & tackles and testing instruments to be arranged by Testing Agency

Sl. No. Description Unit
A. Workman Compulsory Tool Kit (per team)

1 Allen Key Set 1
2 Screw driver Set 1
3 Continuty Tester

3 Wire Stripper 1
4 Crimper 1
5 Banana clip 1
6 Crocodile clip 6

B. General Test Equipments
1 Analog multimeter 1
2 Digital multimeter 2
3 Clamp on meter 0-3000A 1
4 Leakage current meter (0-1A) 2
5 Variable DC power pack (0-20A) 1
6 Earth Resistance meter 1
7 SF6 Gas leakage detector 1
8 Automatic Transformer/Reactor Winding res measurement kit (25-50A) 1
9 Contact Resistance meter (200A DC) 1
10 Automatic Trafo/Reactor Ratio measurement kit 1
11 Digital megger (500V-5KV) 1
12 Phase sequence meter 1
13 LAN tester (for checking healthiness of ethernet cable crimping) 1
Note:

1. The above tooles & tackles To be brought by testing agency on returnable basis only.
2. The above list is only indicative and any other test instrument, required for completion of testing
activities complete in all reaspect shall be included in bidder's scope.
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SECTION-(SE)
SWITCHYARD ERECTION

1.0 GENERAL
This section covers erection of all equipment such as circuit breakers,
isolators, current transformers, voltage transformers, surge arresters etc.
This section also covers design, engineering, manufacture, testing at
works, supply, insurance, handling, storage, erection, testing and
commissioning of supply & erection of following items.
- String insulators and hardware
- AAC / ACSR conductor
- Galvanised Steel Earthwire
- Aluminium Tube
- Spacers
- Bus post insulators
- Earthing & Earthing materials
- Lightning protection materials
- Cabling material
- Other items

2.0 String Insulators & Hardware
The insulators for suspension and tension strings shall conform to IEC-60383
and long rod insulators shall conform to IEC-60433. Insulator hardware shall
conform to 1S:2486. Composite long rod polymer insulator shall conform to

IEC:61109. Further, the contractor shall supply insulators as per details
mentioned below:

A. Tension Insulator String
Sl. No. System Voltage Type
1. 765kV, 400kV, 220kV & 132kV (for Composite Long Rod
all substations in coastal, pollution Polymer with 31mm/kV
affected areas as identified in Creepage

Section-Project and for all
substations in Northern Region)
2. 765kV, 400kV, 220kV & 132KV (for Composite Long Rod
substations not covered in 1. above) Polymer/Porcelain/Glass
with 31mm/kV Creepage

B. Suspension Insulator String
Sl. No. System Voltage Type
1. 765kV, 400KV, 220kV & 132kV (for Composite Long Rod
all substations) Polymer with 31mm/kV
Creepage
Technical Specification, Section : SE Page - 1 of 58
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Construction Features (Porcelain & Glass Insulators)
Porcelain insulators

a) Suspension and tension insulators shall be wet process porcelain with ball
and socket connection. Insulators shall be interchangeable and shall be
suitable for forming either suspension or tension strings. Each insulator
shall have rated strength, manufacturer's logo, month & vyear of
manufacturing markings on porcelain printed and applied before firing.

b)  Porcelain used in insulator manufacturing shall be homogeneous, free from
laminations, cavities and other flaws or imperfections that might affect the
mechanical or dielectric quality and shall be thoroughly vitrified, tough and
impervious to moisture.

c) Glazing of the porcelain shall be of uniform brown colour, free from blisters,
burrs and other similar defects.

Glass insulators

It shall be made of toughened glass. Glass used for the shells shall be sound,
free from defects, flows bubbles, inclusions, etc and be of uniform toughness
over its entire surface. All exposed glass surfaces shall be smooth.

When operating at normal rated voltage, there shall be no electric discharge
between conductor and insulator which would cause corrosion or damage to
conductors or insulators by the formation of substances due to chemical action.

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. All ferrous
parts shall be hot dip galvanized in accordance with the latest edition of IS: 2629.
The zinc used for galvanizing shall be of grade Zn-99.95 as per IS-209. The zinc
coating shall be uniform, adherent, smooth, reasonably bright, continuous and
free from imperfections such as flux, ash, rust stains bulky white deposits and
blisters.

Contractor shall make available data on all the essential features of design
including the method of assembly of discs and metal parts, number of discs per
insulator string, the manner in which mechanical stresses are transmitted through
discs to adjacent parts, provision for meeting expansion stresses, results of
corona and thermal shock tests, recommended working strength and any special
design or arrangement employed to increase life under service conditions.

Hardware Fittings

Clamps for insulator strings and Corona Control rings shall be of aluminium alloy
as stipulated for clamps and connectors.

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 conditions.

The tension Insulator hardware assembly shall be designed for minimum 21000
kg tensile load for 765kV and minimum 12000 kg tensile load for hardware

Technical Specification, Section : SE Page - 2 of 58
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SECTION - (SE)
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assembly below 765kV. Earth wire tension clamp shall be designed for minimum
1000 kg tensile load with a factor of safety of two (2).

21.34 The tension string assemblies shall be supplied alongwith suitable turn buckle.
Sag compensation springs if required may also be provided.
2.1.3.5 All hardware shall be bolted type.
2.2 Tests
In accordance with the stipulations of the specification, the suspension and
tension strings, insulator and hardware shall be subjected to the following type
tests, acceptance tests and routine tests:
221 Type Tests on Insulator Strings: The test reports for following type tests shall
be submitted for approval as per clause 9.0 of Section - GTR.
a) Power frequency voltage withstand test with corona control rings (if
applicable) under wet condition as per IEC- 60383.
b) Switching surge voltage withstand test [400 kV and above class only]
under wet condition as per IEC-60383.
c) Lightning Impulse voltage withstand test with corona control rings under
dry condition as per IEC-60383
d) Voltage distribution test (Dry) [applicable for disc insulator string only]
The voltage across each insulator unit shall be measured by sphere gap
method. The result obtained shall be converted into percentage. The
voltage across any disc shall not exceed 6.5% for 765 kV suspension and
tension insulator strings, 9% and 10% for 400KV suspension string and
tension insulator string respectively, 13% for 220KV suspension and
tension insulator strings, 20% and 22% for 132KV suspension and
tension insulator strings respectively.
e) Corona Extinction Voltage test (Dry) [220kV and above class only]
The sample assembly when subjected to power frequency voltage shall
have a corona extinction voltage as specified at clause 2.3.2. There
shall be no evidence of Corona on any part of the sample. The
atmospheric condition during testing shall be recorded and the test results
shall be accordingly corrected with suitable correction factor as stipulated
in IEC 60383.
f) RIV Test (Dry) [220kV and above class only]
Under the conditions as specified under (e) above the insulator string
alongwith complete hardware fittings shall have a radio interference
voltage as specified in clause 2.3.2 of this section. The test procedure
shall be in accordance with IS 8263/IEC 60437.
9) Mechanical strength test: The test shall be carried out as per following
procedure.
Technical Specification, Section : SE Page - 3 of 58
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The complete insulator string alongwith its hardware fitting excluding
arcing horn, corona control ring, grading ring, tension/suspension clamps
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 dismantle 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.

2.2.2 Type Tests on String Insulator Units
Type test report for Thermal Mechanical Performance tests (applicable for
porcelain type insulators) as per IEC-60575, Clause 3 shall be submitted for
approval as per clause 9.2 of Section - GTR.

223 Acceptance Tests for Insulators:

a) Visual examination as per IEC-60383/ IEC-61109 clause no. 7.2 (for
composite long rod insulators).

b) Verification of Dimensions as per IEC- 60383.

c) Temperature cycle test as per IEC- 60383.

d) Puncture Test as per IEC-60383 (Applicable only for porcelain insulators).
e) Galvanizing Test as per IEC- 60383.

f) Mechanical performance test as per IEC-60575 CI. 4 / IEC-61109 clause
no. 7.2 (for composite long rod insulators).

9) Test on locking device for ball and socket coupling as per IEC-60372(2).
h) Porosity test as per IEC- 60383 (Applicable only for porcelain insulators).

i) Thermal shock test as per IEC-60383 (Applicable only for glass
insulators)

224 Acceptance Test on Hardware Fitting
a) Visual Examination as per Cl. 5.10 of IS: 2486 (Part-I).
b) Verification of Dimensions as per Cl. 5.8 of 1S:2486 (Part-1)
C) Galvanising/Electroplating tests as per CI. 5.9 of 1S:2486 (Part-I).
d) Slip strength test as per Cl 5.4 of IS-2486 (part-I)

e) Shore hardness test by the Elastometer

Technical Specification, Section : SE Page - 4 of 58
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f) Mechanical strength test for each component (including corona control
rings and arcing horns).
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
2.2.1.(g) above should be followed.
g) Test on locking devices for ball and socket coupling as per IEC -60372(2).
225 Routine Test on Insulator
a) Visual Inspection as per IEC-60383
b) Mechanical Routine Test as per IEC-60383
c) Electrical Routine Test as per IEC-60383
2.2.6 Routine Test on hardware Fittings
a) Visual examination as per Cl 5.10 of 1S:2486 (Part-I)
b) Mechanical strength Test as per Cl. 5.11 of 1S:2486 (Part-I)
227 Test during manufacture on all Components as applicable on insulator
a) Chemical analysis of zinc used for galvanising: Samples taken from the
zinc ingot shall be chemically analyzed as per IS: 209. The purity of zinc
shall not be less than 99.95%.
b) Chemical Analysis, mechanical hardness tests and magnetic particle
inspection for malleable casting:
The chemical analysis, hardness tests and magnetic particle inspection
for malleable casting will be as per the internationally recognized
procedures for these tests. The sampling will be based on heat number
and heat treatment batch. The details regarding tests will be as discussed
and mutually agreed to by the Contractor and Employer in Quality
Assurance Program.
2.2.38 Test during manufacture on all components as applicable on hardware
fittings:
a) Chemical analysis of zinc used for galvanising:
Samples taken from the zinc ingot shall be chemically analyzed as per
1S:209. The purity of zinc shall not be less than 99.95%
b) Chemical analysis, hardness tests and magnetic particle for Forgings/
fabricated hardware:
The chemical analysis, hardness tests and magnetic particle inspection
for forgings/fabricated hardware will be as per the internationally
recognized procedures for these tests. The sampling will be based on
heat number and heat treatment batch. The details regarding tests will be
as discussed and mutually agreed to by the Contractor and Employer in
Quality Assurance Programme.
Technical Specification, Section : SE Page - 5 of 58
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23 Guaranteed technical Particular For
2.3.1 Disc Insulators
Sl. No. | Description For 765kV For
400/220/132kV
a) Type of insulators Anti Fog type Anti Fog type
b) Physical Size of insulator units
(i) Diameter of Disc As per |IEC As per IEC
(i) Ball to ball spacing between 170 mm 145 mm
discs
c) Electro mechanical strength 210 kN 120 kN
d) Minimum Creepage distance of 460 mm 430 mm
individual insulator units
e) Markings
i) For Porcelain insulators Markings on Markings on
porcelain porcelain
ii) For toughened glass insulators | Markings shall Markings shall
be done on be done on
initial parts initial parts
f) Power frequency puncture 1.3 times the 1.3 times the
withstand voltage actual wet actual wet
flashover flashover
voltage voltage
2.3.2 INSULATOR STRING
Sl. | Description 765 kV | 400kV | 220kV | 132kV
No.
a) | Power frequency withstand 870 680 460 275
voltage of the complete string
with corona control ring (wet)
— KV rms
b) | Lightning impulse withstand +2100 | £1550 | £ 1050 | =650
Voltage of string with corona
control rings (dry) - kVp
c) | Switching surge withstand + 1550 | £1050 NA NA
voltage of string with corona
control rings (wet) - kVp
d) | Minimum corona extinction 508 320 156 NA
voltage level of string with
Corona Control rings (dry) - kV
rms
e) | Maximum RIV level in micro 1000 1000 1000 NA
volts of string with Corona (Max) (Max) (Max)
Control rings across 300 Ohms at 508 at 320 at 156
resistor at 1 MHz KV kV KV
f) Minimum total creepage 24800 | 13020 7595 4495
distance of the insulator
string (mm)
d) | Minimum no. of discs per 54 31 18 11
string (for tension string if
applicable)
Technical Specification, Section : SE Page - 6 of 58
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h) | Electromechanical strength of 210 120 120 120
Insulator Unit. ( KN)

For tension application:-

Double insulator strings for 765kV, 400kV, 220kV and single insulator strings for
132 kV systems shall be used.

For suspension application:-

V-type polymer insulator string shall be used for 765kV system and single
suspension polymer insulator string shall be used for 400kV, 220kV & 132 kV
systems.

COMPOSITE LONG ROD POLYMER INSULATOR

Bidder shall offer composite long rod polymer insulators with suitable hardware
fittings.

Details of Composite Long Rod Insulators

Insulators shall have sheds of the -epen aerodynamic profile without any under
ribs” with good self-cleaning properties. Insulator shed profile, spacing projection
etc. shall be strictly in accordance with the recommendation of IEC-60815.

Ball and socket shall be 20mm designation for 120kN & 24mm designation for
210kN Insulators in accordance with the standard dimensions stated in
IEC:60120/ 1S:2486 (Part-Il). Insulators shall be interchangeable and shall be
suitable for forming either suspension or tension strings. Each insulator shall
have laser markings on housings for manufacturer's name, month & year of
manufacturing, rated strength markings on each composite insulator rod unit. No
negative tolerance shall be applicable to creepage distance of composite
insulators

All ferrous parts shall be hot dip galvanized as per Section-GTR with
minimum weight of zinc coating as 610 gm/sq.m for normal area and 900
gm/sqg.m for coastal area as specified in Section-Project.

Material
Core

It shall be a glass-fiber reinforced (FRP) epoxy resin rod of high strength. The rod
shall be resistant to hydrolysis. The rod shall be of electrical grade corrosion
resistant (ECR), boron free glass and shall exhibit both high electrical integrity
and high resistance to acid corrosion.

Housing & Weathersheds

The FRP rod shall be covered by a sheath of a silicone rubber compound of a
thickness of minimum 5mm. The housing & weathersheds should have silicon
content of minimum 30% by weight. It should protect the FRP rod against
environmental influences, external pollution and humidity. It shall be extruded or
directly molded 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-

Technical Specification, Section : SE Page - 7 of 58
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destructive technique (N.D.T.) to check the quality of jointing of the housing
interface with the core.

The weathersheds of the insulators shall be of alternate shed profile. The
weathersheds shall be vulcanized to the sheath (extrusion process) or molded as
part of the sheath (injection moulding process) and free from imperfections. 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 IEC60587. The strength of the weathershed to sheath interface shall
be greater than the tearing strength of the polymer. The composite insulator shall
be capable of high pressure washing.

End Fittings

End fittings transmit the mechanical load to the core. They shall be made of
malleable cast iron/ spheroidal graphite or forged steel. They shall be connected
to the rod by means of a controlled compression technique. The manufacturer
shall have in-process Acoustic emission arrangement or some other
arrangement to ensure that there is no damage to the core during crimping. This
verification shall be in-process and done on each insulator. The system of
attachment of end fitting to the rod shall provide superior sealing performance
between housing and metal connection. The gap between fitting and sheath shall
be sealed by a flexible silicone rubber compound. The sealing shall stick to both
housing and metal end fitting. The sealing must be humidity proof and durable
with time.

End fittings shall have suitable provisions for fixing grading rings at the correct
position as per design requirements.

Grading Rings

Grading rings shall be used at both ends of each composite insulator unit for
reducing the voltage gradient on and within the insulator and to reduce TV noise
to acceptable levels. The size and placement of the metallic grading rings shall
be designed to eliminate dry band arcing/corona cutting/ exceeding of
permissible electrical stress of material. The insulator supplier shall furnish
design calculations using appropriate electric field software showing electric field
at surface of housing, inside housing & core and at the interface of housing and
metal fittings with the proposed placement and design of corona rings. Grading
rings shall be capable of installation and removal with hot line tools without
disassembling any other part of the insulator assembly.

The design & supply of grading rings shall be in the scope of the composite
insulator supplier.

Tests
Type Tests
The test reports for following type tests on long rod units, components, materials

or complete strings shall be submitted for approval as per clause 9.2 of Section -
GTR.
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On the complete composite Long Rod Polymer Insulator String with
Hardware Fittings:-

a)

Power frequency voltage withstand test with corona control rings/grading ring
and arcing horns (if provided) under wet condition as per IEC:60383-1993.

b) Switching surge voltage withstand test under wet condition as per IEC:60383-

f)

1993.
Impulse voltage withstand test under dry condition as per IEC:60383-1993
Corona and RIV test under dry condition. [132kV and above class only]

The sample assembly when subjected to power frequency voltage shall have
a corona extinction voltage as specified in clause 2.3.2 of this section There
shall be no evidence of Corona on any part of the sample. The atmospheric
condition during testing shall be recorded and the test results shall be
accordingly corrected with suitable correction factor as stipulated in IEC
60383.

Under the conditions as specified above the insulator string alongwith
complete hardware fittings shall have a radio interference voltage level as
specified at specified in clause 2.3.2 of this section. The test procedure shall
be in accordance with IS 8263/IEC-60437.

Mechanical Strength test: The test shall be carried out as per following
procedure.

The complete insulator string alongwith its hardware fitting excluding arcing
horn, corona control ring, grading ring, tension/suspension clamps 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 dismantle 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.

Salt-fog pollution withstand test as per IEC: 60507. The salinity level for
composite long rod insulators shall be 160 Kg/m3 NacCl.

On Composite Polymer Insulator Units

a)
b)

c)

d)

Tests on interfaces and connections of metal fittings as per IEC: 61109-2008.
Assembled core load time test as per IEC: 61109-2008.

Damage limit proof test and test of tightness of interface between end firings
and insulator housing as per IEC: 61109-2008

High Pressure washing test

Technical Specification, Section : SE Page - 9 of 58
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The washing of a complete insulator of each E&M rating is to be carried out
at 3800 kPa with nozzles of 6 mm diameter at a distance of 3m from nozzles
to the insulator, the washing shall be carried out for 10minutes. There shall
be no damage to the sheath or metal fitting to housing interface. The
verification shall be done by 1 minute wet power frequency withstand test at
680kV r.m.s for 400KV.

e) Brittle fracture resistance test

The test arrangement shall be according to Damage limit proof test with
simultaneous application of 1N-HNO3 acid directly in contact with naked FRP
rod. The contact length of acid shall not be less than 40mm and thickness
around the core not less than 10mm.The rod shall withstand 80% of SML for
96 hours.

f) Dye penetration test as per IEC: 61109-2008

g) Water diffusion test as per IEC: 61109-2008

h) Tracking and erosion test as per IEC: 61109-2008.

i) Hardness test as per IEC: 61109-2008.

i) Accelerated weathering test as per IEC: 61109-2008.

k) Flammability test as per IEC: 61109-2008.

[) Silicone content test

Minimum content of silicone shall be 30% and the same shall be verified
through FT-IR spectroscopy & TGA analysis or any other approved/
acceptable method.

m) Recovery of Hydrophobicity test

1.  The surface of selected samples shall be cleaned with isopropyl alcohol.
Allow the surface to dry and spray with water. Record the HC classification.
Dry the sample surface.

2. Treat the surface with corona discharges to destroy the hydrophobicity.
This can be done utilizing a high frequency corona tester, Holding the
electrode approximately 3mm from the sample surface, slowly move the
electrode over an area approximately 1” x 1”. Continue treating this area
for 2 — 3 minutes, operating the tester at maximum output.

3. Immediately after the corona treatment, spray the surface with water and
record the HC classification. The surface should be hydrophilic, with an HC
value of 6 or 7. If not, dry the surface and repeat the corona treatment for a
longer time until an HC of 6 or 7 is obtained. Dry the sample surface.

4. Allow the sample to recover and repeat the hydrophobicity measurement at
several time intervals. Silicone rubber should recover to HC 1 — HC 2 within
24 to 48 hours, depending on the material and the intensity of the corona

treatment.

n) Torsion test
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Three complete insulators of each electrical and mechanical rating shall be
subjected to a torsional load of 55Nm. The torsional strength test shall be
made with test specimen adequately secured to the testing machine. The
torsional load shall be applied to the test specimen through a torque member
so constructed that the test specimen is not subjected to any cantilever
stress. The insulator after torsion test must pass the Dye Penetration Test as
per IEC 61109.

0) Accelerated ageing test of 5000hrs as described in appendix-C of IEC 61109
or Test at multiple stresses of 5000 hrs as described in Annex-B of IEC -
62217
24.3.2 Acceptance Tests:

For Composite Long Rod Polymer Insulators

a. Verification of dimensions IEC : 61109-2008

b. Galvanizing test IEC : 60383

C. Verification of end fittings IEC : 61109-2008

d. Recovery of Hydrophobicity As per Cl. 2.4.3.1.2.m)
above

e. Verification of tightness of interface | IEC : 61109-2008
between end fittings and insulator
housing and of specified mechanical load

f. Silicone content test As per Cl. 2.4.3.1.2.1)
above

g. Brittle fracture resistance test As per Cl. 2.4.3.1.2.¢e)
above

h. Dye penetration test IEC : 61109-2008

i. Water diffusion test IEC : 61109-2008

In the event of failure of the sample to satisfy the acceptance test(s) specified in
2.4.3.2 above, the re-test procedure shall be as per IEC 61109.

2.4.3.3 Routine Tests

For Composite Long Rod Polymer Insulator Units

a) Visual Examination As per |IEC:61109-2008
b) Mechanical routine test As per |IEC:61109 -2008
244 Guaranteed Technical Particulars for Composite Long Rod Polymer
Insulators

The technical parameters for composite long rod polymer insulator string
shall be same of the insulator string specified in clause 2.3.2 of this
section.
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AAC /| ACSR CONDUCTOR
Details of AAC Conductor

The Conductor shall conform to IEC: 61089/IS: 398 (Part V) - 1992 except where
otherwise specified herein.

The contractor shall supply the conductor as per the standard guaranteed technical
particulars enclosed in Annexure-E of the technical specification, Section —
Switchyard Erection and separate approval for guaranteed technical particulars is
not required during detailed engineering.

Details of ACSR Conductor

The Conductor shall conform to IEC: 61089/IS: 398 (Part V) - 1992 except where
otherwise specified herein.

The details of the ACSR Bersimis, ACSR Moose, ACSR Zebra and ACSR Panther
conductors shall be as per the standard guaranteed technical particulars enclosed in
Annexure-E of the technical specification, Section — Switchyard Erection and
separate approval for guaranteed technical particulars is not required during
detailed engineering.

Workmanship

The finished conductor shall be smooth, compact, uniform and free from all
imperfections including kinks (protrusion of wires), wire cross over, over riding,
looseness (wire being dislocated by finger/hand pressure and/or unusual bangle
noise on tapping), material inclusions, white rust, powder formation or black spot (on
account of reaction with trapped rain water etc.), dirt, grit etc.

All the Aluminium and steel strands shall be smooth, uniform and free from all
imperfections, such as spills and splits, diemarks, scratches, abrasions, etc., after
drawing.

The steel strands shall be hot dip galvanised and shall have a minimum zinc coating
as indicated in the guaranteed technical particulars. The zinc coating shall be
smooth, continuous and of uniform thickness, free from imperfections and shall
withstand minimum three dips in standard Preece test. The steel wire rods shall be of
such quality and purity that, when drawn to the size of the strands specified and
coated with zinc, the finished strands and the individual wires shall be of uniform
quality and have the same properties and characteristics as prescribed in IEC:
60888.

The steel strands shall be preformed and post formed in order to prevent spreading
of strands in the event of cutting of composite core wire. Care shall be taken to
avoid, damages to galvanisation during pre-forming and post-forming operation.
Joints in Wires

Aluminium Wires

During stranding, no aluminium wire welds shall be made for the purpose of
achieving the required conductor length.
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3.4.1.2 No joints shall be permitted in the individual wires in the outer most layer of the
finished conductor. However joints are permitted in the inner layer of the conductor
unavoidably broken during stranding, provided such breaks are not associated with
either inherently defective wire or with the use of short lengths of aluminium wires.
Such joints shall not be more than four (4) per conductor length and shall not be
closer than 15 meters from joint in the same wire or in any other aluminium wire of
the completed conductor.

3.41.3 Joints shall be made by cold pressure butt welding and shall withstand a stress of
not less than the breaking strength of individual strand guaranteed.

3.4.2 Steel Wires
There shall be no joint of any kind in the finished wire used for the manufacturing
of the strand. There shall also be no strand joints or strand splices in any length of
the completed stranded steel core of the conductor.

3.5 Tolerances
The manufacturing tolerances to the extent indicated in the guaranteed technical
particulars shall be permitted in the diameter of individual aluminium and steel
strands and lay-ratio of the conductor.

3.6 Materials

3.6.1 Aluminium
The aluminium strands shall be hard drawn from electrolytic aluminium rods having
purity not less than 99.5% and a copper content not exceeding 0.04%. They shall
have the same properties and characteristics as prescribed in IEC:60889.

3.6.2 Steel
The steel wire strands shall be drawn from high carbon steel wire rods produced by
either the acid or the basic open-hearth process, the electric furnace process, or the
basic oxygen process and shall conform to the chemical composition indicated in the
guaranteed technical particulars.
The Steel wire strands shall have the same properties and characteristics as
prescribed for regular strength steel wire in IEC: 60888.

3.6.3 Zinc
The zinc used for galvanising shall be electrolytic High Grade Zinc of 99.95% purity.
It shall conform to and satisfy all the requirements of 1S:209 -1979.

3.7 Standard Length

3.7.1 The conductor shall be supplied as required. No joint shall be allowed within a single
span of stringing, jumpers and equipment interconnection.

