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400kV AIS at Lara Thermal Power Project
(2X800 MW)

” [l LT CONTROL CABLE
Doc. No.: TB-423-510-017

SECTION 1
SCOPE, SPECIFIC TECHNICAL REQUIREMENTS AND QUANTITIES

1.0 SCOPE

This Specification covers the requirements of design, manufacture, testing at manufacturer’s Works,
packing, supply, delivery at site of 1.1 kV Aux Power & Control Cables as listed under this specification.
This section covers the specific technical requirements of 1.1 kV Aux Power & Control Cables. This
constitutes minimum technical parameters for the above item as specified by the customer (NTPC). The
offered equipment shall also comply with the General Specification for the project as detailed under
section-3 of this specification.

In case of any conflict between the technical details mentioned in this section and the remaining
sections of this document, then Section-1 shall prevail and is to be considered as binding requirement.

The specification comprise of following sections:

Section-1: Scope, Specific Technical Requirements and Quantities.
Section-2: Equipment Specification.

Section-3: Project Details and General Technical Requirements.
Section-4: Guaranteed Technical Particulars.

Section-5: Checklist.

Note: The term ‘Owner’ appearing in this specification shall refer to NTPC, the term
‘Purchaser’ shall refer to BHEL and the term ‘Contractor’ shall refer to the successful Bidder.

1.1 THE EQUIPMENT IS REQUIRED FOR THE FOLLOWING PROJECT

Name of customer: NTPC Ltd.
Name of the project: 400kV Switchyard for LARA SUPER THERMAL POWER PROJECT (2X800MW)

Refer Section - 3 for Project Details and General Specifications.

1.2 SPECIFIC TECHNICAL REQUIREMENTS

1.2.1  As per Section-2 (NTPC specification, 6 pages)

1.2.2 (a) Strip armouring method (a) mentioned in Table 5, Page-6 of IS: 1554 (Part 1) - 1988
shall not be accepted for any of the cables.

(b) Strip armouring method (a) mentioned in Table 6, Page-6 of IS: 7098 (Part 1) - 1988
shall not be accepted for any of the cables.

Page 1 of 3
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400KV AIS at Lara Thermal Power Project
(2X800 MW)

” [l LT CONTROL CABLE
Doc. No.: TB-423-510-017

1.3 QUANTITIES
S Description of Cables Quantity
No. (km)
A Type of Control Cables
PVC Insulated, Copper Conductor, PVC type FRLS Outer Sheath, 19C x 2.5 sq
1.1 3.5
mm Armoured Control Cable
PVC Insulated, Copper Conductor, PVC type FRLS Outer Sheath, 14C x 2.5 sq
1.2 3.5
mm Armoured Control Cable
PVC Insulated, Copper Conductor, PVC type FRLS Outer Sheath, 10C x 2.5 sq
1.3 15
mm Armoured Control Cable
PVC Insulated, Copper Conductor, PVC type FRLS Outer Sheath, 5C x 2.5 sq
1.4 7.5
mm Armoured Control Cable
PVC Insulated, Copper Conductor, PVC type FRLS Outer Sheath, 2C x 2.5 sq
1.5 9
mm Armoured Control Cable
PVC Insulated, Copper Conductor, PVC type FRLS Outer Sheath, 4C x 10 sq.
1.6 1.5
mm Armoured Control Cable
Notes: -
1) The cable type, size and length requirement shall be as per table above. Quantity variation on the
total ordered quantity shall be +/- 25% at contract stage.
2) Manufacturing Clearances shall be given in two lots (Lot-l and Lot-ll) as per actual

site requirement. All Control and Power Cables shall be supplied in drum length of 1000 m, unless
otherwise specified. For power cable with conductor cross sectional area 300sqmm and above may be
supplied in 500m drums. Owner shall have the option of rejecting cable drums with shorter lengths. The
cable length per drum is allowed a tolerance of +5%. However, the total quantity of cables after taking into
consideration of all cable drums for each size shall be within the tolerance of +2%.

3) The length per drum shall be subjected to a maximum tolerance of +/- 5% of the standard drum
length. Some of the cable type might not be ordered at all at contract stage.

4) The Employer shall have the option of rejecting cable drums with shorter lengths. For each size,
the variance of total quantity, adding all the supplied drum lengths, from the ordered quantity, shall not
exceed +/- 2%.

5) Cables shall be supplied in Steel drums of heavy construction. The drum shall be designed on the
basis of weight, diameter, bending radius and length of cable.

1.4 TESTS

Cables shall conform to type tests including additional type tests as per technical specification and shall be
subject to routine & acceptance tests in accordance with requirements stipulated under respective sections.

Unless otherwise specified elsewhere, the type test reports submitted shall be of the tests conducted within
10 years from the date (03-03-2023). In case the test reports are of the test conducted earlier than the
specified duration, the Bidder shall repeat these test(s) at no extra cost to BHEL/Employer. Further, in the
event of any discrepancy in the test reports i.e. any test report not acceptable due to any
design/manufacturing changes or due to non-compliance with the requirement stipulated in the Technical
Specification or any/all type tests not carried out, same shall be carried out without any additional cost
implication to the Employer/BHEL.

The bidder will conduct the routine tests on each drum length. All the type and acceptance tests shall be
conducted as per specification and relevant standards/approved MQP. These tests will be witnessed by
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owner/purchaser/purchaser’s representatives.
The prices for conducting all tests are deemed to be included in respective cable prices.

1.5 QUALITY PLAN

The manufacturer shall carry out contract works in accordance with sound quality management principles
which shall include items such as controls which are necessary to ensure full compliance to all
requirements of the specification & applicable international standards. These quality management
requirements shall apply to all activities during design, procurement, manufacturing, inspection, testing,
packaging, shipping, inland transportation, storage, site erection & commissioning. Manufacturer shall
submit detailed Quality Plan for BHEL / customer’s approval.