3.8 Tests:

3.8.1 The following type, acceptance & routine tests and tests during manufacturing shall
be carried out on the conductor.
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3.8.1.1 Type Tests

In accordance with the stipulation of specification, the following type tests reports of
the conductor shall be submitted for approval as per clause 9.2 of Section -GTR.

a) UTS test on stranded
conductor.
b) Corona extinction As per Annexure-A

voltage test (dry)

(c) Radio Interference
voltage test (dry)

(d) DC resistance test
on stranded conductor

— N e N N e N N S

3.8.1.2 Acceptance Tests

a) Visual check for joints,
scratches etc. and
lengths of conductor

As per Annexure - A

~— — ~—

b) Dimensional check on
steel and aluminium
strands
c) Check for lay ratios -do-

of various layers

d) Galvanising test on steel
strands
e) Torsion and Elongation

— N N N N S S N S S N N

test on steel strands

f) Breaking load test on )
steel and aluminium )
strands )
)

9) Wrap test on steel and ) As per IEC:60888 & 60889
)

aluminium strands

h) DC resistance test on ) As per IEC:60889
aluminium strands )

i) UTS test on welded ) As per Annexure - A
joint of aluminium
strands )

NOTE:

All the above tests except test mentioned at (a) shall be carried out on aluminium
and steel strands after stranding only.
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3.8.1.3 Routine Tests

a) Check to ensure that the joints are as per specification.

b) Check that there are no cuts, fins etc. on the strands.

c) All acceptance tests as mentioned above to be carried out on each
coil/drum (as applicable).

3.8.1.4 Tests During Manufacture
a) Chemical analysis of )

zinc used for galvanising )

)

b) Chemical analysis of )
aluminium used for ) As per Annexure - A

making aluminium strands )

)

c) Chemical analysis of )

steel used for making )

steel strands )

4.0 Galvanised Steel Earth wire

41 Details of Earth wire

4.1.1 The galvanised steel earth wire shall generally conform to the specification of ACSR

core wire as mentioned in IEC:60888/IS: 398 (Part-11)-1976 except where otherwise
specified herein.
The contractor shall supply the earthwire as per the standard guaranteed technical
particulars enclosed in Annexure-E of the technical specification, Section -
Switchyard Erection and separate approval for guaranteed technical particulars is
not required during detailed engineering.

4.2 Workmanship

4.21 All steel 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.

4.2.2 The finished material shall have minimum brittleness as it will be subjected to
appreciable vibration while in use.

4.2.3 The steel strands shall be hot dip galvanised and shall have minimum Zinc coating
after stranding, as stipulated in guaranteed technical particulars attached with. The
zinc coating shall be smooth, continuous, of uniform thickness, free from
imperfections. The steel wire rod shall be of such quality and purity that, when drawn
to the size of the strands specified and coated with zinc, the finished strands shall be
of uniform quality and have the same properties and characteristics as prescribed in
ASTM designation B498-74.

424 The steel strands shall be preformed and post formed in order to prevent spreading
of strands while cutting of composite earth wire. Care shall be taken to avoid damage
to galvanisation during preforming and postforming operation.

425 To avoid susceptibility towards wet storage stains (white rust), the finished material
shall be provided with a protective coating of boiled linseed oil.
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4.3 Joints in Wires
There shall be no joints of any kind in the finished steel wire strand entering into the
manufacture of the earth wire. There shall be no strand joints or strand splices in any
length of the completed stranded earth wire.
4.4 Tolerances
The manufacturing tolerance to the extent of the limits as stipulated in guaranteed
Technical Particulars attached with this specification shall only be permitted in the
diameter of the individual steel strands and lay length of the earth wire.
4.5 Materials
4.51 Steel
The steel wire strands shall be drawn from high carbon steel rods and the chemical
composition shall conform to the requirements as stipulated in Guaranteed Technical
Particulars attached with.
452 Zinc
The zinc used for galvanising shall be electrolytic High Grade Zinc. It shall conform
to and satisfy all the requirements of IS: 209 -1979.
4.6 Standard Length
461 The standard length of the earth wire shall be as stipulated in Guaranteed Technical
Particulars attached with, with the specified tolerance on standard length.
4.8 TESTS
4.8.1 The following type, routine & acceptance tests and tests during manufacturing shall
be carried out on the earthwire.
4.8.2 TYPE TESTS
In accordance with the stipulation of specification, the following type tests reports
of the earthwire shall be submitted for approval as per clause 9.2 of Section -
GTR.
a) UTS test
) As per Annexure - B
b) DC resistance test )
4.8.3 ACCEPTANCE TESTS
a) Visual check for joints, )
scratches etc. and )
length of Earthwire )
)
b) Dimensional check ) As per Annexure - B
)
c) Galvanising test )
)
d) Lay length check )
)
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e) Torsion test )

f) Elongation test

~— — ~—

g) Wrap test

h) DC resistance test )
) 1S:398 (Part-Ill) - 1976
i) Breaking load test )
)
i) Chemical Analysis of )
steel
4.8.4 ROUTINE TESTS
a) Check that there are no cuts, fins etc. on the strands.
b) Check for correctness of stranding.
4.8.5 TESTS DURING MANUFACTURE
a) Chemical analysis of ) As per Annexure - B
zinc used for galvanising )
)
b) Chemical analysis of steel )
5.0 ALUMINIUM TUBE
51 General
Aluminium used shall be grade 63401 WP (range 2) conforming to 1S:5082.
The contractor shall supply the aluminium tubes as per the standard guaranteed
technical particulars enclosed in Annexure-E of this section and separate
approval for guaranteed technical particulars is not required during detailed
engineering.
5.2 Constructional Features
5.2.1 For outer diameter (OD) & thickness of the tube there shall not be any negative
tolerance, other requirements being as per IS: 2678 and IS: 2673.
5.2.2 The welding of aluminium tube shall be done by the qualified welders duly
approved by the Employer.
5.3 Tests
In accordance with stipulations of the specification, Routine tests shall be
conducted on tubular bus conductors as per 1S:5082. Also the wall thickness and
ovality of the tube shall be measured.
54 Technical Parameters
Sl. Description 3” AL. 4” AL. 4.5” AL. 5” AL.
No. TUBE TUBE TUBE TUBE
1. | Type 3" IPS 4" IPS 4.5" IPS 5" IPS
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(EH Type) | (EH Type) | (EH Type) (H Type)
2. | Outer diameter 88.9 mm 114.2mm | 120.00 mm | 141.30 mm
3. | Thickness 7.62 mm 8.51 mm 12.00 mm 9.53 mm
4. | Cross-sectional 1945.76 2825.61 4071.50 3945.11
area of sg.mm sq.mm sq.mm sg.mm
aluminium
5. | Weight 5.25 kg/m 7.7 kg/m | 11.034 kg/m | 10.652 kg/m
Sl. Description 6” AL. TUBE 8” AL. TUBE 10” AL. TUBE
No.
1. | Type 6” IPS 8" IPS 10” IPS
(H Type) (H Type) (H Type)
2. | Outer diameter 150 mm 202 mm 252 mm
3. | Thickness 10 mm 16 mm 17 mm
4. | Cross-sectional 4398.2 9349.3 12550.6
area of Sg mm sg.mm sg.mm
aluminium
5. | Weight 11.875 kg/m 25.243 kg/m 33.887 kg/m
6.0 EARTHING CONDUCTORS
6.1 General

All conductors burried in earth and concrete shall be of mild steel. All conductors

above ground level and earthing leads shall be of galvanised steel, except for

cable trench earthing. The minimum sizes of earthing conductor to be used are
as indicated in clause 9.4 of this Section.

6.2 Constructional Features

6.2.1 Galvanised Steel

a) Steel conductors above ground level shall be galvanised according to
1S:2629.

b) The minimum weight of the zinc coating shall be 610 gm/sg.m for normal
area and 900 gm/sq.m for coastal area as specified in Section-
Project and minimum thickness shall be 85 microns.

c) The galvanised surfaces shall consist of a continuous and uniformly thick
coating of zinc, firmly adhering to the surfaces of steel. The finished
surface shall be clean and smooth and shall be free from defects like
discoloured patches, bare spots, unevenness of coating, spelter which is
loosely attached to the steel globules, spiky deposits, blistered surfaces,
flaking or peeling off etc. The presence of any of these defects noticed
on visual or microscopic inspection shall render the material liable to
rejection.

6.3 Tests
In accordance with stipulations of the specifications galvanised steel shall be
subjected to four one minute dips in copper sulphate solution as per IS : 2633.
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SPACERS
General

Spacers shall conform to IS: 10162. The spacers are to be located at a suitable
spacing to limit the short circuit forces as per IEC -60865. Wherever Employer's
765kV, 400 kV, 220kV & 132kV standard gantry structures are being used, the
spacer span(s) for different conductor / span configurations and corresponding
short circuit forces shall be as per Annexure-D. For strung buses, flexible type
spacers shall be used whereas for jumpers and other connections rigid type
spacers shall be used. All quad/twin conductors between equipments/ bus shall
be provided with at least one spacer.

Wherever Employer‘'s 765kV, 400 kV, 220kV & 132kV standard gantry structures
are not being used, necessary spacer span calculation shall be provided by the
contractor during detailed engineering for the approval of Employer.

Constructional Features

No magnetic material shall be used in the fabrication of spacers except for Gl
bolts and nuts.

Spacer design shall be made to take care of fixing and removing during
installation and maintenance.

The design of the spacers shall be such that the conductor does not come in
contact with any sharp edge.

Tests

Each type of spacers shall be subjected to the following type tests, acceptance
tests and routine tests:

Type Tests: Following type test reports shall be submitted for approval as
per clause 9.2 of Section - GTR.

a) Clamp slip tests

The sample shall be installed on test span of twin conductor bundle string
or quadruple conductor bundle string (as applicable) at a tension of 44.2
kN. One of the clamps of the sample when subjected to a longitudinal
pull of 2.5 kN parallel to the axis of the conductor shall not slip on the
conductor. The permanent displacement between the conductor and the
clamp of sample measured after removal of the load shall not exceed 1.0
mm. Similar tests shall be performed on the other clamps of the same
sample.

b) Fault current test as per Cl 5.14.2 of IS: 10162. Alternately, the same can
be carried by simulated short circuit method for which compressive forces
shall be based on IEC-60865.

C) Corona Extinction Voltage Test (Dry).
This test shall be performed on 765 kV, 400 kV and 220 kV spacers as

per procedure mentioned at Annexure - C, Minimum Corona Extinction
voltage shall be as per clause 2.3.2.
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d) RIV Test (Dry)
This test shall be performed as per procedure mentioned at Annexure - C,
Maximum RIV levels shall be as per clause 2.3.2.
e) Resilience test (if applicable)
f) Tension Test
9) Log decremant test (if applicable)
h) Compression test
i) Galvanising test
7.3.2 Acceptance Test (As per 1S:10162)
a) Visual examination
b) Dimensional verification
c) Movement test
d) Clamp slip test
e) Clamp bolt torque test (if applicable)
f) Assembly torque test
9) Compression test
h) Tension test
i) Galvanising test
i) Hardness test for neoprene (if applicable)
The shore hardness of different points on the elastometer surface of
cushion grip clamp shall be measured by shore hardness meter. It shall
be between 65 to 80.
k) Ultimate Tensile Strength Test
The UTS of the retaining rods shall be measured. It shall not be less than
35 kg/Sq. mm.
7.3.3 Routine test
a) Visual examination
b) Dimensional verification
8.0 BUS POST INSULATORS

The post insulators shall conform in general to latest IS: 2544, IEC-60168, IEC
60273 and IEC-60815.
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Constructional Features

Bus Post insulators shall consist of a porcelain part permanently secured in a
metal base to be mounted on the supporting structures. They shall be capable of
being mounted upright. They shall be designed to withstand any shocks to which
they may be subjected to by the operation of the associated equipment. Only
solid core insulators will be acceptable.

Porcelain used shall be homogeneous, free from lamination, cavities and other
flaws or imperfections that might affect the mechanical or dielectric quality and
shall be thoroughly vitrified, tough and impervious to moisture.

Glazing of the porcelain shall be of uniform brown in colour, free from blisters,
burrs and other similar defects.

The insulator shall have alternate long and short sheds with aerodynamic profile,
The shed profile shall also meet the requirements of IEC-60815 for the specified
pollution level.

When operating at normal rated voltage there shall be no electric discharge
between conductor and insulators which would cause corrosion or damage to
conductors or insulators by the formation of substance produced by chemical
action.

The design of the insulators shall be such that stresses due to expansion and
contraction in any part of the insulator shall not lead to deterioration.

All ferrous parts shall be hot dip galvanised in accordance with the latest edition
of IS: 2633, & IS: 2629. The zinc used for galvanising shall be grade Zn 99.95 as
per IS: 209. The zinc coating shall be uniform, adherent, smooth, reasonably
bright, continuous and free from imperfections such as flux ash, rust stains, bulky
white deposits and blisters. The metal parts shall not produce any noise
generating corona under the operating conditions.

a) Every bolt shall be provided with a hop dip galvanised steel washer under
the nut so that part of the threaded portion of the bolts is within the
thickness of the parts bolted together.

b) Flat washer shall be circular of a diameter 2.5 times that of bolt and of
suitable thickness. Where bolt heads/nuts bear upon the beveled
surfaces they shall be provided with square tapered washers of suitable
thickness to afford a seating square with the axis of the bolt.

C) All bolts and nuts shall be of steel with well formed hexagonal heads
forged from the solid and shall be hot dip galvanised. The nuts shall be
good fit on the bolts and two clear threads shall show through the nut
when it has been finally tightened up.

Bidder shall furnish drawings for the essential design features of assembly of
shells and metal parts, and number of shells per insulator.

Tests

In accordance with the stipulations of the specification, the post insulators shall
be subjected to type, acceptance, sample and routine tests as per IEC-60168.
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8.21 In accordance with the stipulation of specification, the following type tests
reports of the post insulators shall be submitted for approval as per clause 9.2 of
Section - GTR.

a) Power frequency withstand test (dry & wet)

b) Lightning impulse test (dry)

c) Switching impulse test (wet) (For 420 kV and above class Insulator only)

d) Measurement of R.I.V (Dry) (As per Annexure — C)

e) Corona extinction voltage test (Dry) (As per Annexure — C)

f) Test for deflection under load

g) Test for mechanical strength.

8.2.2 In addition to acceptance/sample/routine tests as per IEC-60168, the following
tests shall also be carried out.

a) Soundness test, metallurgical tests and magnetic particle Inspection
(MPI) test on MCI/SGI caps as acceptance test.

b) All hot dip galvanised components shall be subjected to check for
uniformity of thickness and weight of zinc coating on sample basis as an
acceptance test.

c) The bending test shall be carried out at 50% minimum cantilever strength
load in four directions as a routine test and at 100% minimum cantilever
strength load in four directions as an acceptance test.

d) Acceptance norms for visual defects allowed at site and also at works
shall be agreed in the Quality plan.

8.3 Technical Parameters of Bus Post Insulators.
Sl. | Description 800 kv 420 kV 245 kV 145 kV

No.

a) Type Solid Solid Solid Solid

Core Core Core Core

b) Voltage Class (kV) 800 420 245 145

c) Dry and wet one minute 830 680 460 275
power frequency
withstand voltage (kV
rms)

d) Dry lightning impulse +2100 +1425 +1050 +650
withstand Voltage (kVp)

e) Wet switching surge +1550 +1050 — —
withstand voltage (kVp)

f) Max. radio interference 1000 500 500 500
voltage (in microvolts) - at 508 kV | at 305 kV | at 156 kV | at 105 kV
Dry

9) Corona extinction voltage | 508 320 156 105
(kV rms) (min.)
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h) Cantilever Strength
(i) Total minimum cantilever | 800 800 800 600
strength (Kg)
i) Minimum torsional As per As per As per As per
moment IEC- IEC- IEC- IEC-
60273 60273 60273 60273
j) Total height of insulator 5700 3650 2300 1500
(mm)
K) P.C.D Top (mm) 225 127 127 127
Bottom (mm) 325 300 254 254
) No. of bolts
Top 4 4 4 4
Bottom 8 8 8 8
m) | Diameter of bolt/holes
(mm)
Top M16 M16 M16 M16
Bottom dia 18 18 18 18
n) Pollution level as per Heavy(lll) | Heavy(lll) | Heavy(lll) | Heavy(lll)
IEC-60815
0) Minimum total creepage | 20000 10500 6125 3165
distance for Heavy
Pollution (mm)

If corona extinction voltage is to be achieved with the help of corona ring or any
other similar device, the same shall be deemed to be included in the scope of the
Contractor. Aluminium used for corona ring shall be of grade 63401 or 19501
conforming to 1S:5082.

EARTHING

The earthing shall be done in accordance with requirements given hereunder and
drawing titled Earthing Details enclosed with the specification. The spacing for
the main earthmat shall be provided by the Employer and the earthmat layout
drawings shall be prepared by the contractor based on the spacing provided by
the Employer. The resistivity of the stone for spreading over the ground shall be
considered as 3000 ohm-m under wet condition. The resistivity measurement of
stone (to be used for stone spreading) shall also be done by the Contractor to
confirm the minimum resistivity value of stone considered in earth mat design.
For measurement purpose, one sample of stones from each source (in case
stones are supplied from more than one source) shall be used. The main
earthmat shall be laid in the switchyard area in accordance with the approved
earthmat layout.

Neutral points of systems of different voltages, metallic enclosures and frame
works associated with all current carrying equipments and extraneous metal
works associated with electric system shall be connected to a single earthing
system unless stipulated otherwise.

Earthing and lightning protection system installation shall be in strict accordance
with the latest editions of Indian Electricity Rules, relevant Indian Standards and
Codes of practice and Regulations existing in the locality where the system is
installed.

a) Code of practice for Earthing I1S: 3043
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b) Code of practice for the protection of Building and allied structures
against lightning IS: 2309.

c) CEA Safety Regulations 2010 & Indian Electricity Act 2003 with latest
amendments.

d) National Electricity Safety code IEEE-80.

9.4 Details of Earthing System
Sl. | ltem Size Material
No.

a) | Main Earthing Conductor to be 40mm dia Mild Steel rod

buried in ground as per 1S:2062/
SAE1018

b) | Conductor above ground& 75x12mm G.S. flat | Galvanised
earthing leads (for equipment) Steel

¢) | Conductor above ground& 75x12mm G.S. flat | Galvanised
earthing leads(for columns & aux. Steel
structures)

d) | Earthing of indoor LT panels, 50x6 mm G.S. flat | Galvanised
Control panels and outdoor Steel
marshalling boxes, Junction
boxes& Lighting Panels etc.

e) | Rod Earth Electrode 40mm dia, Mild Steel

3000mm long as per 1S:2062/
SAE1018

f) | Pipe Earth Electrode (in treated 40mm dia, Galvanised
earth pit) as per IS. 3000mm long steel

g) | Earthing for motors 25x3mm GS flat Galvanised

steel

h) | Earthing conductor along outdoor | 50x6mm MS flat Mild steel
cable trenches as per 1S:2062/

SAE1018

[) | Earthing of Lighting Poles 40 mm dia 3000 Mild steel rod
(for lighting poles outside mm long as per 1S:2062/
switchyard) SAE1018

j) | Isolator MOM Box 75X12 mm GS flat | Galvanised

& Flexible copper | steel and
braid copper braid
The sizes of the earthing conductor indicated above are the minimum sizes.

9.5 Earthing Conductor Layout

9.5.1 Earthing conductors in outdoor areas shall be buried at least 600 mm below
finished ground level unless stated otherwise.

9.5.2 Wherever earthing conductor crosses cable trenches, underground service
ducts, pipes, tunnels, railway tracks etc., it shall be laid minimum 300 mm below
them and shall be circumvented in case it fouls with equipment/structure
foundations.

9.5.3 Tap-connections from the earthing grid to the equipment/structure to be earthed
shall be terminated on the earthing terminals of the equipment/structure as per
-Standard Earthing Details — Drg No. C/ENG/STD/EARTHINGS/09” enclosed.
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Earthing conductors or leads along their run on cable trench, ladder, walls etc.
shall be supported by suitable welding/cleating at intervals of 750 mm. Wherever
it passes through walls, floors etc., PVC sleeves shall be provided for the
passage of the conductor and both ends of the sleeve shall be sealed to prevent
the passage of water through the sleeves.

Earthing conductor around the building shall be buried in earth at a minimum
distance of 1500 mm from the outer boundary of the building.

Earthing conductors crossing the road shall be laid 300mm below road or at
greater depth to suit the site conditions.

Earthing conductors embeded in the concrete shall have approximately 50mm
concrete cover.

ELECTRO-MAGNETIC FIELD CONTROL

The contractor shall provide galvanised steel earth wire at 8m level in the
area where three interconnection levels (equipment interconnection, bus &
jack bus interconnection) are present at 765kV switchyard to limit electric
and magnetic field within permissible limit.

Equipment and Structure Earthing

Earthing pads shall be provided for the apparatus/equipment at accessible
position. The connection between earthing pads and the earthing grid shall be
made by two short earthing leads (one direct and another through the support
structure) free from kinks and splices. In case earthing pads are not provided on
the item to be earthed, same shall be provided in consultation with Employer.

Whether specifically shown in drawings or not, steel/RCC columns, metallic stairs
etc. shall be connected to the nearby earthing grid conductor by two earthing
leads. Electrical continuity shall be ensured by bonding different sections of
hand-rails and metallic stairs.

Metallic pipes, conduits and cable tray sections for cable installation shall be
bonded to ensure electrical continuity and connected to earthing conductors at
regular interval. Apart from intermediate connections, beginning points shall also
be connected to earthing system.

Metallic conduits shall not be used as earth continuity conductor.

Wherever earthing conductor crosses or runs along metallic structures such as
gas, water, steam conduits, etc. and steel reinforcement in concrete it shall be
bonded to the same.

Light poles, junction boxes on the poles, cable and cable boxes/glands, lockout
switches etc. shall be connected to the earthing conductor running alongwith the
supply cable which in turn shall be connected to earthing grid conductor at a
minimum two points whether specifically shown or not.

Railway tracks within switchyard area shall be earthed at a spacing of 30m and
also at both ends.

Earthing conductor shall be buried 2000 mm outside the switchyard fence. All the
gates and every alternate post of the fence shall be connected to earthing grid.
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The stone spreading shall also be done 2000 mm outside switchyard fence. The
criterian for stone spreading shall be followed in line with requirement specified
elsewhere in the specification

Flexible earthing connectors shall be provided for the moving parts.

All lighting panels, junction boxes, receptacles fixtures, conduits etc. shall be
grounded in compliance with the provision of |.E. rules

A continuous ground conductor of 16 SWG Gl wire shall be run all along each
conduit run. The conductor shall be connected to each panel ground bus. All
junction boxes, receptacles, switches, lighting fixtures etc. shall be connected to
this 16 SWG ground conductor.

50mm x 6mm MS flat shall run on the top tier and all along the cable trenches
and the same shall be welded to each of the racks. Further this flat shall be
earthed at both ends and at an interval of 30 mtrs. The M.S. flat shall be finally
painted with two coats of Red oxide primer and two coats of Zinc riched enamel
paint.

One number 40 mm dia, 3000 mm long MS earth electrode with test link, ClI
frame and cover shall be provided to connect each down conductor of surge
arresters, capacitive voltage transformers, lightning masts and towers with peak.

Jointing

Earthing connections with equipment earthing pads shall be bolted type. Contact
surfaces shall be free from scale, paint, enamel, grease, rust or dirt. Two bolts
shall be provided for making each connection. Equipment bolted connections,
after being checked and tested, shall be painted with anti corrosive
paint/compound.

Connection between equipment earthing lead and main earthing conductors and
between main earthing conductors shall be welded type. For rust protections, the
welds should be treated with red oxide primer and afterwards coated with two
layers bitumen compound to prevent corrosion.

Steel to copper connections shall be brazed type and shall be treated to prevent
moisture ingression.

Resistance of the joint shall not be more than the resistance of the equivalent
length of the conductor.

All ground connections shall be made by electric arc welding. All welded joints
shall be allowed to cool down gradually to atmospheric temperature before put-
ting any load on it. Artificial cooling shall not be allowed.

All arc welding with large dia. conductors shall be done with low hydrogen
content electrodes.

The 75x12mm GS flat shall be clamped with the equipment support structures at
1000mm interval.
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Power Cable Earthing

Metallic sheaths and armour of all multi core power cables shall be earthed at
both equipment and switchgear end. Sheath and armour of single core power
cables shall be earthed at switchgear end only.

Specific Requirement for Earthing Systems

Each earthing lead from the neutral of the power transformer/Reactor shall be
directly connected to two numbers pipe electrodes in treated earth pit (as per IS)
which in turn, shall be buried in Cement Concrete pit with a ISI marked cast iron
cover hinged to a cast iron frame to have an access to the joints. All accessories
associated with transformer/reactor like cooling banks, radiators etc. shall be
connected to the earthing grid at minimum two points.

Earthing terminal of each lightning arrester & capacitor voltage transformer shall
be directly connected to rod earth electrode which in turn, shall be connected to
station earthing grid.

Auxiliary earthing mat comprising of 40mm dia M.S. rods closely spaced (300
mm x 300 mm) conductors shall be provided at depth of 300mm from ground
level below the operating handles of the M.O.M. Box of the isolators. M.O.M.
boxes shall be directly connected to the auxiliary earthing mat. Flexible copper
braid connection to be provided between MOM box and Gl flat to take care of soail
sagging. The size of auxiliary earthing mat shall be of 1500mmx1500mm size for
220kV and above voltage class isolators and 900mmx900mm size for 132kV and
below voltage class isolators. Factory welded auxiliary earthmat is preferable.

Insulating mats

The scope covers supply and laying of insulating mats of -elass A” conforming to
IS: 15652-2006.

These insulating mats shall be laid in front of all floor mounted AC and DC
switchboards and control & relay panels located in control room building/
Switchyard panel room.

The insulating mats shall be made of elastomer material free from any insertions
leading to deterioration of insulating properties. It shall be resistant to acid, oil
and low temperature.

Upper surface of the insulating mats shall have small aberration (rough surface
without edges) to avoid slippery effects while the lower surface shall be plain or
could be finished slip resistant without affecting adversely the dielectric property
of the mat.

Insulating mat (wherever applicable) shall be of pastable type, to be fixed
permanently on the front of the panels except for the chequered plate area which
shall not be pasted as per requirement. The insulating mats shall generally be
fixed and joints shall be welded as per recommendations in Annexure-A of IS:
15652.

Width of insulating mats shall generally be of 1.5 meters or as per site
requirements. Length shall be supplied as per site requirements.

The insulating mats offered shall conform to IS: 15652-2006.
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Bus Bars

The brief description of the bus switching scheme, bus bar layout and equipment
connection to be adopted are indicated elsewhere in the specification. The bus
bar arrangements are shown in electrical layout drawings enclosed with the bid
documents.

The Contractor shall furnish supporting calculations where the design is to be
done by the contractor for the bus bars/conductors to show adequacy of design
parameters for:

a) Fibre-stress (applicable for aluminum tube)

b) Cantilever strength of post insulators (applicable for aluminum tube)
c) Aeolain vibrations (applicable for aluminum tube)

d) Vertical deflection of bus bars (applicable for aluminum tube)

e) Short circuit forces in bundle conductor and spacer location for each span
of ACSR conductor stringing as per layout drawings.

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 subject to Employer‘s approval. Material for welding sleeve shall be same as
that of Aluminium tube. Welding sleeve shall be of 600mm length

Corona bells shall be provided wherever the bus extends beyond the clamps and
on free 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 a small drain hole in the corona bell. The material of Corona bell shall be
Aluminium alloy similar to that of clamps & connectors.

To minimise the vibrations in the aluminium tubes, damping conductor shall be
provided inside the aluminium tubes. For this purpose, the cut pieces of ACSR
conductor which otherwise are considered wastages, shall be used as damping
conductor.

Details of past experience of the persons proposed to be employed for
Aluminium tube welding and the test reports of the welded pieces to prove the
electrical and mechanical characteristics shall also be furnished to Employer.
Welding at site shall be done by adopting a qualified procedure and employing
qualified welders as per ASME-Section IX.

Joints shall be avoided in strung bus to avoid joint failure / hot spots and
hardwares to be designed accordingly.

BAY EQUIPMENT

The disposition of various bay equipments shall be as per single line diagrams
and layout drawings.

Bay Marshalling Kiosk:-

Bay marshalling kiosk shall be fabricated from 304 grade stainless steel of
minimum thickness of 1.6mm. For other constructional details, technical
specification of section-GTR shall be referred. Further, for stainless steel
type bay marshaling kiosk, no painting is envisaged.
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One no. of bay marshalling kiosk shall be provided for each 765 kV, 400 kV, 220
kV and 132 kV bay under present scope. For one and half breaker scheme, one
number bay marshalling kiosk shall be provided for each controlling feeder (Line/
transformer/ bus reactor etc) of the diameter and no bay marshalling kiosks are
required to be provided for the tie bays. In addition to the requirements specified
elsewhere in the specification, the bay marshalling kiosk shall have two distinct
compartments for the following purpose:-

For 765kV , 400 kV & 220 kV Bays

(i) To receive two incoming 415V, 3 phase, 63Amps, AC supply with auto
changeover and MCB unit and distribute minimum nine (9) numbers
outgoing 415V, 3 phase, 16 Amps AC supplies controlled by MCB.

(ii) To distribute minimum two numbers outgoing 415V, 63Amps three phase
supplies to be controlled by MCB to be drawn from above 3 phase
incomers for supply to switchyard panel rooms.

(iii) To distribute minimum ten numbers outgoing 240V, 10 Amps single

phase supplies to be controlled by MCB to be drawn from above 3 phase
incomers.

(iv) Necessary Terminal Blocks for terminating cables from ACDB and
necessary heating circuits.

For 132kV & 66 kV_Bays

(i) To receive two incoming 415V, 3 phase, 63Amps, AC supply with auto
changeover and MCB unit and distribute minimum four (4) number
outgoing 415V, 3 phase, 16 Amps AC supplies controlled by MCB.

(i) To distribute minimum six (6) numbers outgoing 240V, 10 Amps single
phase supplies to be controlled by MCB to be drawn from above 3 phase
incomers.

(iii) 100 nos. terminal blocks in vertical formation for interlocking facilities for
substations without automation system.

(iv) Necessary Terminal Blocks for terminating cables from ACDB and
necessary heating circuits.

Further, all Bay Marshalling Kiosks shall be erected such that a minimum height
of 1000mm is maintained between FGL & bottom of the marshalling box. Size of
Marshalling box shall be such that cables are properly terminated and wires are
dressed with provision of loop.

BAY AND PHASE IDENTIFICATION

The name plate for the bays shall be provided by the contractor as per standard
drawing (Drawing no. C/ENG/STD/BAY NAME PLATE) enclosed in this technical
specification.

All the phases are to be identified by painting the structures Red, Yellow and
Blue by reflecting colour as per as built condition. Phase identification colour is to
be provided around the top of the structure with colour band of 100 mm width at
a height of approximately 2000mm from the finished ground level.
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LIGHTNING PROTECTION

Direct stroke lightning protection (DSLP) shall be provided in the EHV switchyard
by lightning masts and shield wires. The layout drawings enclosed indicate the
tentative arrangement. The final arrangement shall be decided after approval of
the DSLP calculations.

The lightning protection system shall not be in direct contact with underground
metallic service ducts and cables.

Conductors of the lightning protection system shall not be connected with the
conductors of the safety earthing system above ground level.

Down conductors shall be cleated on the structures at 2000 mm interval.

Connection between each down conductor and rod electrodes shall be made via
test joint (pad type compression clamp) located approximately 1500 mm above
ground level. The rod electrode shall be further joined with the main earthmat.

Lightning conductors shall not pass through or run inside G.I. conduits.

Lightning protection shall also be provided for various buildings like control
building, FFPH, Township buildings as per relevant standard.

EQUIPMENT ERECTION DETAILS

All circuit breaker and isolator erection shall be done under the supervision of
equipment manufacturer and erection of all switchyard equipments shall be done
as per POWERGRID approved Field Quality Plan (FQP) and as per provision of
Technical Specification.

For equipment interconnection, the surfaces of equipment terminal pads,
Aluminium tube, conductor & terminal clamps and connectors shall be properly
cleaned. After cleaning, contact grease shall be applied on the contact surfaces
of equipment terminal pad, Aluminium tube/conductor and terminal clamps to
avoid any air gap in between. Subsequently bolts of the terminal pad/terminal
connectors shall be tightened and the surfaces shall be cleaned properly after
equipment interconnection.

Muslin or leather cloth shall be used for cleaning the inside and outside of hollow
insulators.

All support insulators, circuit breaker interrupters and other fragile equipment
shall preferably be handled with cranes having suitable booms and handling
capacity.

Bending of Aluminium tube and compressed air piping if any should be done by a
bending machine and through cold bending only. Bending shall be such that
inner diameter of pipe is not reduced.

All welding done at site for equipment and structures, shall be painted with zinc
rich paint immediately to avoid corrosion.

Cutting of the pipes wherever required shall be such as to avoid flaring of the
ends. Hence only a proper pipe cutting tool shall be used. Hack saw shall not be
used.

Handling of equipment shall be done strictly as per manufacturer's/supplier‘s

Technical Specification, Section : SE Page - 30 of 58
C/ENGG/SPEC/SE REV.NO: 10 (Apr16)



13.8

13.9

14.0

14.1

15.0

15.1

15.1.1

15.1.2

15.1.3

15.1.4

15.1.5

15.1.6

15.2

15.2.1

15.2.2

15.2.3

SECTION - (SE)
SWITCHYARD ERECTION

instructions/instruction manual.

Handling equipment, sling ropes etc. should be tested periodically before
erection for strength.

The slings shall be of sufficient length to avoid any damage to insulator due to
excessive swing, scratching by sling ropes etc.

STORAGE

The Contractor shall provide and construct adequate storage shed as per the
Filed Quality Plan for proper storage of equipments, where sensitive equipments
shall be stored indoors. All equipments during storage shall be protected against
damage due to acts of nature or accidents. The storage instructions of the
equipment manufacturer/Employer shall be strictly adhered to. POWERGRID
approved Field Quality Plan shall be followed alongwith the provision of
Technical Specification for storage.

CABLING MATERIAL
CABLE TAGS AND MARKERS

Each cable and conduit run shall be tagged with numbers that appear in the
cable and conduit schedule.

The tag shall be of aluminium with the number punched on it and securely
attached to the cable conduit by not less than two turns of 20 SWG Gl wire
conforming to 1S:280. Cable tags shall be of rectangular shape for power cables
and of circular shape for control cables.

Location of cables laid directly underground shall be clearly indicated with cable
route marker made of galvanised iron plate.

Location of underground cable joints shall be indicated with cable route marker
with an additional inscription -Gable joints”.

The cable route marker shall project 150 mm above ground and shall be spaced
at an interval of 30 meters and at every change in direction. They shall be
located on both sides of road and drain crossings as per relevant standard.

Cable tags shall be provided on all cables at each end (just before entering the
equipment enclosure), on both sides of a wall or floor crossing, on each
duct/conduit entry and at each end & turning point in cable tray/trench runs.
Cable tags shall be provided inside the switchgear, motor control centres, control
and relay panels etc., wherever required for cable identification, where a number
of cables enter together through a gland plate.

Cable Supports and Cable Tray Mounting Arrangements

The Contractor shall provide embedded steel inserts on concrete floors/walls to
secure supports by welding to these inserts or available building steel structures.

The supports shall be fabricated from standard structural steel members.

Insert plates will be provided at an interval of 750 mm wherever cables are to be
supported without the use of cable trays, such as in trenches, while at all other
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places these will be at an interval of 2000 mm.

Vertical run of cables on equipment support structure shall be supported on
perforated cable trays of suitable width which shall be suitably bolted/clamped
with the equipment support structure.

Cable Termination and Connections

The termination and connection of cables shall be done strictly in accordance
with cable and termination kit manufacturer's instructions, drawing and/or as
directed by the Employer.

The work shall include all clamping, fittings, fixing, plumbing, soldering, drilling,
cutting, taping, heat shrinking (where applicable), connecting to cable terminal,
shorting and grounding as required to complete the job.

Supply of all consumable material shall be in the scope of Contractor.

The equipment will be generally provided with undrilled gland plates for
cables/conduit entry. The Contractor shall be responsible for drilling of gland
plates, painting and touching up. Holes shall not be made by gas cutting.

Control cable inside control panel/switchgear/MCCB/MCC/ miscellaneous panels
shall be neatly bunched, clamped and tied with nylon strap or PVC perforated
strap to keep them in position.

The Contractor shall use printed ferrules for control cable cores at all
terminations, as instructed by the Employer. Each cable wire shall be identified
with a number and detailed cable schedule may be prepared indicating the wire
numbers.

Spare cores shall be similarly encaped & tagged with cable numbers and coiled
up with end cap.

All cable entry points shall be sealed and made vermin and dust proof. Unused
openings shall be effectively closed.

Double compression type nickel plated (coating thickness not less than 10
microns) brass cable glands shall be provided by the Contractor for all power and
control cables to provide dust and weather proof terminations.

The cable glands shall conform to BIS:6121. They shall comprise of heavy duty
brass casting, machine finished and nickel plated, to avoid corrosion and oxida-
tion. Rubber components used in cable glands shall be neoprene and of tested
quality. Cable glands shall be of approved make.

The cable glands shall also be suitable for dust proof and weather proof
termination.

If the cable-end box or terminal enclosure provided on the equipment is found
unsuitable and requires modification, the same shall be carried out by the
Contractor, as directed by the Employer.

Crimping tool used shall be of approved design and make.

Control Cable lugs shall be tinned copper solderless crimping type conforming to
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I1S-8309 & 8394. Aluminium Bimetallic lugs for power cables as required shall be
used depending upon type of cables and terminations.

Solderless crimping of terminals shall be done by using corrosion inhibitory
compound. The cable lugs shall suit the type of terminals provided.

Storage and handling of Cable Drums

Cable drums shall be unloaded, handled and stored in an approved manner and
rolling of drums shall be avoided as far as possible. For short distances, the
drums may be rolled provided they are rolled slowly and in proper direction as
marked on the drum.

DIRECTLY BURIED CABLES

The Contractor shall construct the cable trenches required for directly buried
cables. The scope of work shall include excavation, preparation of sand bedding,
soil cover, supply and installation of brick or concrete protective covers, back
filling and ramming, supply and installation of route markers and joint markers.

The cable (power and control) between LT station, DG set location and fire
lighting pump house and control room shall be laid in the burried cable trenches.
In addition to the above, for lighting purpose also, buried cable trench can be
used in outdoor area.

Power cables from Main Switchboard to colony shall be laid in burried cable
trench. Location of cable termination point at colony shall be as per site condition
and shall be decided in consultation with Employer‘s site-in-charge. Power
Cables for oil filtration plant shall be laid in open cable trench or burried trench
upto transformer/reactor area and can be looped from adjacent receptacles
provided for power supply of oil filtration plant.

Cable route and joint markers and RCC warning covers shall be provided
wherever required. The voltage grade of cables shall be engraved on the marker.
Cable markers shall be grounded in a concrete base.

INSTALLATION OF CABLES

Cabling in the control room shall be done on ladder type cable trays for vertical
runs while cabling in switchyard area shall be done on angles in the trench.

All cables from bay cable trench to equipments including and all interpole cables
(both power and control) for all equipment, shall be laid in PVC pipes of minimum
50 mm nominal outside diameter of class 4 as per IS 4985 which shall be buried
in the ground at a depth of 250mm below finish formation level. Separate PVC
pipes shall be laid for control and power cables. Cable pull boxes of adequate
size shall be provided if required. For vertical runs on equipments, perforated
cable trays shall be provided for all equipments under scope of the
contract or any equipment to be provided by the owner (including for
owner supplied circuit breakers).

Cables shall be generally located adjoining the electrical equipment through the
pipe insert embedded in the floor. In the case of equipments located away from
cable trench either pipe inserts shall be embedded in the floor connecting the
cable trench and the equipment or in case the distance is small, notch/opening
on the wall shall be provided. In all these cases necessary bending radius as
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recommended by the cable manufacturer shall be maintained. Embedded pipes
shall be dressed properly at the equipment termination points.

Cable racks and supports shall be painted after installation with two coats of
metal primer (comprising of red oxide and zinc chromate in a synthetic medium)
followed by two finishing coats of aluminium paint. The red oxide and zinc
chromate shall conform to 1S:2074.

Suitable arrangement should be used between fixed pipe/cable trays and
equipment terminal boxes, where vibration is anticipated.

Power and control cables in the cable trench shall be laid in separate tiers. The
order of laying of various cables shall be as follows, for cables other than directly
buried.

a) Power cables preferably on top tiers.

b) Control instrumentation and other service cables in bottom tiers.

c) For cabling from control room to switchyard in main cable trench, cable
shall be laid such that bottom tiers are preferably filled first and top tiers
are kept for filling future cables as per the instructions of Engineer-In-
Charge.

For Single core cables in trefoil formation shall be laid with a distance of three
times the diameter of cable between trefoil centre lines. Further, for horizontal
cables a minimum centre to centre distance equal to twice the diameter of the
cable of higher size of cables shall be maintained.

Trefoil clamps for single core cables shall be of pressure die cast aluminium (LM-
6), Nylon-6 or fibre glass and shall include necessary fixing Gl nuts, bolts,
washer etc. These are required at every 2 metre of cable runs.

Power and control cables shall be securely fixed to the trays/supports with self
locking type nylon ties with de-interlocking facility at every 5 metre interval for
horizontal run. Vertical and inclined cable runs shall be secured with 25 mm
wide and 2 mm thick aluminium strip clamps at every 2m.

Cables shall not be bent below the minimum permissible limit. The permissible
limits are as follows:

Table of Cable and Minimum bending radius

Power cable 12D
Control cable 10D

D is overall diameter of cable

Where cables cross roads, drains and rail tracks, these shall be laid in reinforced
spun concrete or steel pipes buried at not less than one metre depth. The size of
hume/steel pipe shall be such that approximately 70% area is only occupied. For
meeting future requirement, additional hume/steel pipe shall be laid for future bay
provision.

In each cable run some extra length shall be kept at a suitable point to enable
one (for LT cables)/ two (for H.T. cables) straight through joints to be made in
case the cable develop fault at a later date.

Selection of cable drums for each run shall be so planned as to avoid using
straight through joints. Cable splices will not be permitted except where called for
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by the drawings, unavoidable or where permitted by the Employer. If straight
through joints are unavoidable, the Contractor shall use the straight through
joints kit of reputed make.

Control cable terminations inside equipment enclosures shall have sufficient
lengths so that changing of termination in terminal blocks can be done without
requiring any splicing.

Metal screen and armour of the cable shall be bonded to the earthing system of
the station, wherever required by the Employer.

Rollers shall be used at intervals of about two metres while pulling cables to
avoid damage.

All due care shall be taken during unreeling, laying and termination of cable to
avoid damage due to twist, kinks, sharp bends, etc.

Cable ends shall be kept sealed to prevent damage. In cable vault, fire resistant
seal shall be provided underneath the panels.

Inspection on receipt, unloading and handling of cables shall generally be in
accordance with 1S:1255 and other Indian Standard Codes of practices.

Wherever cable pass through floor or through wall openings or other partitions,
GI/PVC wall sleeves with bushes having a smooth curved internal surface so as
not to damage the cable, shall be supplied, installed and properly sealed by the
Contractor at no extra charges.

In case the outer sheath of a cable is damaged during handling/installation, the
Contractor shall repair it at his own cost to the satisfaction of the Employer. In
case any other part of a cable is damaged, the same shall be replaced by a
healthy cable at no extra cost to the Employer, i.e. the Contractor shall not be
paid for installation and removal of the damaged cable.

All cable terminations shall be appropriately tightened to ensure secure and
reliable connections. The Contractor shall cover the exposed part of all cable
lugs whether supplied by him or not with insulating tape, sleeve or paint.

Cable trays

i) The cable trays shall be of G.S Sheet and minimum thickness of sheet
shall be 2mm.

i) The Contractor shall perform all tests and inspection to ensure that
material and workmanship are according to the relevant standards.
Contractor shall have to demonstrate all tests as per specification and
equipment shall comply with all requirements of the specification.

a) Test for galvanising (Acceptance Test)
The test shall be done as per approved standards.

Conduits, Pipes and Duct Installation
Contractor shall supply and install all rigid conduits, mild steel pipes, flexible

conduits, hume pipes etc. including all necessary sundry materials such as tees,
elbows, check nuts, bushing, reducers, enlargers, coupling cap, nipples, gland
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sealing fittings, pull boxes etc as required. The size of the conduit/pipe shall be
selected on the basis of 40% fill criterion.

Contractor shall have his own facility for bending, cutting and threading the
conduits at site. Cold bending should be used. All cuts & threaded ends shall be
made smooth without leaving any sharp edges. Anticorrosive paint shall be
applied at all field threaded portions.

All conduit/pipes shall be extended on both sides of wall/floor openings. The
fabrication and installation of supports and the clamping shall be included in the
scope of work by Contractor.

Installation of optical cables/ special cables:

Gl pipe (light grade) of suitable size (minimum 25 mm) along with required
bends, joints etc. shall be used for special cables such as cables for visual
monitoring system (VMS), substation automation system (SAS). Further,
single pipe can be used for laying multiple cables.

All conduits/pipes shall have their ends closed by caps until cables are pulled.
After cables are pulled, the ends of conduits/pipes shall be sealed in an approved
manner to prevent damage to threaded portions and entrance of moisture and
foreign material.

All unarmoured cables shall run within the conduits from lighting panels to
lighting fixtures, receptacles etc.

Size of conduit for lighting shall be selected by the Contractor during detailed
engineering.

Exposed conduits shall be run in straight lines parallel to building columns,
beams and walls. Unnecessary bends and crossings shall be avoided to present
a neat appearance.

Conduit supports shall be provided at an interval of 750mm for horizontal runs
and 1000mm for vertical runs.

Conduit supports shall be clamped on the approved type spacer plates or
brackets by saddles or U- bolts. The spacer plates or brackets in turn, shall be
securely fixed to the building steel by welding and to concrete or brick work by
grouting or by nylon rawl plugs. Wooden plug inserted in the masonary or
concrete for conduit support is not acceptable.

Embedded conduits shall be securely fixed in position to preclude any
movement. In fixing embedded conduit, if welding or brazing is used, extreme
care should be taken to avoid any injury to the inner surface of the conduit.

Spacing of embedded conduits shall be such as to permit flow of concrete
between them.

Where conduits are placed alongwith cable trays, they shall be clamped to
supporting steel at an interval of 600mm.

For directly embedding in soil, the conduits shall be coated with an asphalt-base
compound. Concrete pier or anchor shall be provided wherever necessary to
support the conduit rigidly and to hold it in place.
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Conduit shall be installed in such a way as to ensure against trouble from
trapped condensation.

Conduits shall be kept, wherever possible, at least 300mm away from hot pipes,
heating devices etc. when it is evident that such proximity may reduce the
service life of cables.

Slip joints shall be provided when conduits cross structural expansion joints or
where long run of exposed conduits are installed, so that temperature change will
cause no distortion due to expansion or contraction of conduit run.

For long conduit run, pull boxes shall be provided at suitable intervals to facilitate
wiring.

Conduit shall be securely fastened to junction boxes or cabinets, each with a lock
nut inside and outside the box.

Conduits joints and connections shall be made thoroughly water-tight and rust
proof by application of a thread compound which insulates the joints. White lead
is suitable for application on embedded conduit and red lead for exposed conduit.

Field bends shall have a minimum radius of four (4) times the conduit diameter.
All bends shall be free of kinks, indentations of flattened surfaces. Heat shall not
be applied in making any conduit bend. Separate bends may be used for this
purpose.

The entire metallic conduit system, whether embedded or exposed, shall be
electrically continuous and thoroughly grounded. Where slip joints are used,
suitable bounding shall be provided around the joint to ensure a continuous
ground circuit.

After installation, the conduits shall be thoroughly cleaned by compressed air
before pulling in the wire.

Lighting fixtures shall not be suspended directly from the junction box in the main
conduit run.

Cable Sealing System

Modular multi-diameter cable sealing system consisting of frames, blocks and
accessories shall be installed where the underground and over ground cables
enter or leave concrete bay kiosks/switchyard panel room & control rooms in the
substations. Cable sealing system shall consist of multi-diameter type peel-able
or adjustable blocks of different sizes to suit the various cables. It should be
simple, easy and quick to assemble & re-assemble the cable sealing system.
Solid blocks shall not be used on frame. Frames & stay-plate material shall be of
galvanized steel and for compression, single piece wedge with galvanized steel
bolts shall be used. 30% spare blocks on the frame shall be provided for
expansion in future. Cable sealing system should have been tested for
fire/lwater/smoke tightness.

Cable sealing system having earthing strip can alternately be used in place
of cable gland arrangement for indoor panels such as LCC, C&R, PLCC
panels etc.
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18.0 LIGHTING JUNCTION BOX

The Contractor shall supply and install ISI marked junction boxes complete with
terminals as required. The brackets, bolts, nuts, screws etc required for erection
are also included in the scope of the Contractor.

19.0 TESTING AND COMMISSIONING

19.1 All pre/commissioning activities and works work for substation equipment
shall be carried out in accordance with Employer's "Pre- Commissioning
procedures for Switchyard Equipments (Doc. No. D-2-01-03-01-03)" by the
contractor. This document shall be provided to the successful contractor
during detailed engineering stage. Test results in the prescribed formats
shall be duly filled by the contractor and shall be submitted to the Owner in
soft form (CD or Pen Drive)

The Contractor shall arrange all equipments instruments and auxiliaries required
for testing and commissioning of equipments alongwith calibration certificates.

19.2 GENERAL CHECKS
(a) Check for physical damage.
(b) Visual examination of zinc coating/plating.
(c) Check from name plate that all items are as per order/specification.

(d) Check tightness of all bolts, clamps and connecting terminals using
torque wrenches.

(e) For oil filled equipment, check for oil leakage, if any. Also check oil level
and top up wherever necessary.

(f) Check ground connections for quality of weld and application of zinc rich
paint over weld joint of galvanised surfaces.

(9) Check cleanliness of insulator and bushings.

(h) All checks and tests specified by the manufacturers in their drawings and
manuals as well as all tests specified in the relevant code of erection.

(i) Check for surface finish of grading rings (Corona control ring).
19.3 STATION EARTHING
a) Check soil resistivity

b) Check continuity of grid wires

c) Check earth resistance of the entire grid as well as various sections of the
same.
d) Check for weld joint and application of zinc rich paint on galvanised
surfaces.
e) Dip test on earth conductor prior to use.
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19.4 AAC/ACSR STRINGING WORK, TUBULAR BUS WORK AND POWER
CONNECTORS
a) Physical check for finish
b) Electrical clearance check
c) Testing of torque by torque wrenches on all bus bar power connectors
and other accessories.
d) Millivolt drop test on all power connectors.
e) Sag and tension check on conductors.
19.5 ALUMINIUM TUBE WELDING
a) Physical check
b) Millivolt drop test on all joints.
c) Dye penetration test & Radiography test on 10% sample basis on weld
joints.
c) Test check on 5% sample joints after cutting the weld piece to
observe any voids etc.
19.6 INSULATOR
Visual examination for finish, damage, creepage distance etc.
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ANNEXURE “A”
(Testing Procedure for ACSR/AAC Conductor)
UTS Test on Stranded Conductor

Circles perpendicular to the axis of the conductor shall be marked at two places
on a sample of conductor of minimum 5m length suitably compressed with dead
end clamps at either end. The load shall be increased at a steady rate upto 50%
of minimum specified UTS and held for one minute. The circles drawn shall not
be distorted due to Relative movement of strands. Thereafter the load shall be
increased at a steady rate to 100% of minimum specified UTS and held for one
minute. The conductor sample shall not fail during this period. The applied load
shall then be increased until the failing load is reached and the value recorded.

Corona Extinction Voltage Test

Two samples of conductor of 5m length shall be strung with a spacing of 450 mm
between them at a height not exceeding 8.0 m above ground. This assembly
shall be tested as per Annexure-C, Corona extinction voltage shall not be less
than 510 kV (rms) & 320 KV (RMS) Line to ground for 765 kV & 400 kV
respectively.

Radio Interference Voltage Test

Under the conditions as specified under (2.0) above, the conductor samples shall
have radio interference voltage as indicated in the guaranteed technical
particulars enclosed with. This test may be carried out with corona control rings
and arcing horns. The test procedure shall be in accordance with IEC-60437.

D.C Resistance Test on Stranded Conductor

On a conductor sample of minimum 5 m length two contact clamps shall be fixed
with a pre-determined bolt torque. The resistance shall be measured by a Kelvin
double bridge by placing the clamps initially zero metre and subsequently one
metre 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°C as per
clause no. 12.8 of 1S:398 (Part V)-1982. The resistance corrected at 20°C shall
conform to the requirements of this specification.

Chemical Analysis of Zinc

Samples taken from the zinc ingots shall be chemically/spectrographically
analysed. The same shall be in conformity to the requirements stated in this
specification.

Chemical Analysis of Aluminium and Steel

Samples taken from the Aluminium ingots/coils/strands shall be chemically/
spectrographically analysed. The same shall be in conformity to the require-
ments stated in this specification.

Visual Check for Joints, Scratches etc.

Conductor drums shall be rewound in the presence of the inspector. The
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inspector shall visually check for scratches, joints, etc. and that the conductor
generally conform to the requirements of this specification. The length of
conductor wound on the drum shall be measured with the help of counter meter
during rewinding.

Dimensional Check for Steel and Aluminium Strands.

The individual strands shall be dimensionally checked to ensure that they
conform to the requirements of this specification.

Check for Lay-ratios of various Layers.

The lay-ratios of various layers shall be checked to ensure that they conform to
the requirements of this Specification.

Galvanising Test

The test procedure shall be as specified in IEC:60888. The material shall conform
to the requirements of this Specification. The adherence of zinc shall be checked
by wrapping around a mandrel four times the diameter of steel wire.

Torsion and Elongation Tests on Steel Strands

The test procedures shall be as per clause No. 10.3 of IEC:60888. In torsion test,
the number of complete twists before fracture shall not be less than that indicated
in the GTP. In case test sample length is less or more than 100 times the
stranded diameter of the strand, the minimum number of twists will be
proportioned to the length and if number comes in the fraction then it will be
rounded off to next higher whole number. In elongation test, the elongation of the
strand shall not be less than 4% for a gauge length of 250 mm.

Procedure Qualification test on welded Aluminium strands
Two Aluminium wires shall be welded as per the approved quality plan and shall

be subjected to tensile load. The breaking strength of the welded joint of the wire
shall not be less than the breaking strength of individual strands.
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ANNEXURE “B”
(Testing procedure for Galvanised Steel Earthwire)
UTS TEST

Circles perpendicular to the axis of the earthwire shall be marked at two places
on a sample of earthwire of minimum 5m length suitably compressed with dead
end clamps at either end. The load shall be increased at steady rate upto 50% of
UTS and held for one minute. The circles drawn shall not be distorted due to
relative movement of strands. Thereafter, the load shall be increased at a steady
rate to 100% of UTS and held for one minute. The earthwire sample shall not fail
during this period. The applied load shall then be increased until the failing load
is reached and value recorded.

D.C. RESISTANCE TEST

On an earthwire sample of minimum 5m length, two contact clamps shall be fixed
with a predetermined Bolt torque. The resistance shall be measured by a 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°C shall
conform to the requirements of this specification.

Visual check for joints, scratches etc. and length of earthwire

Earthwire drums shall be rewound in the presence of the inspector. The
inspector shall visually check for joints, scratches etc. and see that the earthwire
generally conforms to the requirements of this specification. The length of
earthwire wound on the drum shall be measured with the help of counter meter
during rewinding.

TORSION TEST

The minimum number of twists which a single steel strand shall withstand during
torsion test shall be eighteen for a length equal to 100 times the standard
diameter of the strand. In case the test sample length is less or more than 100
times the standard diameter of the strand, the minimum number of twists will be
proportionate to the length and if number comes in the fraction then it will be
rounded off to next higher whole number.

DIMENSIONAL CHECK

The individual strands shall be dimensionally checked to ensure that they
conform to the requirements of this specification.

LAY LENGTH CHECK

The lay length shall be checked to ensure that they conform to the requirements
of this specification.

GALVANISING TEST

The test procedure shall as specified in 1S:4826-1968. The material shall
conform to the requirements of this specification. The adherence of zinc shall be
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checked by wrapping around a mandrel four times the diameter of steel wire.

8. CHEMICAL ANALYSIS OF ZINC USED FOR GALVANIZING

Samples taken from zinc ingots shall be chemically/spectrographically analysed.
The same shall be in conformity to the requirements stated in this specification.

9. CHEMICAL ANALYSIS OF STEEL

Samples taken from steel ingots/coils/strands shall be chemically/
spectrographically analysed. The same shall be in conformity to the requirements
stated in this specification.
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ANNEXURE-C
CORONA AND RADIO INTERFERENCE VOLTAGE (RIV) TEST

General

Unless otherwise stipulated, all equipment together with its associated connectors,
where applicable, shall be tested for external corona both by observing the voltage
level for the extinction of visible corona under falling power frequency voltage and by
measurement of radio interference voltage (RIV).

Test Levels:

The test voltage levels for measurement of external RIV and for corona extinction
voltage are listed under the relevant clauses of the specification.

Test Methods for RIV:

RIV tests shall be made according to measuring circuit as per International Special-
Committee on Radio Interference (CISPR) Publication 16-1(1993) Part -1. The
measuring circuit shall preferably be tuned to frequency with 10% of 0.5 Mhz but
other frequencies in the range of 0.5 MHz to 2 MHz may be used, the measuring
frequency being recorded. The results shall be in microvolts.

Alternatively, RIV tests shall be in accordance with NEMA standard Publication No.
107-1964, except otherwise noted herein.

In measurement of, RIV, temporary additional external corona shielding may be
provided. In measurements of RIV only standard fittings of identical type supplied
with the equipment and a simulation of the connections as used in the actual
installation will be permitted in the vicinity within 3.5 meters of terminals.

Ambient noise shall be measured before and after each series of tests to ensure
that there is no variation in ambient noise level. If variation is present, the lowest
ambient noise level will form basis for the measurements. RIV levels shall be
measured at increasing and decreasing voltages of 85%, 100% and 110% of the
specified RIV test voltage for all equipment unless otherwise specified. The
specified RIV test voltage for 765kV, 400kV, 220kV is listed in the detailed
specification together with maximum permissible RIV level in microvolts.

The metering instruments shall be as per CISPR recommendation or equivalent
device so long as it has been used by other testing authorities.

The RIV measurement may be made with a noise meter. A calibration procedure of
the frequency to which noise meter shall be tuned shall establish the ratio of voltage
at the high voltage terminal to voltage read by noisel meter.

Test Methods for Visible Corona [applicable for 400kV and above]

The purpose of this test is to determine the corona extinction voltage of apparatus,
connectors etc. The test shall be carried out in the same manner as RIV test
described above with the exception that RIV measurements are not required during
test and a search technique shall be used near the onset and extinction voltage,
when the test voltage is raised and lowered to determine their precise values. The
test voltage shall be raised to 110% of RIV test voltage and maintained there for five
minutes. In case corona inception does not take place at 110%, test shall be
stopped, otherwise test shall be continued and the voltage will then be decreased
slowly until all visible corona disappears. The procedure shall be repeated at least 4
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times with corona inception and extinction voltage recorded each time. The corona
extinction voltage for purposes of determining compliance with the specification shall
be the lowest of the four values at which visible corona (negative or positive polarity)
disappears. Photographs with laboratory in complete darkness shall be taken under
test conditions, at all voltage steps i.e. 85%, 100%, and 110%. Additional
photographs shall be taken at corona inception and extinction voltages. At least two
views shall be photographed in each case using Panchromatic film with an ASA
daylight rating of 400 with an exposure of two minutes at a lens aperture of /5.6 or
equivalent. The photographic process shall be such that prints are available for
inspection and comparison with conditions as determined from direct observation.
Photographs shall be taken from above and below the level of connector so as to
show corona on bushing, insulators and all parts of energised connectors. The
photographs shall be framed such that test object essentially, fills the frame with no
cut-off.

In case corona inception does not take place at 110%, voltage shall not be
increased further and corona extinction voltage shall be considered adequate.

The test shall be recorded on each photograph. Additional photograph shall be
taken from each camera position with lights on to show the relative position of test
object to facilitate precise corona location from the photographic evidence.

In addition to photographs of the test object preferably four photographs shall be
taken of the complete test assembly showing relative positions of all the test
equipment and test objects. These four photographs shall be taken from four points
equally spaced around the test arrangement to show its features from all sides.
Drawings of the laboratory and test set up locations shall be provided to indicate
camera positions and angles. The precise location of camera shall be approved by
Purchaser's inspector, after determining the best camera locations by ftrial
energisation of test object at a voltage which results in corona.

The test to determine the visible corona extinction voltage need not be carried out
simultaneously with test to determine RIV levels.

However, both test shall be carried out with the same test set up and as little time
duration between tests as possible. No modification on treatment of the sample
between tests will be allowed. Simultaneous RIV and visible corona extinction
voltage testing may be permitted at the discretion of Purchaser's inspector if, in his
opinion, it will not prejudice other test.

Test Records:

In addition to the information previously mentioned and the requirements specified
as per CISPR or NEMA 107-1964 the following data shall be included in test report:

a) Background noise before and after test.
b)  Detailed procedure of application of test voltage.
c) Measurements of RIV levels expressed in micro volts at each level.

d) Results and observations with regard to location and type of interference
sources detected at each step.

e) Test voltage shall be recorded when measured RIV passes through 100
microvolts in each direction.

f) Onset and extinction of visual corona for each of the four tests required shall
be recorded.
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ANNEXURE - D

A. SHORT CIRCUIT FORCES AND SPACER SPAN FOR 765kV GANTRY STRUCTURE

Sl. Max. Span Conductor Ph-Ph Normal SCF per Spacer
No. Configuration Spacing | Tension Phase span

I. | For Fault Level of 40kA/50 kA for 1 sec.

1. 54.0 mtr QUAD AAC BULL| 15 mtr 3.96 T 598 T 3.5 mtr
2. 56.0 mtr QUAD AAC BULL| 15 mtr 452 T 6.77 T 4.0 mtr
3. 87.9 mtr QUAD AAC BULL| 15 mtr 835T 11.22T 6.5 mtr
4. 104.0 mtr | QUAD AAC BULL| 15 mtr 9.00T 12.72T 7.5 mtr
5. 108.61 mtr | QUAD AAC BULL| 15 mtr 9.00T 12.72T 8.0 mtr

B. SHORT CIRCUIT FORCES AND SPACER SPAN FOR 400kV GANTRY STRUCTURE

Sl. Max. Span Conductor Ph-Ph Normal SCF per Spacer
No. Configuration Spacing | Tension Phase span
l. For Fault Level of 40 kA for 1 sec.

1. 54 mtr QUAD ACSR 7 mtr 4T 564 T 6 mtr
2. 70 mtr TWIN ACSR 7 mtr 4T 564 T 5 mitr
3. 54 mtr QUAD ACSR 6 mtr 4T 510T 5 mtr
4. 70 mtr TWIN ACSR 6 mtr 4T 510T 5 mitr
5. 48 mtr QUAD ACSR 6 mtr 4T 4.82T 5 mtr
6. 52.5 mtr QUAD ACSR 6 mtr 4T 4.85T 5 mtr
7. 56.5 mtr QUAD ACSR 6 mtr 4T 4.88T 5 mtr
8. 52.5 mtr TWIN ACSR 6 mtr 4T 4.97T 5 mitr
9. 56.5 mtr TWIN ACSR 6 mtr 4T 500T 5 mitr
Il. | For Fault Level of 50 kA for 1 sec.

1. 48 mtr QUAD AAC BULL| 6 mtr 4T 510T 4 mtr
2. 52.5 mtr QUAD ACSR 6 mtr 4T 518 T 4 mtr
3. 56.5 mtr QUAD ACSR 6 mtr 4T 520T 4 mtr
lll. | For Fault Level of 63 kA for 1 sec.

1. 48 mtr QUAD AAC BULL| 6 mtr 4T 6.00T 4 mtr
2. 52.5 mtr QUAD ACSR 6 mtr 4T 6.33T 4 mtr
3. 56.5 mtr QUAD ACSR 6 mtr 4T 6.37 T 4 mtr
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ANNEXURE - D

C. SHORT CIRCUIT FORCES AND SPACER SPAN FOR 220 kV GANTRY STRUCTURE

Sl. Max. Span Conductor Ph-Ph Normal SCF per Spacer
No. Configuration Spacing Tension Phase span
. For Fault Level of 40 kA for 1 sec.

1. 54 mtr QUAD ACSR 4.5 mtr 4T 500T 2.5 mtr
2. 54 mtr TWIN ACSR 4.5 mtr 2T 350T 2.5 mtr
3. 74 mtr TWIN ACSR 4.5 mtr 4T 500T 2.5 mtr
4, 54 mtr QUAD ACSR 4.0 mtr 4T 570 T 2.5 mtr
5. 54 mtr TWIN ACSR 4.0 mtr 2T 3.50T 2.5 mtr
6. 74 mtr TWIN ACSR 4.0 mtr 4T 570T 2.5 mtr
7. 48 mtr QUAD ACSR 4.0 mtr 4T 530T 2.5 mtr
8. 52 mtr QUAD ACSR 4.0 mtr 4T 535T 2.5 mtr
9. 68 mtr TWIN ACSR 4.0 mtr 4T 520T 2.5 mtr
10. 56 mtr QUAD ACSR 4.0 mtr 4T 550T 2.5 mtr
11. 72 mtr TWIN ACSR 4.0 mtr 4T 527T 2.5 mtr
Il. | For Fault Level of 50 kA for 1 sec.

1. 48 mtr QUAD ACSR 4.0 mtr 4T 541T 2.0 mtr
2. 52 mtr QUAD ACSR 4.0 mtr 4T 550T 2.0 mtr
3. 36 mtr TWIN ACSR 4.0 mtr 2T 350T 2.0 mtr

NOTE: ACSR conductor as mentioned above indicates that it is suitable for both ACSR
MOOSE as well as ACSR BERSIMIS conductor.

D. SHORT CIRCUIT FORCES AND SPACER SPAN FOR 132 kV GANTRY STRUCTURE

Sl. Max. Span Conductor Ph-Ph Normal SCF per Spacer

No. Configuration Spacing Tension Phase span

I For Fault Level of 31.5kA for 1 sec.

1. 36 mtr Twin Moose/ 3 mtr 1T 215T 2.5 mtr
Zebra ACSR

2. 31.5 mtr Twin Moose/ 2.7mtr 1T 215 T 2.5 mtr
Zebra ACSR

3. 48 mtr Single Moose/ 3 mtr 1T 205T NA
Zebra ACSR

4. 42 mtr Single Moose/ | 2.7 mtr 1T 203T NA
Zebra ACSR
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ANNEXURE-E

STANDARD TECHNICAL DATA SHEETS FOR AAC/ACSR CONDUCTORS,
GS EARTHWIRE AND ALUMINIUM TUBE

1.0 GENERAL

Employer has stardardised the guaranteed technical particulars for the following
AAC/ACSR conductors, Galvanised steel earthwire and aluminum tube. The
contractor shall supply the conductors as per the standard GTP mentioned below.
Any deviation to the following GTP shall be clearly brought out by the bidder in
their bid.

1.1 Guaranteed Technical Particulars (GTP) for conductors:

A. GTP of AAC BULL and AAC TARANTULA conductor:

SI. Description Unit | AAC BULL AAC
TARANTULA
1.0 Applicable Standard 1S:398
2.0 Raw Materials
21 Steel Wire / Rods
211 Aluminium
a) | Minimum purity of % 99.50 99.50
Aluminium
b) | Maximum copper % 0.04 0.04
content
3.0 Aluminum strands after stranding
3.1 Diameter
a) | Nominal mm | 4.25 5.23
b) | Maximum mm | 4.29 5.28
c) | Minimum mm | 4.21 5.18
3.2 Minimum breaking load of strand
a) | Before stranding KN 2.23 3.44
b) | After stranding KN 212 3.27
¢) | Maximum D.C. Ohm | 3.651 3.627
resistance of strand at /KM
20 deg. Centigrade
3.3 Maximum resistance of | Ohm | 0.00203 0.001341
1 m length of strand at
20 deg. C
4.0 AAC Conductor
4.1.a) | Stranding Al -61/4.25mm | Al—37/5.23 mm
b) | Number of Strands
i. | 1st Aluminium Layer Nos.
ii. | 2nd Aluminium Layer Nos. | 6 6
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TARANTULA
iii. | 3rd Aluminium Layer Nos. | 12 12
iv. | 4th Aluminium Layer Nos. | 18 18
v. | 5th Aluminium Layer Nos. | 24 -
4.2 Sectional Area of Sq. 865.36 794.80
aluminium mm
4.3 Total sectional area Sq. 865.36 794.80
mm
4.4 Approximate Weight Kg/m | 2.4 2.191
4.5 Diameter of the mm | 38.25 36.60
conductor
4.6 UTS of the conductor kN 139 (Min.) 120 (Min.)
4.7 Lay ratio of the mm | Max Min | Max Min
conductor
a) | 6 wire Aluminium layer | mm | 16 10 | 16 10
b) | 12 wire Aluminium mm | 16 10 | 16 10
layer
c) | 18 wire Aluminium mm | 16 10 | 14 10
layer
d) | 24 wire Aluminium mm | 14 10 | - -
layer
4.8 DC resistance of the ohm/ | 0.03340 0.03628
conductor at 20°C km
4.9 Standard length of the m 1000 1000
conductor
4.10 Tolerance on Standard | % (+/-)5 (+/-)5
length
4.11 Direction of lay of Right Hand Right Hand
outer layer
412 Linear mass of the conductor
a) | Standard kg/ 2400 2192
km
b) | Minimum kg/ 2355 2150
km
c) | Maximum ka/ 2445 2234
km
413 Modulus of Elasticity Ka/sq| 4709 (Initial) 4709 (Initial)
.mm | 5869 (Final) 5869 (Final)
4.14 Co-efficient of Linear Per |23.0x10° 23.0x10°®
Expansion Deg.
C
4.15 Minimum Corona KV 508 320
Extinction Voltage (rms)
4.16 RIV at 1 Mhz Micro | Less than 1000 | Less than 1000 at
volts | at 508 kV (rms) | 320 kV (rms)
5.0 Drum Dimensions Generally conforms to 1S:1778
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a) | Flange Diameter mm | 1855 1855
b) | Traverse width mm | 925 925
c) | Barrel Diameter mm | 850 850
d) | Flange thickness mm | 50x50 50x50
B. GTP of ACSR BERSIMIS and ACSR MOOSE conductor:
SI. Description Unit | ACSR ACSR MOOSE
BERSIMIS
1.0 Applicable Standard 1S:398 / IEC - 61089
2.0 Raw Materials
2.1 Aluminium
a) | Minimum purity of % 99.50 99.50
Aluminium
b) | Maximum copper % 0.04 0.04
content
2.2 Steel wires/ rods
a) | Carbon % 0.50 to 0.85 0.50 to 0.85
b) | Manganese % 0.50to 1.10 0.50t0 1.10
c) | Phosphorous % Not more than Not more than
0.035 0.035
d) | Sulphur % Not more than Not more than
0.045 0.045
e) | Silicon % 0.10to 0.35 0.10t0 0.35
(Max.) (Max.)
2.3 Zinc
a) | Minimum purity of Zinc | % 99.95 99.95
3.0 Aluminum strands after stranding
3.1 Diameter
a) | Nominal mm | 4.57 3.53
b) | Maximum mm | 4.61 3.55
¢) | Minimum mm | 4.53 3.51
3.2 Minimum breaking load of strand
a) | Before stranding KN 2.64 1.57
b) | After stranding KN 2.51 1.49
c¢) | Maximum D.C. Ohm/| 1.738 2.921
resistance of strand at KM
20 deg. Centigrade
3.3 Maximum resistance of | Ohm | 0.001738 0.002921
1 m length of strand at
20 deg. C
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4.0 Steel strand after stranding
4.1 Diameter

a) | Nominal mm | 2.54 3.53

b) | Maximum mm | 2.57 3.60

c) | Minimum mm | 2.51 3.46

4.2 Minimum breaking load of strand
a) | Before stranding KN 6.87 12.86
b) | After stranding KN 6.53 12.22
4.3 Galvanising

a) | Minimum weight of gm 260 260
zinc coating per sq.m.

b) | Minimum number of Nos. | 2 dips of one 2 dips of one
dips that the minute & 1 dip of | minute & 1 dip of
galvanised strand can half minute half minute
withstand in the
standard preece test

c) | Min. No. of twists in Nos [16 (After stranding) | 16 (After stranding)
guage length equal 18 (Before 18 (Before
100 times the dia. of stranding) stranding)
wire which the strand
can withstand in the
torsion test (after
stranding)

5.0 ACSR Conductor
5.1.a) | Stranding Al -42/4.57 mm+ | Al -54/3.53 mm+
Steel-7/2.54 mm | Steel-7/3.53 mm
b) | Number of Strands
i. | Steel centre Nos. 1
ii. | 1st Steel Layer Nos. 6
jii. | 1st Aluminium Layer Nos. 12
iv. | 2nd Aluminium Layer Nos. | 14 18
v. | 3rd Aluminium Layer Nos. | 20 24
5.2 Sectional Area of Sqg. | 689.50 528.50
aluminium mm
5.3 Total sectional area Sq. 725.00 597.00
mm
5.4 Approximate Weight Kg/m | 2.181 2.004
5.5 Diameter of the mm | 35.05 31.77
conductor
5.6 UTS of the conductor kN 154 (Min.) 161.20 (Min.)
5.7 Lay ratio of the mm | Max Min | Max Min

conductor
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a) | Outer Steel layer mm | 24 16 | 18 16
b) | 8/12 wire Aluminium mm | 17 10 | 14 12
layer
c) | 14/ 18 wire Aluminium mm | 16 10 [ 13 11
layer
d) | 20/24 wire Aluminium mm |13 10 |12 10
layer
5.8 DC resistance of the ohm/ | 0.04242 0.05552
conductor at 20°C km
5.9 Standard length of the m 1800 1800
conductor
5.10 Tolerance on Standard | % (+/-)5 (+/-)5
length
5.1 Direction of lay of - Right Hand Right Hand
outer layer
512 Linear mass of the conductor
a) | Standard kg/ 2181 2004
km
b) | Minimum ka/ 2142 1965
km
¢) | Maximum kg/ 2221 2045
km
5.13 Modulus of Elasticity Ka/sq 6860
(Final State) .mm
5.14 | Co-efficient of Linear Per |21.5x10® 19.3x10°
Expansion Deg.
C
5.15 Minimum Corona KV 320 320
Extinction Voltage (rms)
5.16 RIV at 1 Mhz under Micro | Max. 1000 at Max. 1000 at 320
dry condition volts | 320 kV (rms) KV (rms)
6.0 Drum Dimensions Generally conforms to 1S:1778
a) | Flange Diameter mm | 1800 1800
b) | Traverse width mm | 950 950
c) | Barrel Diameter mm | 650 650
d) | Flange thickness mm | 50x50 50x50
C. B. GTP of ACSR ZEBRA and ACSR PANTHER conductor:
SI. Description Unit | ACSR ZEBRA ACSR PANTHER
1.0 Applicable Standard 1S:398 / IEC-61089
2.0 Raw Materials
2.1 Aluminium
a) | Minimum purity of % 99.50 99.50
Aluminium
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b) | Maximum copper % 0.04 0.04

content
2.2 Steel wires/ rods

a) | Carbon % 0.50 to 0.85 0.50 to 0.85

b) | Manganese % 0.50t0 1.10 0.50t0 1.10

c¢) | Phosphorous % Not more than Not more than

0.035 0.035
d) | Sulphur % Not more than Not more than
0.045 0.045
e) | Silicon % 0.10to 0.35 0.10to0 0.35
(Max.) (Max.)
2.3 Zinc
a) | Minimum purity of Zinc | % 99.95 99.95
3.0 Aluminum strands after stranding
3.1 Diameter

a) | Nominal mm | 3.18 3.00

b) | Maximum mm | 3.21 3.03

¢) | Minimum mm | 3.15 2.97

3.2 Minimum breaking load of strand
a) | Before stranding KN 1.29 1.17
b) | After stranding KN 1.23 1.11
3.3 Maximum resistance of | Ohm | 0.003626 0.004107
1 m length of strand at
20 deg. C
4.0 Steel strand after stranding
4.1 Diameter

a) | Nominal mm | 3.18 3.00

b) | Maximum mm | 3.24 3.06

¢) | Minimum mm | 3.12 2.94

4.2 Minimum breaking load of strand
a) | Before stranding KN 10.43 9.29
b) | After stranding KN 9.91 8.85
4.3 Galvanising

a) | Minimum weight of gm 260 260
zinc coating per sq.m.

b) | Minimum number of Nos. | 2 dips of one 2 dips of one
dips that the minute & 1 dip of | minute & 1 dip of
galvanised strand can half minute half minute
withstand in the
standard preece test
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c) | Min. No. of twists in Nos | 16 (After 16 (After stranding)
guage length equal stranding) 18 (Before
100 times the dia. of 18 (Before stranding)
wire which the strand stranding)
can withstand in the
torsion test (after
stranding)
5.0 ACSR Conductor
5.1.a) | Stranding Al -54/3.18 mm+ | Al -30/3.00 mm+
Steel-7/3.18 mm | Steel-7/3.00 mm
b) | Number of Strands
i. | Steel centre Nos. | 1 1
ii. | 1st Steel Layer Nos. | 6 6
iii. 1st Aluminium Layer Nos. |12 12
iv. | 2nd Aluminium Layer Nos. | 18 18
v. | 3rd Aluminium Layer Nos. | 24 NA
5.2 Sectional Area of Sq. |428.9 212.10
aluminium mm
5.3 Total sectional area Sq. 484.5 261.50
mm
5.4 Approximate Weight Kg/m | 1.621 0.974
5.5 Diameter of the Mm | 28.62 21.00
conductor
5.6 UTS of the conductor kN 130.32 (Min.) 89.67 (Min.)
5.7 Lay ratio of the mm | Max Min | Max Min
conductor
a) | Outer Steel layer mm | 28 13 | 28 16
b) | 12 wire Aluminium mm | 17 10 | 16 10
layer
c) | 18 wire Aluminium mm | 16 10 |14 10
layer
d) | 24 wire Aluminium mm | 14 10 | NA
layer NA
5.8 DC resistance of the ohm/ | 0.06868 0.140
conductor at 20°C km
5.9 Standard length of the m 1800 1800
conductor
5.10 Tolerance on Standard | % (+/-) 5 (+/-)5
length
5.1 Direction of lay of Right Hand Right Hand
outer layer
5.12 Linear mass of the conductor
a) | Standard ka/ 1621 974
km
b) | Minimum ka/ 1589 954
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km
c) | Maximum ka/ 1653 993
km
5.13 Modulus of Elasticity Ka/sq 8158
.mm
5.14 | Co-efficient of Linear Per | 19.3x10® 17.8x10°
Expansion Deg.
C
5.15 Minimum Corona KV 154 92
Extinction Voltage (rms)
5.16 RIV at 1 Mhz Micro | Less than 1000 | Less than 500
volts | at 154 kV (rms) | at 92 kV (rms)
6.0 Drum Dimensions Generally conforms to 1S:1778
a) | Flange Diameter mm | 1850 1850
b) | Traverse width mm | 925 925
c) | Barrel Diameter mm | 650 650
d) | Flange thickness mm | 50x50 50x50

1.2

Guaranteed technical particulars of Galvanised Steel Earthwire

Description Unit Standard Values
1.0 Raw Materials
1.1 Steel wires / rods
a) | Carbon % Not more than 0.55
b) | Manganese % 0.40 to 0.90
c) | Phosphorous % Not more than 0.04
d) | Sulphur % Not more than 0.04
e) | Silicon % 0.15t0 0.35
1.2 Zinc
a) | Minimum purity of Zinc % | 99.95
2.0 Steel strands
21 Diameter
a) | Nominal mm 3.66
b) | Maximum mm 3.74
¢) | Minimum mm 3.58
2.2, Minimum breaking load of strand
a) | After stranding KN 10.58
2.3 Galvanising
a) | Minimum weight of zinc coating | gms. 275
per sq.m. after stranding
b) | Minimum number of dips that the | Nos. 3 dips of 1 minute and
galvanized strand can withstand

Technical Specification, Section : SE
C/ENGG/SPEC/SE REV.NO: 10 (Apr16)

Page - 55 of 58




SECTION - (SE)

SWITCHYARD ERECTION

ANNEXURE-E

in the standard preece test one dip of ¥2 minute
c) | Minimum number of twists in a Nos. 18
gauge length equal to 100 times
diameter of wire which the
strand can withstand in the
torsion test, after stranding
3.0 Stranded Earth wire
31 UTS of Earth wire KN 68.4 (min.)
3.2 Lay length of outer steel layer
a) | Standard mm 181
b) | Maximum mm 198
¢) | Minimum mm 165
3.3 Maximum DC resistance of Ohm/km | 3.375
earth wire at 20° C
34 Standard length of earth wire | M 2000 or actual quantity
whichever is less.
3.5 Tolerance on standard length | % 5
3.6 Direction of lay for outside Right hand
layer
3.7 Linear mass
a) | Standard Kg/km 583
b) | Maximum Kg/km 552
¢) | Minimum Kg/km 600
3.8 Overall diameter mm 10.98

1.3

Guaranteed Technical Parameters of Aluminum Tube
A. GTP for 3” IPS & 4” IPS AL. TUBE

Sl. No. | Description 3” AL. TUBE 4” AL. TUBE
1. Size 3" IPS (EH Type) 4" IPS (EH Type)
Material Aluminium Alloy 6101 T6 confirms to
63401 WP (range 2) of IS 5082 : 1998
3. Chemical Composition
i) | Cu 0.05 Max
i) | Mg 0.4t00.9
iii) | Si 0.3t0 0.7
iv) | Fe 0.5 Max
v) | Mn 0.03 Max
Vi) | Al Remainder
4. Outer diameter 88.90 mm 114.2 mm
5. Tolerance on outer +2.2mm, - 0.0 mm | +2.2 mm, - 0.0 mm
diameter
6. Thickness 7.62 mm 8.51 mm
7. Tolerance on thickness +2.2mm, -0.0 mm | +2.2 mm, - 0.0 mm
8. Cross-sectional area 1945.76 sq.mm 2825.61 sq.mm
9. Weight 5.25 kg/m 7.7 kg/m
10. | Moment of Inertia 1621589.99 mm* | 3972577.97 mm*
11. | Section Modulus 36481.21 mm® 69572.29 mm®
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12.

Minimum Ultimate Tensile
Strength

20.5 Kg/sq.mm

13.

Temperature co-efficient of
resistance

0.00364 per Deg.C

14.

Minimum Electrical
Conductivity at 20 deg.C

55% of IACS

15.

Linear Temperature Co-
efficient of Expansion (20
Deg.C -200 Deg.C)

0.000023

16.

Modulus of Elasticity

6700 Kg/sq.mm

17.

Minimum Elongation on 50
mm

10%

18.

Thermal Conductivity at 100
Deg.C

0.43 Calories/sec/sq.mm/cm/deg.C

19

Minimum 0.2% proof stress

17.34 Kg/sq.mm

20

Minimum Yield point

17.50 Kg/sq.mm

17.50 Kg/sq.mm

21

Minimum Breaking Strength

20.42 Kg/sq.mm

20.42 Kg/sq.mm

B. GTP for 4.5” IPS & 5” IPS AL. TUBE

Sl. No. | Description 4.5” AL. TUBE 5” AL. TUBE
1. Size 45" IPS (EH Type) | 5" IPS
Material Aluminium Alloy 6101 T6 confirms to
63401 WP (range 2) of IS 5082 : 1998
3. Chemical Composition
i) | Cu 0.05 Max
i) | Mg 0.4t00.9
iii) | Si 0.3t0 0.7
iv) | Fe 0.5 Max
v) | Mn 0.03 Max
Vi) | Al Remainder
4. Outer diameter 120.0 mm 141.3 mm
5. Tolerance on outer +1.5 mm, +2.8 mm,
diameter -0.0 mm -0.0 mm
6. Thickness 12.0 mm 9.53 mm
7 Tolerance on thickness +1.0 mm, +0.8 mm,
-0.0 mm -0.0 mm
8. Cross-sectional area 4071.50 sq.mm 3945.11 sq.mm
9. Weight 10.993 kg/m 10.652 kg/m
10. | Moment of Inertia 6011958.58 mm* | 8610787.65 mm*
11. | Section Modulus 100199.31 mm° 121879.51 mm’
12. Minimum Ultimate Tensile 20.5 Kg/sq.mm
Strength
13. Temperature co-efficient of 0.00364 per Deg.C
resistance
14. Minimum Electrical 55% of IACS
Conductivity at 20 deg.C
15. Linear Temperature Co- 0.000023
efficient of Expansion (20
Deg.C -200 Deg.C)
16. Modulus of Elasticity 6700 Kg/sq.mm
17. Minimum Elongation on 50 10%
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mm

18.

Thermal Conductivity at 100
Deg.C

0.43 Calories/sec/sq.mm/cm/deg.C

19.

Minimum 0.2% proof stress

17.34 Kg/sq.mm

20

Minimum Yield point

14.50 Kg/sq.mm

17.50 Kg/sgq.mm

21

Minimum Breaking Strength

17.50 Kg/sq.mm

20.42 Kg/sq.mm
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GENERAL INSTRUCTION FOR EARTHING:

. Location of earthing conductors / risers shown in the earthing drawing may

change to suit the site condition.

. Two different risers of one structure/equipment shall be connected to different

conductors of main earthmat.

. Earthing conductor around the building shall be burried at a minimum distance
of 1500 mm from the outer boundary of the building,.

. Minimum distance of 6000 mm shall be maintained between two treated (pipe)

electrode.

. For surge arrester, earthing lead from surge counter to to main earthmat shall be
shortest in length as pratically as possible. Earthing lead from surge arrester

shall not be passed through any pipe.

. No welding is allowed in the over ground earthing leads/risers if the length is less than 6m .
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EARTHING OF CIRCUIT BREAKER
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EARTHING OF ISOLATOR (1 PH)
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EARTHING OF SURGE ARRESTER (1PH)
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EARTHING OF POST INSULATOR (1PH)
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EARTHING OF LIGHTNING MAST
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NOTES :
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EARTHING OF RAIL TRACK
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EARTHING OF CABLE TRENCH
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EARTHING OF GATES
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EARTHING OF PYLON SUPPORTS

Pylon supports shall be grounded through 50x6mm Gl flat to the ring around the Pylon
supports of 75x12mm Gl flat which in tu rn is connected to the main grid (40 mm dia MS
rod) at 2 to3 points as available.

View-X 75x12mm Gl
Pylon flat around the
Support transformer
300 mm
Zﬂl ~_"T

50x6mm Gl flat welded to the main flat
Fig.- Elevation (Earthing of Pylon Supports)

Ring of 75x12 Gl flat around the pylon supports

0 0 0 0

}D D_/ To main earth mat

Pylon <

Supports

4 H - =

E To main earth mat

Fig.- Layout (Earthing of Pylon Supports)
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EARTHING OFHYDRANT/ HVW SPRAY PIPING

These pipes shall be grounded at pump house through 50x6mm Gl flat connected to the
main flat, 75x12mm running around the room.

View-X
+ . View-X,
Pump—] < | [ Z,
House _
/
\
To 75x12mm 50x6mm Gl Bolted joint

GI Flat around the room flat

Fig.-Earthing of Hydrant / HVW Spray Piping

EARTHING OFHYDRANT POST/ HOSE BOX

A bolt shall be welded to these structures at the time of installation which can be used to
connect them to the nearest riser or main 75x12mm Gl flat through 50x6mm Gl flat.

Bolt head welded
To the post

View- X /

¢ /

50x6 mm Gl flat

T

View- X
Fig.- Earthing of hydrant box / hose box
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8.2 Quality Assurance Documents
The Contractor shall ensure availability of the following Quality Assurance Documents:

)] All Non-Destructive Examination procedures, stress relief and weld repair
procedure actually used during fabrication, and reports including radiography
interpretation reports.

i)  Welder and welding operator qualification certificates.

iii) Welder’s identification list, welding operator’s qualification procedure and
welding identification symbols.

iv) Raw Material test reports on components as specified by the specification and in
the quality plan.

v)  The Manufacturing Quality Plan(MQP) indicating Customer Inspection Points
(CIPs) at various stages of manufacturing and methods used to verify that the
inspection and testing points in the quality plan were performed satisfactorily.
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8.3
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SECTION-GENERAL TECHNICAL REQUIREMENTS (GTR)

vi)  Factory test results for testing required as per applicable quality plan/technical
specifications/GTP/Drawings etc.

vii) Stress relief time temperature charts/oil impregnation time temperature charts,
wherever applicable.

INSPECTION, TESTING & INSPECTION CERTIFICATE

Contractor shall procure bought out items from sub-vendors as per the list in
“Compendium of Vendors” available on POWERGRID web-site
www.powergridindia.com after ensuring compliance to the requirements/conditions
mentioned therein. Contractor shall explore first the possibilities of procuring the
bought out items from POWERGRID approved existing vendors. In case of their
unavailability / non-response, Contractor may approach POWERGRID for additional
sub-vendor approval. In that case, the assessment report of proposed sub vendor by
Contractor along with the enclosures as per Annexure-F shall be submitted within 60
days of the award. The proposal shall be reviewed and approval will be accorded based
on the verification of the document submitted and/or after the physical assessment of
the works as the case may be. The physical assessment conducted by POWERGRID, if
required, shall be on chargeable basis. Charges shall be as per the POWERGRID norms
prevailing at that time, which shall be intimated by POWERGRID separately. If proposal
for sub-vendor is submitted after 60 days, the Contractor’s proposal normally will not
be considered for current LOA. However, POWERGRID may process the case for
developing more vendors for referred items, if found relevant. In all cases, It is the
responsibility of the Contractor that Project activities do not suffer on account of delay
in approval/non approval of a new sub-vendor.

The responsibility and the basis of inspection for various items & equipment is placed
at Annexure-G along with the requirement of MQP (Manufacturing Quality Plan),
ITP(Inspection & Test Plan), FAT(Factory Acceptance Test) which should be valid &
POWERGRID approved and Level of inspection envisaged against each item.

Contractor shall ensure that order for items where MQP/ITP/FAT is required will be
placed only on vendors having valid MQP/ITP/FAT and where the supplier’s
MQP/ITP/FAT is either not valid or has not been approved by POWERGRID, MQP shall
be generally submitted as per POWERGRID format before placing order.

Items not covered under MQP/ITP/FAT shall be offered for inspection as per
POWERGRID LOA/technical Specifications/POWERGRID approved data sheets/
POWERGRID approved drawings and relevant Indian/International standards.

Inspection Levels: For implementation of projects in a time bound manner and to avoid
any delay in deputation of POWERGRID or its authorized representative, involvement
of POWERGRID for inspection of various items / equipment will be based on the level
below:

Level -I: Contractor to raise all inspection calls and review the report of tests
carried out by the manufacturer, on his own, as per applicable standards/
POWERGRID specification, and submit to concerned POWERGRID
inspection office/Inspection Engineer. CIP/MICC will be issued by
POWERGRID based on review of test reports/certificates of
manufacturers.

Level - II:  Contractor to raise all inspection calls and carry out the inspection on
behalf of POWERGRID on the proposed date of inspection as per
applicable standards/specification. However, in case POWERGRID wishes
to associate itself during inspection, the same would be intimated to
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Contractor and CIP/MICC will be issued by POWERGRID. Else, Contractor
would submit their test reports/certificates to POWERGRID. CIP/MICC
will be issued by POWERGRID based on review of test reports/
certificates.

Level - III:  Contractor to raise inspection calls for both, stage (as applicable) & final
inspection and carry out the stage inspections (if applicable) on behalf of
POWERGRID on the proposed date of inspection as per applicable
standards/specification. However, in case POWERGRID wishes to
associate itself during stage inspection, the same would be intimated to
Contractor and CIP will be issued by POWERGRID. Else, Contractor would
submit the test reports / certificates of stage inspection after their own
review and CIP will be issued by POWERGRID based on review of test
reports / certificates. Final inspection will be carried out by POWERGRID
and CIP/MICC will be issued by POWERGRID.

Level - IV: Contractor to raise inspection calls for both, stage (as applicable) & final
inspections. POWERGRID will carry out the inspection for both stage &
final inspection as per applicable standards/specification and CIP/MICC
will be issued by POWERGRID.

8.3.2 Contractor shall ensure that to implement the above inspection levels, particularly for
the quality control and inspection at sub-vendor’s works, they would depute sufficient
qualified & experienced manpower in their Quality Control and Inspection department.
Further, to assure quality of construction, Contractor shall have a separate workforce
having appropriate qualification & experience and deploy suitable tools and plant for
maintaining quality requirement during construction in line with applicable Field

Quality Plan (FQP).

8.3.3 The Employer, his duly authorised representative and/or outside inspection agency
acting on behalf of the Employer shall have at all reasonable times access to the
Contractor’s premises or Works and shall have the power at all reasonable times to
ensure that proper Quality Management practices / norms are adhered to, inspect and
examine the materials & workmanship of the Works, to carry out Quality/Surveillance
Audit during manufacture or erection and if part of the Works is being manufactured
or assembled at other premises or works. The Contractor shall obtain for the Employer
and for his duly authorised representative permission to inspect as if the works were
manufactured or assembled on the Contractor’s own premises or works. The
item/equipment, if found unsatisfactory with respect to workmanship or material is
liable to be rejected. The observations for improvements during product/ process
inspection by POWERGRID shall be recorded in Quality Improvement Register
(available & maintained at works) for review & timely compliance of observations.

8.3.4 Contractor shall submit inspection calls over internet through POWERGRID website.
The required vendor code and password to enable raising inspection call will be
furnished to the main Contractor within 30 days of award of contract on submission of
documents by Contractor. After raising the inspection calls, Contractor shall then
proceed as per the message of that particular call which is available on the message
board.

8.3.5 The Employer reserves the right to witness any or all type, acceptance and routine
tests specified for which the Contractor shall give the Employer/Inspector Twenty
one (21) days written notice of any material being ready for testing for each stage of
testing as identified in the approved quality plan as customer inspection point(CIP)
for indigenous inspections. All inspection calls for overseas material shall be given at
least forty five (45) days in advance. Such tests shall be to the Contractor’s account
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Annexure-G

MQP & INSPECTION LEVEL REQUIREMENT

SI. No Item / Equipment Ref?gf?ggp%gig:em Inspection Level
LT Transformer /Power
A.01 Transformer/ Reactor/ Converter MQP/ITP v
Transformer/ Filter Reactor
A.02 Bushing MQP v
A.03 Insulating Oil POWERGRID TS i
A.04 Oil storage tank for transformers MQP I
A0S Nitrogfen injection_ based EAT/ITP i
explosion prevention system
A 06 On Line oil drying system for POWERGRID TS **
transformers
On Line DGA and moisture
A.07 monitoring system POWERGRID TS [**
A 08 !:Iow _sensitive conservator POWERGRID TS [
isolation valve
A.09 Oil Filtration Machine MQP Il
B.01 Circuit Breakers MQP v
B.02 Current Transformers MQP/ITP v
B.03 CVT/PT/IIVT MQP v
B.04 Isolators MQP/ITP v
B.05 Surge Arrestors MQP/ITP 1
B.06 Line Trap & Air Core Reactor MQP/ITP 1
Point On switching device
B.07 (CSD) for Circuit Breaker FAT/ITP v
(wherever required)
STATCOM including Valve,
col valve _base elgctromcs, DC TP Y,
capacitor, series reactor and all
accessories
Mechanically switched Reactor
C.02 bank (3-ph) including all ITP v
accessories (MSR Branches)
Mechanically switched
C.03 Capacitor bank (3-ph) including ITP v
all accessories (MSC Branches)
C.04 Harmonic Pass filters ITP v
C.05 HT Capacitor MQP v
D.01 Thyristor Valve FAT/ITP 1
D.02 PLC Capacitors for HYDC FAT/ITP 1
D.03 Valve Cooling system for FAT/ITP I
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Annexure-G

Reference document

Sl. No Item / Equipment for inspection Inspection Level
HVDC
D.04 AC/DC Filter Resistors ITP Il
DC Current and Voltage
D.05 measuring device for HYDC FAT/ITP I
D.06 rI\]/;;?Imtenance platform for valve POWERGRID TS I
D.07 Optical signal column for FSC FAT/ITP Il
E.O1 GIS including spares MQP/ITP v
E.02 Dew Point Meter for GIS POWERGRID TS |*
.03 Portable Partial Discharge POWERGRID TS *
monitoring system for GIS
Partial Discharge Monitoring
E.04 System (Online) for GIS TP I
E.05 PEB Structure and Puf Panels MQP Il
F.01 Substation Automation system FAT/MQP I
F.02 Event Logger POWERGRID TS i
PLCC equipment Viz PLCC
Terminal ,Carrier equipment,
F.03 Protection Coupler , Coupling MQP I
Device but excluding EPAX /
HF Cable
F.04 Control & Relay Panels MQP 11
G.01 EHV Cables MQP/ITP Il
G.02 Power Cables & Control Cables MQP 11
G.03 Cable Joints (11 kV and above) POWERGRID TS I
Gosa | CableLugs & Glands/ POWERGRID TS |
Clamps/Terminations
LT Switchgear &
H.01 ACDB/DCDB/MLDB/ELDB MQP I
H.02 Battery POWERGRID TS 1
H.03 Battery Charger MQP 11
H.04 UPS & Voltage Stablizer MQP/FAT i
H.05 D. G. Set FAT/ITP i
H.06 Lighting Panel POWERGRID TS I
H.07 Lighting Poles POWERGRID TS I
Lighting Fixtures, Lighting
Earthwire, Switches / sockets,
H.08.1 Conduits, Lamps & fans POWERGRID TS |
including exhaust fans
Solar based LEDs System
including street light/pole solar
H.8.2 panel, Inverter controller/LED FAT I
fixture
H.09 MS/GI /PVC Pipes for cable POWERGRID TS |
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SECTION-GENERAL TECHNICAL REQUIREMENTS (GTR)

Annexure-G

Reference document

Sl. No Item / Equipment fori . Inspection Level
or inspection

trenches and lighting

H.10 Outdoor Receptacle POWERGRID TS |
Split A.C/window A.C./

H.11 precision AC/ Kiosk AC/ POWERGRID TS |
Cascade AC/ Tower AC

H.12 Qccqpancy sensors for control of POWERGRID TS |
lighting
Solar based street lighting pole

H.13 including Solar Panel, Inverter, POWERGRID TS i
Controller, etc.
Junction Box / Lighting Switch

H.14 Boards / Bay MB / Portable POWERGRID TS I
Flood Light Panel

H.15 Lighting transformer POWERGRID TS Il
SF6 gas processing unit, SF6 gas

1.01 Leakage detector, SF6 gas POWERGRID TS |*
Analyzer

1.02 SF6 Gas POWERGRID TS |

1.03 Spark Gap FAT/ITP i
Time synchronizing Equipment

1.04 (GPS glock) g =quIp POWERGRID TS |

1.05 Galvanized Cable trays POWERGRID TS Il

1.06 Video Monitoring System FAT/ITP |

107 Public Address System (All POWERGRID TS |
Components)

108 Building Management System POWERGRID TS |
(All components)

109 Access Control System (All POWERGRID TS |
Components)

110 Vid_eo I_Z)isplay system/ Video POWERGRID TS |
Projection system

.11 VESDA (smoke detector) POWERGRID TS |

1.12 High Mast Pole MQP 11

J.01 Aluminium ladder POWERGRID TS |

J.02 Hume Pipes POWERGRID TS |

J.03 Castle Key POWERGRID TS |

3.04 Water Treatment plant (All POWERGRID TS |
components).

J.05 Furniture POWERGRID TS |

J.06 DOL Starter POWERGRID TS |

J.07 Oil Sample Bottles and Syringe POWERGRID TS |

3.08 %ﬁ,& Measuring Equipment, POWERGRID TS I

K.01 EOT Crane POWERGRID TS 1
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SECTION-GENERAL TECHNICAL REQUIREMENTS (GTR)

Annexure-G

Reference document

Sl. No Item / Equipment fori . Inspection Level
or inspection
Boom Crane/Golf Cart/Platform
KO2 | Truck/Man Lift/ Fork Lift/ Lifts | T OWERGRIDTS .
L.00 Fire Protection System
Panels, Hydro pneumatic tank
L.001 . . POWERGRID TS Il
for fire protection system.
Deluge valve, Strainers, MS/Gl
Loo2 | Pipes, Pumps, motors, air POWERGRID TS I
compressor, and other valves,
Diesel Engines
L.003 Others POWERGRID TS |
M.00 HVAC SYSTEM
M.001 Air Cooled Chiller POWERGRID TS Il
M.002 Pump POWERGRID TS I
M.003 Air Handling Unit POWERGRID TS I
M.004 Fan Filter Unit With POWERGRID TS I
Centrifugal Blower
M.005 Axial Flow Fan POWERGRID TS I
M.006 Main Climate Control Unit POWERGRID TS |
(Dehumidifier)
M.007 Dampers POWERGRID TS I
M.008 Fire Dampers POWERGRID TS I
Pressure Gauge,
M.009 Thermometers, Other POWERGRID TS |
Instruments / Sensors
M.010 Grill, Diffuser, Jet Nozzle, POWERGRID TS |
Louvers etc
M.011 Ducting POWERGRID TS Il
M.012 M S Pipe POWERGRID TS I
M.013 Pipe Insulation Material POWERGRID TS |
M.014 Duct Insulation Material POWERGRID TS |
M.015 Underdeck Insulation POWERGRID TS |
Material
M.O16 Gate Valve & Non Return POWERGRID TS |
valve
M.017 Y Strainer POWERGRID TS I
Ball Valve/ Motorised
M.018 Butterfly Valve/ Balancing Valve POWERGRID TS :
M.019 Closed Expansion Tank POWERGRID TS i
M.020 Air Separator POWERGRID TS |
M.021 MCC /PLC /Electrical Panels POWERGRID TS I
M.022 Propeller Fan/ Conduit POWERGRID TS |
M.023 Air Filter/ Mixing Valve with POWERGRID TS |

Thermostat
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Annexure-G

Sl. No Item / Equipment Ref?rer_lce doc_ument Inspection Level
or inspection

N.01 SDH Equipment FAT/ITP v

N.02 Termina_tion Equipment Primary/ EAT/ITP Y,
DI Multiplexer

N.03 DACS FAT/ITP v

N.04 Optical Amplifier FAT/ITP v
FODRP including pigtail, Joint

NOS | box FOMS gpg FAT/ITP [

N.06 IMPS FAT/ITP v

N.07 Optical bypass switch FAT/ITP v

N.08 Air Purifier FAT/ITP |

N.09 Patch cord & connector FAT/ITP |

N.10 NMS FAT/ITP v

N.11 OPGW Cable MQP/ITP/FAT i

N.12 Hardware Fittings for OPGW MQP/ITP i
cable

N.13 DCPS FAT/ITP i

N.14 Radio Links FAT/ITP i
SMPS based DC Power Suppl

NS | Deps) system PRl FAT/ITP i

N.16 WAMS (PMU & Accessories) FAT/ITP 1

N.17 PUF Shelter FAT/ITP Il

N.18 Aerial OFC/UGOFC/ADSS/FO EAT/ITP i
Cable

N.19 DWDM FAT/ITP Il

N.20 OTN FAT/ITP Il

N.21 MPLS-TP Equipment FAT/ITP Il

N.22 L2 Switch FAT/ITP Il

N.23 IP-MPLS Router FAT/ITP Il

N.24 HDPE Pipes POWERGRID TS I

N.25 Equipment Cabinets POWERGRID TS I

N.26 Main Distribution Frame POWERGRID TS |
Telephone system, EPAX,

N.27 Telephone wires, Telephone POWERGRID TS |
sockets

N.28 Fibre Optic Cable MQP Il
Hardware Fittings for Fibre

N29 | ootic cable g MQP 1l
Re-rollers of MS/HT Angle

0.01 Section and galvanized tower MQP v
parts.

0.02 Conductor MQP v
Hardware fittings and Conductor

.03 & Earthwire Acgcessories MQP v

0.04 Earth wire MQP v
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Annexure-G

Sl. No Item / Equipment Ref?rer_lce doc_ument Inspection Level
or inspection
0.05 Insulator MQP v
0.06 Bolts & Nuts of Gr 8.8/8 MQP v
0.07 Mono Pole MQP v
0.08 E‘;‘:t’;da“o” Bolts & Anchor POWERGRID TS I
D-shackle/ Hanger / Links and
©.09 associated Special bolt/nuts MQP I
Span Marker, Obstruction lights
.10 and Wind Measuring Equipment POWERGRID TS I
MS ROD rolled by Approved
011 Re-roller of POWERGRID MQP I
MS ROD rolled by Approved
012 steel producers of POWERGRID POWERGRID TS I
0.13 Spring Washers & Pack washers POWERGRID TS Il
0.14 Bolts & Nuts Gr up to 5.6/5 POWERGRID TS Il
ACD & Barbed wire for
0.15 ACD/Bird guard POWERGRID TS Il
Danger Plate /Phase Plate /
©.16 Number Plate / Circuit plate POWERGRID TS I
Sub Station Structure
.17 (lattice/pipe type) MQP I
0.18 Clamps & Connecters (including MQP i
equipment connectors)
019 | MS/GIFlat rodtype, pipetype | oo\ EpcRID TS I
and other earthing material.
0.20 Alum!nlum Tube & Busbar POWERGRID TS I
materials
021 | FIpe Type & Counter Poise POWERGRID TS I
Earthing
0.22 DTS System POWERGRID TS I
For Equipment where requirement of MQP is envisaged, ITP/FAT will be followed If sourced from
off shore. For items required in S/S or T/L or TELECOM/LD&C , same inspection level as specified
shall be followed for all the cases.
>l‘MICC for test and measuring equipment (inspection level | or Il) shall be issued only after actual
verification/ demonstration of satisfactory performance at site.
* %k Though level-2 items, CIP/MICC can be issued also on review of TCs and visual inspection of
these item.
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PROCEDURE FOR WELDING OF ALUMINIUM BUSES

A. Recommended welding procedures to insure a sound weld are as follows:

Pure aluminum melts at 660 Deg. C while aluminum alloy melts in the range of 5319 Deg. C depending on
the alloy content of the particular metal involved. When aluminum alloy are heated there is no change in
color, This makes it difficult, if not impossible; to tell metal is near the welding temperature.

The ever present surface oxide films on aluminum have a melting point of 1982 Deg. C. The parent
aluminum or aluminum alloy can therefore be melted without fusing the surface oxides. Unless this film is
removed, cleanliness of the molten filler metal and the parent metal cannot be completed and both strength
and conductivity may be sacrificed. Therefore, it is of pnme importance that aluminum oxides be removed
from the aluminum alloys before welding is started. In the shielded arc welding method the shielding gas
has a tendency to clean the material as welding progresses.

B. CLEANING OF BUSES & FITTINGS:

It is very important to remove all grcases and oxides from the surfaces to be welded. This can be
aceomplished by using a mild alkaline solution or standard degreasing solution. The preferred method is to
use a stainless steel wire brush and vigorously scrub the surfaces to be welded. The stainless stecl brushes
are specified because the stainless stecl has fewer tendencies to pick up particles of aluminum.

C. WELDING METHODS
The following types of welding methods for welding aluminum fittings and buses are recommended.

1. TUNGESTEN-ARC WELDING (TIG)

The inert-gas shiclded tungsten arc process is widely used for welding aluminum bus fittings. In this
process the arc is cstablished between a non-consumable tungsten electrode and the section to be welded.
Inert gas envelopes the arc to prevent oxidation during welding,

Hence no flux is required. A bare filler rod supplies filler metal to the weld area. To initiate the arc the
tungsten electrode 1s placed in contact with the component and then withdrawn to cstablish an arc length of
approximately 3/16”. The arc is given a circular motion until the base metal liquefies and the weld puddle
1s established. Filler metal is added by hand as required. In this process, if more than one pass is required
for a sufficient weld, the weld should be wire brushed between passes, to remove any surface dirt or oxides
which have accumulated from the previous pass. Since no flux is used the finished weld does not require
cleaning. In this process the heat of the tungsten arc is concentrated in a smaller area and is much faster
than the eonventional type of welding and distortion of the weld is negligible since the heat is concentrated
in a small area. In this process, if thickness 1s greatcr than 0.5 arc to be welded, pre-heating of parts will
increase the arc speed.

2. METALLIC ARC INERT GAS SHIELDED WELDING

MIG welding proccss combincs the advantages of tungsten arc welding with the increased welding speed.
Welding can be done from any position and the process can be either manual or automatic, Manual welding
techniques are somewhat different from other methods. However, a welder can be trained to use the MIG
process with only a few days coneentrated training. In the MIG process the bare filler rod is supplied as a
coil of bare wire. In the commercially available equipment this wire is added to the weld at predetermined
rate by a motor driven feed that can be adjusted to the magnitude of the welding current. In this process as
well as the tungsten arc process, gas forms a shield around the arc 1o prevent oxidation during welding.
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Either helium, argon or a mixture of helium and argon are suitable shielding gases. Pure argon is most
widely used on the gas arc usually mixed to combine the hotter arc argon. If exceptionally hot arc
characteristics are required pure helium can be substituted for the gas mixture. Precaution should be
exercised if this substitution is made i that it is very easy to burn through the items that are to be welded
with a pure helium atmosphere.

As it is readily apparent, the basic difference between the two types of welding apparatus is the automatic
feeding mechanism for the filler wire. In both types of apparatuses the electrode holder and the welding
gun can or cannot be cooled by water. If welding currents of more than 125 Amps are required, both
methods will have to have water cooling apparatuses to the electrode holder and the welding gun.

D.WELDERS QUALIFICATIONS

No welding should be done until the operator has had experience with welding alumioum alloys by the
methods described above, Men with previous experience with in metal welding should be selected for
training in welding aluminum for a period of training of not less than one week after which time the man
can be considered to be proficient in the use of the equipment and in the welding of aluminum joints. Afier
this period there should be no difficulty experienced in welding aluminum alloys. It is suggested, if
practical, that welders should practice on actual fittings or buses before proceeding with the welding of the
required job.

The following i1s the recommended specification for the curmrent fittings wire feeds, gas flows etc. These
specifications are of 2 general nature to the extent that many factors have to be considered such as:

Type of equipment used, whether water cooled or not.

The size and mass of the piece to be welded.

The position of the weld.

And most important of all, the operator’s skil!

All persons in the welding area would wear the proper shields. The are is approximately twice as

strong as the standard AC welding arc. Extreme caution should be exercised for the protection of
eyes.

bt el a o

ACCEPTANCE STANDARDS FOR NON-DESTRUCTIVE TESTING
LIQUID PENETRANT EXAMINATION OF WELDED JOINTS

a) Evaluation of indications:

* Relevant indications are those which result from mechanical discontinuities.

» Linear indications are those indications in which the length is more than three times with
width.

*  Rounded indications or indication, which are circular or elliptical with the length less than
three times, the width.

&  Any questionable or doubtful indications shall be re-tested to verify whether or not actual
defects are present.

s Localised surface imperfections, such as may occur from machining marks, surface
conditions, may produce similar indications, which are not relevant to detection of
unacceptable discontinuities.



b) Acceptance standards:
+ Linear indications
=  Four or more rounded defects with any dimensions more than 1.6 mm in a line separated by
1/16 inch (1.6 mm) or less (edge to edge)

¢} Defect removal and repair:

Unacceptable imperfections shall be removed and reexamination made to assure the
complete removal. Whenever a defect is removed and subsequent repair by welding is not
required, the excavated area shall be blended into the surrounding surface so as to avoid
sharp notches, crevices or comers. Where welding is required after removal of a defect,
the area shall be cleaned and welding performed in accordance with a qualified welding
procedure, Completed repairs shall be re-examined by the method originally used for
detection of the defection.

d) Treatment of imperfections believed non-relevant.
Any indication of an imperfection, which is believed to be non-relevant, shall be regarded
as defect unless, on re-evaluation, it is shown by re-examination by the same method or
by the use of other non-destructive methods and/ or by surface conditioning that no
unacceptable defect is present.

e) Examination of areas form which defects have been removed:
After a defect is thought to have been removed and prior to making weld repairs, the area
shall be examined by suitable methods to ensure the defect has been eliminated.

f) Re-examination of repaired areas:

After repairs are made, the repaired areas shall be blended.

ACCEOTANBCE STANDARDS FOR NON-DESTRUCTIVE TESTING
RADIOGRAPHIC EXAMINATION OF WELDED JOINTS

Radiographic examination shall cover minimum 10% of weld seam and aeeeptance standard for visual
examination and Radiography shall be as follows:

Any of the following imperfections shall not be acceptable.
1. Cracks

2. Zone of incomplete fusion or penetration, which exceed 10% of the weld length of the joint in
longitudinal or transverse butt weld, where full penetration is intended by the weld procedure, some
lack of penetration acceptable. The total length of weld with lack of penetration shall not exceed 10%
of the overall weld length. At no place, shall weld penetration be less than 90% of the thickness of the
material. Continuous occurrence of lack of penetration is permitted, but shall not exceed 50 mm in any
500 mun length of weld.

3. Inadequate weld dimensions, rool cavity (shrinkage) and incompletely filled groove greater than 10%
effective throat thickness.



Excess penetration shall be permitted provided it does not exceed 25% of the wall thickness or 4 mm
whichever is smaller.

5. Weld reinforcement: Build up in excess of 25% of the effective throat thickness shall be dressed. Any
reinforcement shall be substantially symmetrical about the center line of the weld and shall be of
smooth contour blending smoothly at the toes with the parent material.

6. Undercutting and overlapping, preater than 10% effective throat thickness.

7. Elongated cavities and/or worm holes exceeding 3 mm dia or equivalent area in length provided the
limitations on porosity are met with.

B. Copper, tungsten or oxide inclusions greater than t/1 or 3 mm whichever is smaller.

9. Crater pipes exceeding 25970 effective throat thickness or 3 mm whichever is smaller.

10. Porosity: Scattered porosity not exeeeding 0.5% by volume is aeceptable. In general, the size of the
pores shall not exceed 0.8 mm dia, but occasional 1.6 mm dia pores may be acceptable, provided the
following limits are not exceeded.

a) Where pore size is 0.4 mm or less, up to 150 t pores may be permitted in 1000 mm sq.
area of radiograph.

b) Where pore size 1s 0.8 mm or less, up to 19 t pores may be permitted in 1000 mm. sq.
area of radiograph.

c) Where pore sizes are generally 0.8 mun dia or less, but occasional 1.6 mm dia/pores arc
present, up to 9t pores of 0.8 mm dia may be permitted in 1000 sq. mm area of
radiograph, provided the number of pores up to 1.6 mm in dia does not exceed it.

d) However, visible surface porosity> 1mm dia is not acceptablc.

Note: .

L In all cases, t+ thickness of the thinnest section of the weld under examination.
ii. Unacceptable weld defects shall be repaired in accordance with the original welding

procedure. All repairs shall be 100% inspected in accordance with original testing procedure.
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ANNEXURE_INSULATING_ MAT

TECHNICAL SPECIFICATION
FOR INSULATING MAT

Insulating mats

The scope covers supply and laying of insulating mats of “class A” conforming to
IS: 15652-2006.

These insulating mats shall be laid in front of all floor mounted AC and DC
switchboards and control & relay panels located in control room building/
Switchyard panel room

The insulating mats shall be made of elastomer material free from any insertions
leading to deterioration of insulating properties. It shall be resistant to acid, oil
and low temperature.

Upper surface of the insulating mats shall have small aberration (rough surface
without edges) to avoid slippery effects while the lower surface shall be plain or
could be finished slip resistant without affecting adversely the dielectric property
of the mat.

Insulating mat (wherever applicable) shall be of pastable type, to be fixed
permanently on the front and rear side of the panels except for the chequered
plate area which shall not be pasted as per requirement . The insulating mats
shall generally be fixed and joints shall be welded as per recommendations in
Annexure-A of 1S: 15652.

Width of insulating mats shall generally be of 1.5 meters or as per site
requirements. Length shall be supplied as per site requirements.

The insulating mats offered shall conform to IS: 15652-2006.

Technical Specification, Section : SE Page - 28 of 59
C/ENGG/SPEC/SE REV.NO: 09
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BHARAT HEAVY ELECTRICALS LIMITED
TRANSMISSION BUSINESS ENGINEERING MANAGEMENT

COPYRIGHT AND CONFIDENTIALITY
The information on this document is the property of BHARAT HEAVY ELECTRICALS LTD.

It must not be used directly or indirectly in anyway detrimental to the interest of the company

NEW DELHI
DOCUMENT No. TB-XXX-316-041 | Rev. No. | 02 Prepared | Checked | App.
TYPE OF DOC. STANDARD TECHNICAL SPECIFICATION NAME NK MK KK
TITLE SIGN Sd/- Sd/- Sd/-
PVC PIPE & BENDS DATE
GROUP TBEM W.0.
No
CUSTOMER
CONSULTANT
PROJECT RATE CONTRACT
SCOPE AND SPECIFIC TECHNICAL REQUIREMENT
1.0 SCOPE

This technical specification covers design, manufacture, testing at works, packing and
dispatch of ‘PVC pipe, its fittings and bends’. The material supplied shall fully comply with
relevant Indian Standard given below and the product shall be BIS certified. The sizes and
types of Pipes shall be as specified below. No Technical Deviations shall be acceptable in
this regard.

1.1 SPECIFIC TECHNICAL REQUIREMENT

1.1.1 UPVC Pipe
The UPVC pipes shall be of nominal diameter 50 mm and/ or 110 mm, as per the indent. The
pipe shall be of Class-Il & Class-IV Grade as per IS 4985: 2000 and shall be of standard
length of 6 meters. The pipe shall fully comply with specified standard and carry the BIS
certification marking.

1.1.2 Sockets
The sockets shall fully comply with the requirements of IS 7834 (Part-6)-1977.

1.1.3 For Bends
The bends shall be of 45°, 60°, 90° and Tee as specified, for above mentioned pipes. The
bends shall, in general, comply with the requirement of IS 10124. The specific requirements
and BIS certification marking of these bends shall be as per IS 10124 (Part-9) and IS 10124
(Part-10) respectively.

1.2 BILL OF MATERIAL
As per enclosed Annexure-1.

\ \\
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1S : 10124 ( Paxt 10 ) - 1988

2.2.2 Dimensions — The dimensions of 45°
bends shall comply with Table } read with Fig. 1.

2.2.3 The bends may cither be plain at both
ends of socketed cither at one end or at both ends
as agreed to between the manufacturer and the
purchaser. In the case of socketed bends, the
socket measurements shall comply with IS : 10124
( Part 1)-1988*,

Nore | — For 025 MPa pressure class, fabricated
bends should nat be made from 0-25 MPa pressure
class pipes. For this, bends made from 04 MPa
pressure class pipe should be used.

Norx 2 — The drawing is only intended to define the
1erms used in Table 1 and ie not intended to iftustrate
spocific design {catures,

3. MARKING

3.1 Each 45° bend fitting shall be marked with
the following information:

a) Manufacturer's name or identification mark,

sSpecification for fabricated PVC fittings for potable
water supplics: Part 1 General requircments,

b) The size of the bend and the appropriate
class ( working pressurc ) of IS :4985-
1988* to which the pressure rating of the
fitting corresponds,

¢) The degree of bend, and

Fig. 1 45° Benp

*Specification for unplasticized PVC pipes for potable
water supplies ( sevond revision ).

TABLE 1 DIMENSIONS OF 45° BENDS

( Clouses 2.2.2 and 2,2.3, and Fig. 1)

All dimensions in millimetres,

Sz Y L Rt
Min Min Min
{ Only for
plain ends )

(1) 2) (3) (4)
63 149 63 189
15 177 75 228
90 212 90 270

110 259 110 330

125 295 125 315

140 330 140 420

160 n 160 480

180 424 180 540

200 471 200 600

225 530 225 675

250 589 250 750

280 660 280 840

315 742 315 945

355 837 355 1065

400 842 400 1200

450 1060 450 1350

500 1178 500 1 500

560 1319 560 1680

630 1484 630 1390

MivaMUM WaLL THICKN®SS ( f ) o2 WORXING

PRESSURR
— A -_—
04 MPa 0:6 MPa 1°0 MPa
(Clasa 2) (Class 3) (Class 4)
(3) (6) (7)
14 20 32
17 24 38
19 28 45
23 34 5-5
27 39 63
29 44 70
34 49 80
38 55 90
42 62 100
47 69 112
52 77 12's
58 86 139
65 97 15'6
73 108 177
82 12°2 19-8
93 137 224
10°3 153 248
11'6 17-2 27°8
13°0 19-2 313

Norz — Minimum wal] thickness if calculated on the basis of 90 percent of the mini i
corresponding size and pressure ¢lass of pipe rounded off to the next hig%eerr 01 mm, nimum wall thickaess of the

*Y is cakulated from 3%; x 2x R,

1R, radius of the Yead, is equal to 3 times the rominal outside diametor ( D ).




IS : 10124 ( Part 8 ) - 1988

2.2.2 Dimensions — The dimensions of 90° a) Manuf: ’ i ificati
bends shall comply with Table 1 read with Fig. 1. ) Manufacturer’s name identification mark,
2.2.3 The bends may either be plain at both b) The size of the bend and the appropriate
ends or socketed either at ome end or at both class *( working pressure ) of IS: 4985-
ends as agreed between the manufacturer and the 1988* to which the pressure rating of
purchaser. In the case of socketed bend, the the fitting corresponds,
socket measurements shall comply with IS:
10124 ( Part 1 )-1988*. c) The degree of bend, and
N — For 025 MPa lass, fabricated .
bcn(?sT l;hould not be made %;25:1“5?22: ahs;Pa aprr:;:uic d) The bend shall be marked in colour as
class pipes. For this, bends made from 0'4 MPa pres- indicated below for different classes of
sure class pipe should be used. fittings:
Norr — The drawing is only intended to define the .
terms used in Table 1 and is not intended to illustrate Class of Fitting Colour
specific design features,
3. MARKING Class 2 (0'4 MPa) Blue
3.1 Each 90° bend fitting shall be marked with Class 3 (0'6 MPa ) Green
the following information: Class 4 ( 1°0 MPa ) Yellow

*Specification for fabricated PVC fittings for potable — . . .
water supplies: Part 1 General requirements (firs¢ *Specification for unplasticized PVC pipes for potable
revision ). water supplies ( second revision ),

TABLE 1 DIMENSIONS OF 90° BENDS
( Clauses 2.2.2,2.2.3 and Fig. 1)
All dimensions in millimetres.

SizE Y* L Rt Mixtvum WALL THICKNESS ()
Min Min Min ¥OR WORKING PRESSURE
( Only for p — A — S—
plain ends ) 04 MPa 0°6 MPa 1'0 MPa
(Class 2) (Class 3) (Class 4)
1) (2) (3) (4) (5) (6) (7)
63 297 63 189 14 2°0 32
75 354 75 225 17 24 38
90 424 90 270 19 28 45
110 519 110 330 23 34 55
125 589 125 375 27 39 63
140 660 140 420 29 4:4 7-0
160 754 160 480 34 49 80
180 848 180 540 3-8 55 90
200 942 200 600 42 62 10:0
225 1060 225 675 47 69 112
250 1178 250 750 52 77 12'5
280 1319 280 840 58 86 139
315 1484 315 945 65 9-7 156
355 1673 355 1065 73 10°8 177
400 1 884 400 1200 82 12:2 198
450 2120 450 1350 9-3 137 22°4
500 2 355 500 1500 103 15-3 248
560 2638 560 1680 11°6 17°2 27-8
630 2 968 630 1890 13:0 19-2 318

Notr — Minimum wall thickness is calculated on the basis of 99 percent of the minimum wall thickness of the
corresponding size and pressure class of pipe rounded off to the next higher 0°1 mm.

*Y is calculated from 3?6%? x 2x R.

4R, radius of the’bend, is equal to 3 times the nominal outside diameter ( D).
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Bharat Heavy Electricals Ltd.
Doc. No. TB-xxx-618-002a R4
Technical Specification

G| HARDWARES

1.1

1.2

1.3

SECTION - 1
SCOPE, SPECIFIC TECHNICAL REQUIREMENTS & QUANTITIES
SCOPE
The scope of this specification is to specify all details required by a supplier for
supply of galvanized hardwares for projects being executed by BHEL on turnkey
basis for NTPC, PGCIL, SEBs and other Customers.
SPECIFIC TECHNICAL REQUIREMENTS

The specific technical requirements shall be as per Standard Technical
Specification (Refer Section 2).

QUANTITIES

The quantities shall be as per attached BOQ.

SECTIONA1, Page 1 of 1




Doc. No. TB-XXX-618-002a R4

Bharat Heavy Electncals Lid. )

Technical Specification
G! HARDWARES ‘

2.0

241

2.2

23

SECTION - 2
GENERAL
This section covers the standard technical specification for Gl Hardwares.
BOLTS:

M186 bolts shall be used in all types of structures except equipment mounting/
earthing bolts which shall be as per equipment requirement.

All bolts for member connections in towers, beams & equipment support
structures shail conform to IS: 12427 - 2001 and for step bolts shall conform
to 1S: 10238 - 1982.

The mechanical properties shall conform to property class 5.6 of 1S:1367
(part 3) - 1991.

All bolt heads shall have hexagonal shape, the heads being forged out of the
solid matenal truly concentric and square with the shank, which must be
perfectly straight.

Fully threaded boits should not be used.

All bolts shall be threaded with metric standard thread to take the full depth of
the nut and permit firm grip of the member.

All bolts shall be hot dip galvanized as per |S: 1367 (Part 13) - 1983,
NUTS:
All nuts shall conform to I1S: 1363 (Part 3) —-1992.

The mechanical properties shall conform to property class 5 of 1S:1367 (part
8) — 1980.

The nuts shall be capable of being worked with fingers along the entie
thread=d portion of the bolt with a neat fit capable of developing the full
strength of the bolt.

All nuts shall be hot dip galvanized as per IS: 1367 (Part 13) - 1983.

PLAIN WASHERS:

All plain washers shall be punched washers, A type conforming to 1S: 2016-
1967.

These shall be hot dip galvanized as per |1S: 4759 - 1984.

SECTION-2, Page 10f 3
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Bharat Heavy Electricals Ltd.
Doc. No. TB-XXX-818-002a R4
Technical Specification

G| HARDWARES

2.4

2.5

SPRING WASHER:

All spring washers shail be of spring steel, positive lock type and conforming
to type B of IS: 3063-1972. The thickness of spring washer shall be as
specified under:

Bolt Diameter Thickness of Spring washers
16 mm 3.5 mm
12 mm 2.5 mm

These shall be electro-galvanized as per I1S: {573 - 1986.
UNIT WEIGHT OF BOLTS I/C NUT, PLAIN AND SPRING WASHERS:

For purpose of payment, following unit weights as indicated below shall be
considered.

A) STANDARD BOLTS I/C ONE NUT UNIT WEIGHTS

S.NO. TYPE SIZE OF BOLTS | TOTAL WT (KG)
1 M16 16 $ X35LG 0.117
2 M16 16 $ X 40 LG 0.125
3 M16 16 ¢ X 45 LG 0.133
4 M16 16 § X 50LG 0.141
5 M16 16 ¢ X 55 LG 0.149
6 M16 16 ¢ X 80 LG 0.157
7 M16 16 ¢ X 65LG 0.164
8 M16 16 ¢ X 70 LG 0.172
9 M16 16 ¢ X 75 LG 0.180
10 M16 16 ¢ X 80 LG 0.188
11 M16 16 ¢ X B5 LG 0.196
12 M16 16 6 X 90 LG 0.204
13 M16 16 $ X 95 LG 0.212
14 M16 16 ¢ X 100 LG 0.220
15 M12 12 $ X35LG 0.0620
16 M12 12 ¢ X 40 LG 0.0664
17 M12 12 ¢ X 45 LG 0.0708
18 M12 12 ¢ X 50 LG 0.0753
19 M12 12 ¢ X 55 LG 0.0797
20 M12 12 ¢ X 60 LG 0.0842

SECTION-2, Page 2 af 3
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Bharat Heavy Electricals Ltd.
Doc. No. TB-XXX-618-002a R4
Technical Specification

G| HARDWARES

B.) SPRING WASHER

S. NO. TYPE TOTAL WT (KG)
1 3 5mm thk (M16 bolt) 0.00891
2 2.5mm thk (M12 bolt) 0.00382

C.) For supplies of bolts ifc nuts, plain washers and spring washer other than
those listed above, payment shall be made based on unit weights worked
out considering theorstical dimensions & density of steel as 7850kg/cum.

SECTION-2, Page 3 of 3




RISH Dwcer PT 602, 1 or 2 channels
Configurable transmitter for Pt 100

Data Sheet

Transducer for measuring
Temperature (Equivalent resistance)

.W
<«
RIS&BH

RISH Daucer

RISHABH

| RISH Ducer
PT 602

Fig. 1 RISH Ducer PT 602, 1 channel Fig. 2 RISH Dueer PT 602, 2 channel
version, in housing S17 clipped on version, in housing S17 hole mounting
to a top - hat rail. brackets pulled out.

\
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Application

The transmitter RISH Duwcer PT 602 ( Fig. 1 and 2 ) Converts the
input variable-a signal from a resistance thermometer Pt 100- to a
temperature linear output signal.

The analogue output signal is either an impressed current or
superimposed voltage which is processed by other devices for
purposes of displaying, recording and / or regulating a constant.

Versions are available for two, three or four - wire connection.

DIP switches are provided for the coarse setting of the measuring
range and the fine adjustment is accomplished using the
potentiometers.

Red LED's signal an open or short-circuit feeler. In both cases, the
output signal adopts its maximum value.

In the case of an current output, provision is made for switching
between 0... 20 mA and 4... 20 mA.

The transmitter fulfil all the important requirements and regulations
concerning electromagnetic compatibility EMS & safety ( IEC 1010
resp. EN 61 010). It was developed & is manufactured & tested in
strict accordance with the quality assurance standard & ISO 9001

Features / Benefits

* Measuring ranges configurable with DIP switch and potentiometer .
* Non - Standard user - specific ranges available .

* Red LED's indicator : an open or short - circuit.

* Electric isolation between input & output 2.3 kV and power

supply & all other circuits 3.7 kV - Fulfils EN 61 010.
* Universal (DC / AC) power supply.

* Provision for either snapping the transmitter onto top-hat rails
or securing it with screws to a wall or panel.

* Housing only 17.5 mm wide (size S17) / low space requirement

Technical data

Measuring input resp. measuring inputs -
Type Pt 100 (DIN IEC 751)

<1mA

Ri >4 MQ

Two - wire connection < 25 Q per
lead ( total 50 Q)

Three -/four - wire connection
<25 Q perLead

Two - wire connection

Resistance thermometer

Measuring current
Input resistance
Lead resistance

Temperature range

-150 ... 800°C
Three -/ four - wire connection
-170 ... 800°C
Min. span 50°C
Max. span 700°C

Example 1 : Range -150°C to 800°C
Lower side possible range is -150°C to 550°C (Span=700°C)
Higher side possible range is 100°C to 800°C (Span=700°C)
Example 2 : Range 0°C to 45°C or -20°C to 10°C
These ranges are not possible because Min span required is
50°C whereas available span is less than 50°C
Two - wire connection 400°C
Three-/four - wire connection 500°C

Max. initial value

Max. ratio between
offset and span

A .o
T—T, <10 (T,and T¢in °C)

Measuring range settings — Coarse setting with DIP switches
— Fine adjustment with
potentiometer "Zero" and "Span"
Potentiometer setting Dependent on temperature range,
range typical values :
— Span, approx. + 60% of full scale
— Offset, approx. + 100°C

(12 - turn helical potentiometer )

Measuring output resp. measuring outputs G»

DC current 074 ...20 mA

switchable by plug - in jumper
Burden voltage 10V
Open-circuit voltage <20V

R., max. <500 Q

ext

<1.5% p.p., DC...10 kHz

External resistance
Residual ripple

DC voltage 0..10V

Short-circuit current <40 mA

Load capacity R, min. > 2 kQ

Residual ripple <1.5% p.p., DC...10 kHz
Response time <500 ms

Open-circuit sensor circuit and short-circuit supervision
Pick-up level — At open - circuit

approximately 1 to 400 kQ
— At short - circuit

approximately 0...30 Q

Fault signaling mode — Frontplate signals
Red LED for signaling fault
— Output signal at 0/4...20 mA,
output approx. 25 mA at

0...10V, output approx. 12.5V

Accuracy data (acc. to DIN/IEC 770)

Basic accuracy Max. error < + 0.5%
including linearity and repeatability
errors for a standard range
0..100°C and for reference
conditions.

Additional error < + 0.35% for linearised

(additive) characteristic.
Influence of lead — Two - wire connection :
resistance

Compensated by potentiometer
— Three - wire connection :

0.15 K of measuring range

per 10 Q

Lead resistance

>0.375 K total
— Four - wire connection :

0.1 K of measuring range

per 10Q

Lead resistance

>0.375 K total
Selector switch for

0...20/4...20 mA +0.1%

www.rishabh.co.in

Page 2 of 6

Version:1/04/XVI/0112/B



Reference conditions

Ambient temperature

Power supply
Output burden

23°C,+ 2K

24 VDC + 10% and 230 VAC £10%
Current: 0.5. R, max.

Voltage: 2 . R,,, min.

ext

An external supply fuse must be provided for
DC supply voltages supply > 125 V.

Influencing factors

Temperature
Burden

Long-term drift
Switch-on drift

Power supply H—O :

< +£0.2% per 10K

< % 0.1 % for current output
< 0.2 % for voltage output,
ifR..> 2. R, min.

ext ext

< £0.3 % /12 months
<+05%

AC/DC power pack (DC and 45...400 Hz)
Table 3: Rated voltages and permissible variations

Nominal voltages U

Permissible variation

24... 60 VDC/AC

DC-15... + 33%

85...230V 'DC/AC

AC*15%

Power consumption

1 Channel version
<1.2 W respectively <2.3 VA
2 channel version

<1.8 W respectively <3.4 VA

Environmental Conditions

Commissioning
temperature

Operating temperature
Storage temperature
Annual mean

relative humidity

Standard

Electromagnetic
Compatibility

Protection (acc. to IEC 529
resp. EN 60 529)

Electrical standards
Operating voltages
Pollution degree

—10to+55°C
—251to0 + 55°C
—40to +70°C

<75%

The standard DIN EN 50 081-2 &
DIN EN 50 082-2 are observed

Housing IP 40
Terminals IP 20
Acc. to IEC 1010 resp. EN 60 010

< 300 V between all insulated circuit

2

Electrical insulation

All circuits ( measuring

inputs / measuring outputs / power

supply) are electrically insulated

Permissible vibrations
Shock

Weight

2 g acc. to EN 60 068-2-6

50¢g
3 shocks each in 6 directions
acc. to EN 60 068 - 2 - 27

1 channel approximately 180 g
2 channel approximately 200 g

Installation Category

acc. to IEC 664 [l for power supply

Il for measuring input and measuring
output

Double insulation: — Power supply versus all circuits

— Measuring input versus measuring
output

Test voltage: Power supply versus:

—all 3.7 kV, 50 Hz, 1 min.

Measuring inputs versus:

— measuring outputs 2.3 kV, 50 Hz,
1 min.

Measuring input 1 versus:

— measuring input 2
2.3 kV, 50 Hz, 1 min.

Measuring output 1 versus:

— measuring output 2
2.3 kV, 50 Hz, 1 min.

Installation Data

Mechanical design Housing S17
Refer to Section "Dimensional
drawings" for dimensions

Material of housing Lexan 940 ( Polycarbonate )
Flammability class V-0 acc. to UL 94,
self - extinguishing, non - dripping,
free of halogen

Mounting For snapping onto top - hat rail
(35X15 mm or 35X7.5mm) acc. to
EN 50 022
or

directly onto a wall or panel using the
pull - out screw hole brackets
Mounting position Any
Terminals DIN / VDE 0609
Screw terminals with wire guards for
light PVC wiring and
max. 2 X 0.75 mm’or 1 X 2.5 mm ?

www.rishabh.co.in
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Electrical connections Table 4 : Connection of the measuring input leads E1

and E2
Front
Measuring inputs| Connection| Wiring diagram
mode* Terminal
arrangement
Rw1
Two-wire
connection
]
=
Q
£
i Measuring input | 1nree-wire
§ 9 1NPUt| connection
S —© E1
RISHABH RISHABH .
PT 602 .g
- Four-wire
Spon Q@ g connection
Zero (Z@
: 20 @
ON 3% ON & © ON Two-wire
Green LED's connection
1 1 . ‘ for indicating device
(L .
Span (z@ ONK standing by
Zero Q@ s Measuring input | T nree-wire
e — e — Red LED's - E1 connection
@ @ @ @ @ for indicating operation
—{ = 1 =] ] of open - circuit or
3[8 |[13] 13118 |[13] short - circuit Four-wire
1%, ) £ connetion
) & e 2
4119 114 14119 1|14 £
N
@ @ @ < Two-wire
5 & B i ﬂ B s connection
c
. . )
Without With 7]
o Three-wire
transparent cover transparent cover > Measuring input | connection
-© E2
8
Four-wire
connection
_® _® * RISH Ducer PT 602 units with type designations 602-1XX 1 and 602-
E1 E2 1XX 2 can operate with either two or three-wire connections, but units
L . . with the type designation 602-1XX 3 only operate with a four-wire
E1 = Measuring input 1 }Termlnal allocation acc. to connection.
E2 = Measuring input 2 | Connection mode, see Table 4

A1 = Measuring Output 1
A2 = Measuring Output 2
H = Power supply

www.rishabh.co.in Page 4 of 6 Version:1/04/XVI/0112/B



Dimensional Drawings
(All dimensions are in mm)

14 85
Q. P — : -
= :
— - =
/ " o < ©
( | 17.5%° 146.5 & e &
5l
LI
LI
|
. e
12
17-5+05 -—- -

145.5

Fig. 3 RISH Duecer PT 602 in housing S 17 clipped onto a top -hat rail
(35 X 15 mm or 35 X 7.5 mm, acc. to EN 50 022 ).

Standard Versions

Inputs (s) set to a range of 0...100°C and output (s) to a range
of 4...20 mA. Configured for three - wire connection. DIP
switches enable the temperature range to be configured

between a minimum of - 170°C to a maximum of + 800°C:;
potentiometer for fine calibration of " Zero " and " Span ".

Table 1: Standard version with 1 input 1 output

Input Output Power supply DC/AC
0...100 °C 0/4...20 mA 24...60V
configurable R, <500 Q 85...230V

Table 2: Standard version with 2 input 2 output

Inputs 1 & 2 | Outputs 1 & 2 | Power supply DC/AC
0...100 °C 0/4...20 mA 24...60V
configurable R, <500 Q 85...230V

Standard accessories

1 Operating Instructions
2 Pull out clamp S17 (for opening the housing)

3 Front label

Fig. 4 RISH Ducer PT 602 in housing S 17 with screw hole brackets
pulled out for wall mounting.

www.rishabh.co.in
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Table 5 : Ordering Information (See also Table 1 and 2 : "Standard Version" )

DESCRIPTION MARKING

1. Mechanical design
Housing S17 for rail and wall mounting 602 -1

2. Number of measuring inputs / measuring ranges
1) With 1 measuring input / measuring range 1

2) With 2 measuring inputs / measuring ranges 2

3. Version / Power supply
1) Standard, /24 ... 60V DC/AC 1
2) Standard, /85 ... 230 V DC/AC 2

4. Connection mode (applies to inputs 1 and 2)

1) Two-wire connection RL1[Q] _ 1
Rz o] [

2) Three-wire connection 2
3) Four-wire connection 3

5. Measuring input 1
1) Measuring range 0...100°C 1
9) Measuring range [*C] _ 9
Line 1: Measuring ranges configurable, see Operating Instructions
Line 9: —170 to + 800 °C, span min. 50 °C, max. 700 °C, see technical data

6. Measuring input 2
0) Measuring input 2 not used 0
1) Measuring range 0...100°C 1
9) Measuringrange 2 [°C] _ 9
Line 1: Measuring ranges configurable, see Operating Instructions
Line 9: Possible measuring ranges see measuring input 1

7. Measuring outputs 1 or 2 (applies to outputs 1 and 2)

1) Output 0/4 ... 20 mA (configurable by plug-in jumper(s),
setto 4 ... 20 mA) 1

2) Output0...10V
3 ) Output 4/0 ... 20 mA (configurable by plug-in jumper(s) set to 4...20mA)

8. Certificate
0) Without test certificate 0
1) With test certificate 1

Possible special Version, e.g. increased climatic rating on inquiry.

RISHABH INSTRUMENTS PVT.LTD.
R I S H A B H F-31, MIDC, Satpur, Nashik-422 007,India.

Tel.: +91 253 2202160, 2202202 Fax : +91 253 2351064

.

| A<
‘ E-mail ; India :- keti ishabh.co.i

wmemsse | INSTRUMENTS el

Measure, Control & Record with a Difference www.rishabh.co.in

«
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COMPUTER DRG. PATH NAME :

REF. DRG. NO.

SIGN. AND DATE

W 5 . : 7 ] ,-
= |
TB-1-425-510-001 | i
-— -— - -— L i1 ¥ =
- - il
ON ©dd P ?
] .-'!, | o
~(INCLUDING MAIN & AUX BUS WORK FOR BAYS UNDER SS09T PKG) ‘..r - -t ‘h‘"‘ -
765KV RAICHUR D/C i
765KV NARENDRA D,/C BILL OF QTY. FOR 765kV MAIN EQUIPMENTS:
RAICHUR LINE RAICHUR LINE
(UNDER SS09T PKG) (UNDER SS09T PKG)
NARENDRA LINE NARENDRA LINE KOPPAL-SS06T | KOPPAL-SS09T
(UNDER SS06T PKG) (UNDER SS06T PKG) 709—LAL I 718—LAL FUTURE LINE 3 FUTURE LINE 4 FUTURE LINE 5
| 3jig BEEE 721—LAL I 724—LAL I 727—LAL I S C QTY QTY QTY QTY
‘ BUS REACTOR—1 BUS REACTOR—2 Topr e curL | Forr ison | | | . C. (NO.) (NO.) (NO.) (NO.) SCOPE OF
f (UNDER SSOET PKE) (UNDER SSO6T PKG) T ey B " , 71-cvit ‘L‘}J—H% , 724-cv1L ‘P#Hw , 727-cv1L ‘F%H , 728-cviL ‘P#H SLNO. PESCRIPTION RATING RATING SYMBOL 1 as per | Asper | Asper | As per SUPPLY LEGEND | MAKE
! P2 7osm et 7271—NCT( T / 724—NCT( = 727—NCT( = / 72']7\\‘:?': /
oI B TOOTNCTL, 715=52NGR § 7157NGR709789LE z\:jSZNGR g 7187NGR718789LE | ; E 721w | F I r24-4T F I e F Tr o o - o
o5 en 706—52NGR g 706-NGR w 721-52NGR F§T 721-NGR ) 724—52NGR rgj 724-NGR ‘ 727-52NGR FL:T 727—NGR 729-52NGR s 1 500 MVA, (1_PH) @/@/33KV 50 KA FOR 1 S @ _ 7 _ 6 POWERGRID# T BHEL
B e —+= 715—LANGR | o] i o %> 718—LANGR —F»f Hi o %} %J R j—/_m E?H R T/—i' Ei B ‘j—/‘—l' == AUTOTRANSFORMER B3 3
\ 721-89L iil@ \ 724-83L (\XL\)@ \ 727-89L (\XIX\)Q
703—LANGR 706-LANGR — 1 721 ZLANGR %—E'—“‘ %l TZATLANGR o= HHO Z7LANCR —5— l,:flﬁo 29-LANGR 2 80MVAR LINE REACTOR (1-PH) L65KV 50 KA FOR 1 S. @ - 7 - - POWERGRlD# R BHEL
77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 - /3
S \ \ \
145kV AUX. NEUTRAL BUS ﬁ ( 145kV AUX. NEUTRAL BUS ‘ ‘ ‘
— i > ot _ows sy b ———— —_— ————— - m———— b4 - ——- 3 | 110MVAR LINE REACTOR (1-PH) 765KV 50 KA FOR 1 S. Faar] ] ] ] 6 | POWERGRID# R BHEL
3x80 MVAR SWITCHED 3x80 MVAR SWITCHED NG MvAR SITEHED WXHQ- MVAR SWITCHED 3x110 MVAR SWITCHED ‘ ‘ ‘ J73
3 2 # o BUS REACTOR 2 # B ;] D \ 2| UREREACTOR(F) ‘ 4 50 KAFOR 18S. #
7057 703-Rs 706-R 709-Rs ( 715-R 718-R | » | | 110MVAR BUS REACTOR (1-PH) 765KV Fascs ] - 7 - 0 POWERGRID R BHEL
- "‘ ‘ 724—LALR ! 727—LALR ! 729—LALR ! J73
703—LAR 703—LARS || 706—LAR 7O9-LAR 712—LAR I 709—1ARS ! 715-LAR 718—LAR [ I i] . : ‘ I . , | R, - , . . ,
-] 21-52LR 3 X 1-PH | 24-521R 3 X 1-PH | 27-52R SO0 TPH 29=02le SR NGR FOR REACTOR (500 ohm for
S roszm (B s e ressn [P] s x1-en | | tﬁ | | 5 | Raichur & 600 ohm for Narendra CKT) | 0% NA ] - 2 - 2 | POWERGRID# ~ NGR BHEL
“ ol 21—-89LRE o ‘ 724—89LRE oo . 727—89LRE e 729—-89LRE o
703-89RE 706—89RE ] 712-89RE O /15-89RE 7187898 o~ | :—\ a } :—\ B ‘ SF6 CIRCUIT BREAKER WITH CR,
709—-89RE N 721-89LR ; 3 X 1-PH ‘ 724-89LR | 1-PH | 7-89LR \ 1-PH 29-89LR 6 WITH CSD (3_PH) WITH SUPPORT 3150A 50 KAFOR 1 8S. E)]* 2 0 2 2 BHEL 52 GE
703-89R 706—89R °S 3 X 1-PH 209-89R 715-89R 3 X 1-PH 718-89R ® 3 X 1-PH © 7} ‘L ***** ﬂ ‘L - *‘ ***** STRUCTURE
<ot soimen poesoirsy | r—somss | S SF6 CIRCUIT BREAKER WITH CR, WITH
) 721-89LRS2 | _— ‘ 24-89LRS2 : - | 27-89LRS2 : — | 9-89LRS2 )
703—B89RS2 706-B9RS2 3 X 1—PH 709—89RS2 /1emBIRs2 715-89RS2 3 X 1-PH 718-89RS2 3 X 1-PH 7 ‘ ‘ i } f | 7 -OUT CSD (3-PH) WITH SUPPORT 3150A S0KAFORTS. [Oi 4 4 2 2 BHEL 52 GE
« | } { | STRUCTURE
5 % 1_pi 21-89LRST | - 724-89LRST & — ‘ 727-89LRS1 Oy — | 9-8ILRS1
S— S S Tis-ssRst 3 X 1P 2 } ; | « | 8 %?ﬁg%lg Eﬁf@’f?ﬁgﬂ;ggg CR, ' 3150A 50 KA FOR 1 S. ﬁ* 4 o ) ) BHEL 5 e
765KV REACTOR AUX. BUS EARTH SWITCH IN EARTH SWITCH IN 765KV REACTOR AUX. BUS ‘ ‘ ‘ ‘ B
| (FOR BOMVAR REACTOR) ONE PHASE ONLY ONE PHASE ONLY (FOR 11OMVAR REACTOR) | | [y J ______ ‘ ______ - ‘ ______ - N R STRU CTU RE
(4.5" AL TUBE) (4.5" AL TUBE) ‘ -y_
| SF6 CIRCUIT BREAKER WITHOUT cr *
| | | 3150A 50 KAFOR 1 S.
R (N (N N S o e I 9 WITH CSD (3-PH) FOR 1 PH SWITCHING WITH [Fﬂ 2 2 2 2 BHEL 52 GE
(FOR BOMVAR REACTOR) \ r ‘T SUPPORT STRUCTURE
| SF6 CIRCUIT BREAKER WITHOUT CR
| | 10 , | 3150A 50 KAFOR 1 S.
gy | s } X WITH CSD (1-PH) PROVISION WITH 2 2 NA | NA BHEL 52 GE
T o > E— T o > T e T T T T T T T T T T T T T T T T TR T T T T T T SUPPORTS TRUCTURE
TE g 2 05-89A 706—89A %> 709-89A @ 712-89A % 716-89A 718-89A %>} . TD ‘ . W~ } . W~ } o 11 ISOLATOR WITH ONE E/S 3150A 50 KAFOR 1 S. &;] 12 12 10 10 BHEL 89/89E S&S
B<Ufmgu 703—89AET | 706—89AF o o 709-89AE1 -0~ O] 712-89AF o o 715-89AE 4 oo | 718—89AE o~ o 21medn o é } 24—¢ o ; | 2 IA . ; | a (3 PH) VERTlCAL KNEE TYPE jj{
| - | ISOLATOR WITH TWO E/S Lo
0] x| | * | 0] o] | o B | B | 12 o VERTIOAL KNEE TvPE 3150A 50 KA FOR 1 S. 10 10 4 4 BHEL 8;9/89E1 S&S
703-CT 706—ct 27 709-CT pz? 712-CT PZ? 715-CT P27 718-CT PZ%% - R | . B | - - | - ( ) - - 89E2
Pl Pl P Pl P 21-89BE ‘ 724—89BE ’ ‘ 27—89BE - ‘ 729-89BE
703-89BE 706-89BE o~ 0] 70989BE oo 712-89BE oo 7157898 oo 718-89BE ooy 1-0~"0] o0 o ISOLATOR WITH ONE E/S 3150A 50 KAFOR 1 S.
, | , | | PN 89/89E1
703—-89B 706—-898B %; 709-89B %} 712—-89B %> 715—89B %> 718-898B %> e OLQO ‘ e j‘ig ‘ I j‘lg ‘ —89E 13 (1 PH) VERTICAL KNEE TYPE 21 21 12 12 BHEL S&S
- - - T ‘ \ ’l,/’o ‘ \ '\,xo ‘ =
f f
o I R 4 — ISOLATOR WITHOUT E/S 3150A 50 KA FOR 1 S. 89
702-89BE1 | 705-89BE1 o o] 708-89BE -0 o 11-89BET o] 714-898E1 o o] 717-898E1 1o~ o] 07 o B k T f R 14 (1 PH.) VERTICAL KNEE TYPE @Q 33 33 24 24 BHEL S&S
720-898 O(Lo 23-895 m 726-895 mﬁ 898
702—89B 705—-898 708—-89B E} 711-89B 714-89B 717-89B ) Qo ’o CURRENT TRANSFORMER
%} ] | ¢ W owors W 15 | (1 PH.) WITH 120% EXTENDED S000A SOKAFORTS. 30 30 18 18 BHEL cT GE
702—89BE2 | 705—89BE?2 ‘U—O/CF 708—-89BE2 w}—o/(} 711-89BE2 w}—o/cy 714—89BE2 w}—o/C% 717—89BE2 w}—o/& U f;E:/ =0 * S e ‘i‘fr\ ) =0 ‘:i\ ) CURRENT RATING
702-52 70552 @ 708-52 *[] 711-52 *[] 714-52 *@ 717-52 *@ ' * o * - * - .
R R - . | —
= 702-CT 705-CT 1] 708—CT PW? 711-CT P 714—CT P 717-CT ng o D) o D o 5D o 16 CVT (1 PH) 8800pF NA T 12 12 6 6 BHEL CvT BHEL
T sz P2e] sz P2 P2 S _80AF T 726—89A T —8OAE -
E 702-89AE2 | 705-89AE2 o o] 708—89AE2 ;o O 711-89AE2 o o] 714-89AE2 o0~ o 717-89AE2 o~ O - oo . . oo ) . o~ o] .
qé 702-89A 705—89A 708—89A 711-89A 714-89A % 717-89A % e ‘ Q o \,Hg e \Jh o 17 SURGE ARRESTER (1 PH) b2t kv NA ! 27 27 18 18 BHEL LA LAMCO
i E} i B > i i 7 i |
x | - ‘ _ . o 708-89AE1 o 7 . o 714-89BE1 o 717-89BE1 o HTEAE oo TR oo I oo o
A e e - e o o HE— - ——— b 1g | WAVETRAP (1 PH.) PEDESTAL 1mH, 3150A | 50 KA FOR 1 . 04 04 04 04 BHEL Wt GE
@ | | 719-898 L 722-898 | \ 725898 \ T‘ TYPE.
2 o A N %} Ol i i } {: | ﬂ° | CONTROL SWITCHING DEVICE (CSD)
2l e 2-sa | 2589 | 1mH, 3150A | 50 KAFOR 1S. 10 8 6 6 WT
< oo 7% ror-ssee. oo rio-ssee (oo ra-senE oo rio-ssoE o] B | o | o | 19| FOR ABOVE CIRCUIT BREAKERS | * BHEL GE
;\ B 04-CT o 707-CT Pw% " F’W%% 713-CT ] 716-CT %,3 ) D, | o D) \ o kb, ‘
2| - L ﬁ o o o ZjE] e o e o] ~52 *E] } 722-52 *ﬁ } e *ﬁ } # INDICATES POWERGRID SCOPE OF SUPPLY.
d J— | 207 894E2 0 ] 0898 o] S 689 b e | s | } e | | $ FOR S.NO-8 POWERGRID TO ISSUE SUITABLE BOQ AMENDMENT FOR CHANGE IN QTY.
01—89AE1 oo S e, » ‘ S0 ae [5®; ‘:T el [5®; T |
- 04-89 A M ‘ ",Q | B |
765 kV MAIN BUS-| B 170‘ CFLQ e } e %> e %> e %> 19—89AE1 Thoo | 22-89AE 1 tf:/’;o } 725 BOAE Tjg‘f" |
HEE | e ¢ r 4 r L o N S A S (S N S B BILL OF QTY. FOR 132 & 33kV MAIN EQUIPMENTS:
1 | |
\
R | |
T S B/ am— ] —f——- —f—— —#—— KOPPAL-SSO06T KOPPAL-SS09T
<8800pr‘ / /
R T et T ‘ o $ g i ; o § R e o $ 5T E : QTY (NO.) QTY (NO.)| QTY (NO.) QTY (NO.)
B 3T 3 o . s | . SYMBOL . . : . SUPPLY |LEGEND
e T13-8eTE b ot " . Q‘T;;i : L . - i Z2TONE L B i S SL.NOC. DESCRIPTION RATING As per BPS|As per SLD| As per BPS | As per SLD
7078975 710-89151 7B TSR . ) | o ) o |
f f f
midigm | | 132 kV, 10 KA -
| SRE Brast oLy 765KV( TRAFO AUX BUS 4 ||~ 1 | | | 1 SURGE ARRESTER (1 PH.) 5 KJ/kV 2 2 2 2 POWERGRID | LANGR
____________________________ T T T T ' |
713—LA 716-LA { 19-LA 22-L CT. (1 PH.) FOR TRANSFORMER 33KV |
— B ‘ 5 o ' ' “ ‘ . ‘\‘ &) ‘ “ . ‘\‘ o) 2 NElJ(TRAL) E, 2 2 2 2 BHEL NCT
o ST 1 3X500MVA AT 3X500MVA AT 3X500MVA AT |1 # 3X500MVA AT 95 & | “l& g
| TosHO0BIKY —F  785/40033KV ro5 ooy 765 H0033KY 765 140033K EE o B CT. (1 PH.) FOR REACTOR
e = CT- = C C : : 33KV |
S 5 P . e e A g ) 3 3 | NEUTRAL q 2 2 2 2 BHEL NCT
| = = i
i - - " | | |
77777 S 7 ; k ‘ |
Iy TO SHEET 3 TO SHEET 3 ) | | | 145kV CIRCUIT BREAKER (1-PH
L ros-soR | g Ty ALK s G e G207 Temui P K 85 o L | 4 FORNGREBY.PASSING | () 145KV, 1250A, O 2 2+2% 0 0 BHEL | 52NGR
) by - .
| A A e ' F“‘TTHF:E L A ;HTT\ \:F“E L il ‘;TTH:PE . Fr ARRANGEMENT 31.5KA
1 —89LRE e oo (zxoowT/guxSHBEuEsT FOR (4OOKSVH5ERTCU\T) (4OOKSVH5ERTCU?T) (JOOOKSVHE\ERTCU?T) (JOOOKSVHE\ERTCU?T) ), | | S
FOR SPARE TRANSFORMER) ), | | | 145kV CIRCUIT BREAKER (3-PH)
o - ) | | | 5 | FOR NGR BY-PASSING 145KV, 1250A, 0 NA NA 2 0 BHEL 52NGR
01-52LR - 04-52LR 3 “wpr | | | ARRANGEMENT 31.5KA
701—LALR 704—LALR ’\/I ‘ ‘ ‘
o 2 N o St ) } } } $-2 NOS. 145KV, 1-PH CIRCUIT BREAKER SHALL BE SUPPLIED FOR SS09T PACKAGE AS 1-PH 145KV CB IS NOT IN BPS OF SS09T. ACCORDINGLY, 145KV 3PH CB IN SS09T
» g | | | SHALL BE DELETED. POWERGRID TO ISSUE SUITABLE BOQ AMENDMENT FOR CHANGE IN QTY.
‘ | 765KV TRAFO NEUTRAL BUS |</‘w ‘ J_
_________________________________ ‘y—_____ I > |}_______________________ - — T T
701 —LANGR %—El—w g )4—LAN ;F‘%_E,_w
aT — /_i 701-89LE PR AT oesae S A
701-52NGR LT L{J 704—NGR
- ? 01-WT i
O1—=NCT i i 704—NCT
' 701-CVIL ’ ‘WHWJ‘ 704—CVTL
FUTURE LINE 2
800kV CT D ETAI LS CC/T/WAIS/DOM/A10/23/11023/NOA-1/24-103435/01(Supply ) &
800kV CVT DETAILS NOA NO. : CC/T/WAIS/DOM/A10/23/11023/NOA-2/24-103435/02(Services ) DATED : 12.03.2024
ACCURACY MAX RCT [MAX IM AT —
NOTES: - CORE  CURRENTRATIO | ¢%\5q OUTFUT,BURDEN MIN KEV (V) KPV (MA) PURPOSE 800KV / 110V e /s @ < KOPPAL Il GADAG Il TRANSMISSION LIMITED
— 1 30007 20mA on 300071 Tap RATIO /3 J3 /3 J3 NAME OF CUSTOMER/PROJECT Substation Package SS-06T for Establishment of 765/400/220 kV Koppal-Il (New)
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ATO 765kV ICAT-1 BAY(BAY NO - 707 ) TO 765kV ICT-2 BAY(BAY NO - 710) ( TO 765kV ICT-3 BAY(BAY NO - 713) TO 765kV ICT-4 BAY(BAY NO -716)
B Y R B Y R B Y R B Y R
707 89TS28 707 89TS2Y 707 89TS2R 710 89TS28 710 89TS2Y 710 89TS2R 713 897528 713 89TS2Y 713 89TS2R 716 89TS28 716 89TS2Y 716 89TS2R
707 89TB 707 89TY 707 89TR 710 89TB 710 89TY 710 89TR > 713 89TB 71380TY 713 89TR 716 89TB 716 89TY 716 89TR
ﬁ 707 89TS1B ﬁ 707 89TS1Y W}i 707 89TS1R W}i 710 89TS1B ﬁ 710 89TS1Y ﬁ 710 89TS1R ( ﬁ 713 89TS1B W}i 713 89TS1Y W}i 713 89TS1R ﬁ 716 89TS1B ﬁ 716 89TS1Y ﬁ 716 89TS1R
707 89TEB Ti 707 89TEY 707 89TER 710 89TEB 710 89TEY 710 89TER b 713 89TEB 713 89TEY 713 89TER 716 89TEB 716 89TEY 716 89TER
4.5"IPS AL. TUBE 707 89TS1EB 45" 1S AL TUBE 4.5"IPS AL TUBE s
5" . \ 4.5"IPS AL. TUBE
[ 765 KV AUX. BUS FOR SPARE TRANSFORMER | 50 KA FOR 1 SEC . . ) 50 KA FOR 1 SEC . 4 . 50 KA FOR1 SEC ¢ ¢ ® 50 KAFOR 1 SEC - - -
701 LAS\”—E 707 LAB \H—Z— 707 LAY \H—Z— 707 LAR \H—E— 710 LAB \H—E— 710 LAY \H—Z— 710 LAR \H—E— S 713LAB \H—Z— 713 LAY \H—E— 713 LAR \H—E— 716 LAB \H—E— 716 LAY \H—E— 716 LAR \H—Z—
3"IPS AL. TUBE 3"IPS AL. TUBE 3"IPS AL. TUBE ‘:‘ 3"IPS AL. TUBE
[ 33 KV NEUTRAL AUX BUS FOR SPARE TRANSFORMER ] :
NEUTRAL CT N < 33 KV NEUTRAL AUX BUS FOR ICT - 1 l< NEUTRAL CT 2N < 33 KV NEUTRAL AUX BUS FOR ICT -2 l< ¢ NERALCT SN < 33 KV NEUTRAL AUX BUS FOR ICT - 3 < NEUTRAL CT 4N < 33 KV NEUTRAL AUX BUS FOR ICT - 4 <
1 L C 3"IPS AL. TUBE T L T T T 3"IPS AL. TUBE T ’ L [ T T 3'IPS AL. TUBE T L o C 3"IPS AL. TUBE I I
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| se || =" = e || o | o | e | ana || s | e | o || o | —
409LAS
430 8OTER
430 89TSR
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[ 400 KV AUX. BUS FOR SPARE TRANSFORMER | ®

63 KAFOR 1 SEC 63 KAFOR 1 SEC

415 89TEB l 415 89TEY 418 89TEY 418 89TER
/415 89TB %&15 89TSB /415 89TY
B Y

%&18 89TSY /418 89TR
R

427 89TEB

/ 427 89TB %&27 89TSB / 427 89TY
B Y

427 89TEY 430 89TEY

> o1

/418 89TSR %&27 8aTSY / 427 89TR /427 89TSR / 430 80TB / 430 89TSB / 430 89TY
R B Y

T
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415 89TSER
415 89TER %1 418 89TEB 427 89TER 430 89TEB
%&15 8aTSY /415 89TR /415 89TSR /418 80TB %&18 89TSB /418 8aTY
R B Y
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TO 400kV ICT-1 BAY (BAY NO-415) TO 400kV ICT-2 BAY (BAY NO-418) \ TO 400kV ICT-3 BAY (BAY NO-427) TO 400KV ICT-4 BAY (BAY NO-430)
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YNa0d11 DELTA CONNECTION

D MANUAL JUMPERING NEED TO BE DONE BETWEEN TERTIARY BUS AND AUX.TERTIARY BUS TO CONNECT D
THE SPARE TRANSFORMER IN PLACE OF FAULTY TRANSFORMER. WITH RESPECT TO PHASE
(EITHER R-Y, Y-B, B-R) ONLY TWO CONNECTIONS TO BE MADE AT ANY TIME.

MANUAL JUMPERING NEED TO BE DONE BETWEEN NEUTRAL BUS AND AUX.NEUTRAL BUS. WHILE TAKING OUT

o AUTO TRANSFORMER -4 AUTO TRANSFORMER -3 AUTO TRANSFORMER 2 | AUTO TRANSFORMER -1 | 0 niecrions 1q ANY 1-PH AUTO TRANSFORMER FOR MAINTENANCE. ONLY ONE CONNECTION TO BE MADE AT A TIME.
= SL NOANY PHASE OUT OF ANY PHASE OUT OF ANY PHASE OUT OF ANY PHASE OUT OF BE MADE
= SERVICE SERVICE SERVICE SERVICE
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TG BAY NO-709

709—89R(B) g

709—-89RS2(B)
709—-89R(Y) Cg

TO BAY NO-703 TO BAY NO-706

703—89RS2(R)
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706—89R(B) 706-89R(R)
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* *
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| = 1 | —
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=z =z
z 10—SPARE LINE/BUS S
765KV LR —B 765KV LR-Y 765KV LR—R REACTOR 765KV LR—B 765KV LR—Y 765KV LR-R

709-89RS2(Y)

709—89RS2(R)

(ARRANGEMENT OF 765kV 80OMVAR LINE REACTOR AND 765kV AUX. BUS)

TO BAY NO-712 TO BAY NO-715

712—89RS2(Y)
712—89R(R) g

712-89RS2(R)

715—89RS2(B) 715—89RS2(Y)

712-89RS2(B)
712-89R(B) % 712—89R(Y) % 715—89R(B) g
Lo

715—89RS2(R)

® 765KV AUX. BUS FOR 8OMVAR REACTOR (4.5" AL TUBE)
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145KV NEUTRAL AUX. BUS FOR BOMVAR SPARE REACTOR (3" AL TUBE)
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_ 718—52R(B 718—52R(Y )
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° S ° o ® : ® e e 765KV AUX. BUS FOR BOMVAR REACTOR (4.5 AL TUBE)
L> <
( <
L> <
( <
° e e “ e ° ® 145KV NB@JTRAL AUX. BUS FOR BOMVAR SPARE REACTOR (3” AL TUBE)
( )
4 715—52NGR 718—52NGR
N <
[S] 712-52RS 715-NCT 718-NCT 145KV NEUTRAL AUX. BUS FOR 3X1PH REACTOR FOR EACH CKT

. . ° ° < ° y Y CH000 ° . ° Y OO0 3 . ® \

( T I (3" AL TYBE)
— >4 709-LAR(B) > 709-LAR(Y) - 709-LAR(R) -5 712-LAR(B) - 712-LAR(Y) | 712-LAR(R) | 7127 LARS o i > 715-LAR(B) - 715-LAR(Y) — > 715-LAR(R) ) e - 718-LAR(B) - 718-LAR(Y) - 718-LAR(R) /
—Z—{ | (o)l @ )
( [ = \ = )
- <
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- A 0 =~ -0 N <
00000000 | 1XTT0 MVAR 00000000 7~ 100000000 /| 1X110 MVAR 100000000 | TXTTO MVAR 00000000 | 1X110 MVAR 00000000 | IXT1O MVAR s JATTD MVAR ( T 00000000 | 1XT10 MVAR T0000000Q | 1XT10 MVAR 00000000 | TXTT0 MVAR P 00000000 | 1X110 MVAR —000000Q0 | TXTT0 MVAR 00000000 | 1XT10 MVAR
1¢—BUS REACTOR 1—BUS REACTOR 13—BUS REACTOR 1¢—BUS REACTOR 19—BUS REACTOR 1—BUS REACTOR 00000000 7 |16-SPARE LINE/BUS  » 1 1@—LINE REACTOR 1@—-LINE REACTOR 1@—LINE REACTOR 1 1@—LINE REACTOR 1@—LINE REACTOR 1@—LINE REACTOR <
REACTOR ( S S !
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SCOPE UNDER PACKAGE-SS09T

A (FOR BAYS UNDER SCOPE SS09T, MAIN BUS -l&lI A
" SHALL BE LAID UNDER PACAKGE SS06T

785/400/33KV ICT-1 765/400/33KVICT-2 T85/400/33KV ICT-3 765/400/33KV ICT-4 | 765/400/33KV ICT-3  765/400/33KV ICT-3 765/400/33KV ICT-3
P Bl o B oes B3, B3 B3
400KV GADAG 1st D/C LINE (UNDER SS06T PKG) (UNDER SSO06T PKG) (UNDER SS09T PKG) (UNDER SS09T PKG) | ’ T ICT-5 ’ " ICT-6 ’ ICT-7
(UNDER SEPERATE SS-08T PKG) A B ?
) \ 427-1A I 427—LA I 427—LA I 430-1A ==l 435-SA L pa| 438-54 =) 441-58 Lsa)
L/R (F) L/R (F) L/R (F) L/R (F) E/S IN ONE 400KV AUX BUS | | | L/R(F) L/R(F) L/R(F) L/R(F)
= = = == PH ONLY ‘ ! . = = = =
T T T L 415-89TSE % oo 415-89TE i ! 418-89TE 4.5" AL TUBE bo_o] 427 B9TE l ro_ o) 430-89TE | | oo 435-89TE ) ooy 4907BIE L rooy 441-89TE N L IS
LINE-2 (F) = LINE-1(F) - GADAG - GADAG T Y l 0 Y 35897 436697 7 Y 438-897 . a1 son £ Y pa SPARE 3 LINE-7(F) : LINE-8(F) 3 LINE-9(F) 3 LINE-10(F)
2 415-89TS & % 415-89T  418-89TS % 418-89T 1’ 4278978 Y R 427897 430-g9TS kS X\ 430891 ! 3527 o0 L39P%y 87X 1-PHy 6 3% 1-PH 34 %o il 2 D 3 =
* 3 A A * 3 x 1-PH N3 x 1-PH 3 x 1-PH 3 x 1°PH BUS REACTOR-1 BUS REACTO}%R-Z 3 x 1-PH &3 x 1-PH 5 % 1-PH 3°% 12PH Sl L 03 x I-PH 27 L 0 3 x “PH\L ‘o 3 x 1-PH T 4 4 A 3 4
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BILL OF QTY. FOR 400kV MAIN EQUIPMENTS FOR KOPPAL (BHEL SCOPE):

MAX RCT MAX IM AT SLD | NOA
NOA | SLD | NoA | SLD OUTPUT. BURDEN
SI.NO|  DESCRIPTION RATING | S.C.RATING | SYMBOL | QTY | QTY. | QTY. | QTy. | LEGEND |  MAKE CORE | CURRENT RATIO ACCURACY CLASS MIN KPV (V) | (0pMS) KPV (MA) PURPOSE SLNO. DESCRIPTION SYMBOL | qrv. | QTY
(No.) | (NQ.) | (NO.) | (NO.) | 3000 20mA on 3000/1 Tap (No.) | (NO.)

5000 0 BUS DIFF. ,
5000 . 3000-2000-500| 15-10-25 | 30 A on 200071 Ta —
. 125)VAR BUS REACTOR (3-PH) 420 kV[63 KA FOR 1 S.| , , e | oA . _— o0 { P D0mA on 500//1 Taﬁ MAIN-1 1 |800kVA, 33kV/0.433kV LT TRANSFORMER %‘ 2 |1

0 8@@@/ B 20mA on 3@@0/1 Tap BUS DIFF. ;

SFG CIRCUIT BREAKER WITHOUT CR WITH | 31504 |63 KA FOR 15| ['p . . s A - ” 2000/ PX 3000-2000-500] 1571051 sy on 2000/1 Tap | a2 B00KVA, 11kV/0.433kV LT TRANSFORMER 2 | o |
CSD (3-PH) WITH SUPPORT STRUTURE 500 /1 120mA on 500/1 Tap

SF6 CIRCUIT BREAKER WITHOUT CRWITH- | 31504 |63 KA FOR 1 S §
3 |oUT €SD (3-PH) WITH SUPPORT STRUCTURE

QW)

72.0KV, 12004, 256KA FOR 1 SEC, 3PH CIRCUIT BREAKER O 2# !
72.50KV, 6304, 25KA FOR 1 SEC, 3PH DOUBLE BREAK ISOLATOR W/0 ES| —ovo—| o# |
72.0KV CURRENT TRANSFORMER, 50A Ith=1207% <Z5KA FOR 1 SEC, 1-PHASE. 3 6 3

72.0KV VOLTAGE TRANSFORMER, 1-PHASE I 6" 3

11KV, 4004, 25KA FOR 1 SEC, 3PH DOUBLE BREAK ISOLATOR WITH ONE ES SOnon g 1
12KV, HORN GAP FUSE, 1-PHASE

9KV SURGE ARRESTER, 1-PHASE — 0 3

2 2 2 2 52 e 3 3000/ 0.28, ISF<5 50
2000 / 0.25, ISF<5 50 : :
- 0.25, ISF<5 30
4 |ISOLATOR WITH ONE E/S (3 PH) DOUBLE | J1504 63 KA FOR 15 Yol e | 22 | 14| w4 89 /89E |ELEKTROLITE 500/1

i A 3000/ 0.2, ISF<5H 20

I[SOLATOR WITH TWO E/S (3 PH) DOUBLE 31504 |63 KA FOR 1 S. o 89/89L1 2000/ 0.25, ISF<5 20
6 o !
BREAK TYPE P . NA | NA /89F2 |ELEKTROLITE 500 /1 0.25 1575 20 - -

ISOLATOR WITH ONE E/S (I PH) DOUBLE | 3150A |63 KA FOR 1 S. 3000
S |BREAK TYPE /5 1 PH) ~eer | T l 6 6 69/89E | gL EKTROLITE 0 2@@@? - . 3000-2000-500| 15-10-2.5

METERING

METERING

WO GO ~2| & OB~ W

20mA on 3000/1 Tap [INE
30mA on 2000/1 Tap PROTN,MAIN-2/
7 |ISOLATOR WITHOUT E/S (1 PH) DOUBLE 31504 63 KA FOR 1 .| 5o o | 5 . ) ) 89 | PKTROLITE 500/1 120mA on 500/1 Tap [TRAFO BACKUP 4 ADDITIONAL QTY IS SUBJECT TO COMMERCIAL SETTLEMENT. POWERGRID TO ISSUE

BREAK TYPE 3000
6 / PYX - 3000-2000-500| 15-10-25 20mA on 3000/1 Tap LINL . SUITABLE BOQ AMENDMENT FOR CHANGE IN QTY
2000/ 30mA on 2000/1 Tap PROTN,MAIN 1/

COMPUTER DRCG. PATH NAME :

6 CURRENT TRANSFORMER (1 PH.) WITH 30004 |63 KA FOR 1 S.| & 30 ] 30 | 18 18 C1 BHEL 500 /1 120mA on 5001 Tap [TRAFO DIFF,
120% EXTENDED CURRENT RATING. re.oky CT DETAILS 72.5kV VT DETAILS
- 9 ey (1 PH) 4400pF - 6 6 NA | NA CVT . CORE|CURRENT RATIO|ACCURACY cLass| OV 4y BURDEN | PURPOSE Ramio | 23K/ 110V, 110V, 110V -
) 400kV CVT DETAILS
S 0.5mlM |63 KA FOR 1 S, NaA | Na | N | A W 1 50/1 5P10 10 0/C & E/T SEC-1 | CLASS-3P, 10VA
= 10 LINE TRAP (] PH) qb NA RATIO 400}9/110\// 110\// 110V LT SUPPLY ARRANGEMENT
- Joua B/ B/ B/ B 2 50 /1 5P10 10 METERING SEC-11'| CLASS—0.5, 10VA
- 11 |SURGE ARRESTER (1 PH.) 336 kV . 19 19 12 12 LA ca SEC=1 | CLASS-0.5/3P, 50VA LT TRANSF'R-1 LT TRANSF'R-2
.- SEC—1I'| CLASS-0.5/3P, 50VA 33,0 433KV = 33,0 483KV =
SEC—III CLASS*@Z? BOVA PT(72.5KV) 1] PT(72.5KV) 1]
NOTHS: — - -
CAPACITANCE—-4400pk CT (72.5KV) 8 CT (72.5KV) 8 CC/T/WAIS/DOM/A10/23/11023/NOA-1/24-103435/01(Supply ) &
1. SYSTEM (+10%, —5%) cB(r2.5kv) [ cB(r2.5kv) [ NOA NO. : CC/T/WAIS/DOM/A10/23/11023/NOA-2/24-103435/02(Services ) DATED : 12.03.2024
400kV, 63kA FOR 1 SEC., o0Hz, 3Ph, SOLIDLY BEARTHED I /e @ S KOPPAL 1l GADAG 1| TRANSMISSION LIMITED
NAME OF CUSTOMER/PROJECT Substation Package SS-06T for Establishment of 765/400/220 kV Koppal-II (New)
— 2 PRESENT - ADDITIONAL INFORMATION NAME OF CONSULTANT Pooling Station (AIS type) including 125MVAR, 420kV, 3 phase Bus Reactors under
= FUTURE —— ISOLATOR (72.5KV)\8\ ISOLATOR (72.5KV)\8\ W.0 No. Transmission Scheme for integration of Renewable Energy Zone (Phase-Il) in Koppal-I|
~ Q Q (Phase-A) and Gadag-Il (Phase-A) in Karnataka through Tariff Based Competitive
= 3. PHASE LOCATION OF WAVE TRAPS TO Bl DECIDED DURING DETAILED BENGINEERING SIATUS OF DRAWING Bidding (TBCB) route.
) 4. 400kV EQUIPMENTS FOR 765/400/33kV ICT SWITCHING ARE ALSO INCLUDED IN THE BOQ OF QTY. FOR 400kV MAIN EQUIPMENTS ot o o o DISTRIBUTION OF PRINTS s s e s — N W AT
= 5.~ SCOPE UNDER PACKAGE SS09T o || A -SGD- 090524
- BHARAT HEAVY ELECTRICALS LTD. | cwoxen | 9K -SGD-  109.05.24 =
TRANSMISSION BUSINESS GROUP il yK SGD-  09.05.24

REV. | DATE [ ALTERED AS fgaTma e IS

04 | 01 0995 ki) RD T ﬂ@qﬂ/ SCALE en Cone POWERGRID DRAWING NO.

— "7 | APPROVED SKS e =€ TB202362-1002345-SC3510-SS-SLD
= ﬁésvlé;%/ggl? AS PER BISTER /TITLE =137, 0o /BHEL DRAWING NO. JoTe/REV.
}
= COMMENTS KOPPAL Il NEW S/S- SINGLE LINE DIAGRAM TB-1-425-510-001 04
% gSE @ /SHEET No. 05 |FIEAT ISE /NEXT SHEET 06
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o = o TTEM NOA QTY. [SLD QTY.|NOA QTY.|SLD QTY. 220kV, 1600A, 50kA/1s CT DETAILS(FOR LINE, ICT & TBC BAYS) 220kV, 2500A, 50kA/1s CT DETAILS (FOR B/C & B/S BAYS)
O
3388 copp | DESCRIPTION SYMBOL |(Nos) [(Nos)  |(NOS.)  |(NOS.) LEGEND | MAKE
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NOA NO.: CC/T/W-AIS/DOM/A10/23/11023/NOA-1/24-103435/01 dated 12.03.2024

NAME OF CUSTOMER Koppal Il Gadag Il Transmission Limited
NAME OF CLIENT POWERGRID CORPORATION OF INDIA LIMITED

ADDITIONAL INFORMATION NAME OF PROJECT  Substation Package SS-06T for Establishment of 765/400/220 kV Koppal-Il (New) Pooling
W0 No Station (AIS type) including 125MVAR, 420kV, 3 phase Bus Reactors under “Transmission
— Scheme for integration of Renewable Energy Zone (Phase-Il) in Koppal-Il (Phase-A) and

STATUS OF DRAWING Gadag-ll (Phase-A) in Karnataka” through Tariff Based Competitive Bidding (TBCB)
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