1.6 TECHNICAL PRE-QUALIFYING REQUIREMENTS
As per Annexure- TQR

1.7 DOCUMENTS REQUIRED WITH OFFER

a) “No Technical Deviation” Certificate
b) Un-priced schedule
) Filled up Checklist

1.8 DRAWINGS / DOCUMENTS REQUIRED FOR ENGINEERING MANUFACTURING
CLEARANCE

The minimum drawings/ documents, as follows shall be required for providing engineering
manufacturing clearance of the equipment (LT Cables) and furthermore, it shall be used for delay
analysis, if any, on account of the bidder. The schedule for submission and resubmission shall be
in line with details provided in section-3.

LT Cable Datasheet & Cross-sectional Drawings

2 | Quality Assurance Plan & Inspection Test Schedule

1.9 PACKING AND DISPATCH

The equipment shall be properly packed for selected mode of transportation i.e. sea, rail and road
in such a manner that it is protected against the climatic conditions and for any damage during
transportation, transit and storage. The equipments shall be wrapped in polyethylene sheets before
being placed in wooden crates/cases/drums to prevent damage to the finish. Crates/cases/drums
shall have skid bottoms for handling. Special notations such as Fragile', 'This side up', "Weight’,
‘Owner’s particulars\ ‘PO nos.' etc., shall be clearly marked on the package together with other
details as per purchase order.

The equipment may be stored outdoors for long periods before installation. The packing should
also be suitable for outdoor storage areas with heavy rains/ high ambient temperature unless
otherwise agreed and hence, packing shall be suitable for long duration storage (minimum 1 year).

Page 3 of 3

7

Receipt No. 1751063/2026/TBG-TB_ENG_SR (Computer No. 1751063)
Generated from eOffice by Piyush Kumar Mishra, SM(PKM)-TBG-MM-TBG, SM, BHARAT HEAVY ELECTRICAL LTD on 15/01/2026 03:33 pm



Annexure- TPQR

TECHNICAL PRE QUALIFICATION REQUIREMENT

Name of Project . - 400kV Switchyard at Lara STPS Stage-II
Name of Customer ;- NTPC Ltd.
Name of ltem .- LT Control Cable

TECHNICAL PRE-QUALIFICATION REQUIREMENT

‘ 3.1. Applicable for Control Cable:
The bidder should have manufactured and supplied the following cables#:
a) Atleast 300 Kms of PVC insulated, PVC sheathed stranded copper conductor 1.1 kV grade cables
in ane single contract,
b) Atleast one (1) km of flame-retardant low smoke cables.

#Cables must be supplied as on the date of techno commercial bid opening of this tender.

SUPPORTING DOCUMENTS TO BE ATTACHED

Sr | Required Criteria | Supporting Documents to be submitted by bidder along with
[ | technical bid
I Manulacturing | Approved Drawings / GTP / Approved Quality Plan and Factory
! | [nspection Test Report e.t.c = -
LZ Supply PO & Dispatch clearance / LR / Material Receipt certificate at site /
| installation or commissioning certificate e.t.c

Notes (General points):

I. Consideration of offer shall be subject to customer’s approval of bidder’s, if applicable.

2. Bidder to submit all supporting documents in English. [f documents submitted by bidder are in language
other than English, a self- attested English translated document should also be submitted.

3. Notwithstanding anything stated above, BHEL reserves the right to asscss the capabilities and capacity of
the bidder to perform the contract, should the circumstances warrant such assessment in the overall interest
of BHL:L.

4. After satisfactory fulfilment of all the above criteria / requirement, offer shall be considered for further
evaluation as per NIT and all the other terms of the tender.

PREPARED BY REVIEWED BY APPROVED BY
ot funless_
' "'/L"-*".} ot 1 i
lofl|Fags
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SECTION-2

SUB-SECTION-B - 08

HT LT & CONTROL CABLES

LARA SUPER THERMAL POWER PROJECT TECHNICAL SPECFICATION
STAGEHI {2XB00 MW) BECTION -V
EPC PACKAGE PART-B
BID DOC NO.: G8-9587-001R-2
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QLAUSE NO. TECHNICAL REQUIREMENTS g
NTPG
HT.LT P r Cabl Control Cabl
This chapter has
1.00.00 CODES AND STANDARDS
All standards, specifications and codes of practice referred to herein shall be the Iatest editions
including all applicable official amendments and revisions as on date of opening of bid. In
case of conflict between this specification and those (IS: codes, standards, etc.) referred to
herein, the former shall prevail. All the cables shall conform to the requirements of the following
standards and codes :
1S:7098 (Part | Specification for Cross linked polyethylene insulated PVC
-1l sheathed cables. Part-1l: For working voltages from 3.3 KV upto
and including 33 KV.
IS : 3975 Low Carbon Galvanized stecl wires, formed wires and tapes for
armouring of cables.
1S:4905 Methods for random sampling.
IS : 5831 PVC insulation and sheath of electrical cables.
I1S: 8130 Conductors for insulated electrical cables and flexible cords.
IS: 10418 Specification for drums for electric cables.
IS: 10810 Methods of tests for cables.
ASTM-D - | Standard test method for denslty of smoke from the buming or
2843 decomposition of plastics.
IEC-754 Tests on gases evolved during combustion of electric cables.
(Part-])
1S:1554 - | PVC insulated (heavy duty) electric cables for working voltages
upto and including 1100V.
IS : 3961 Recommended current ratings for cables
IEC-332 Tests on electric cables under fire conditions. Part-3: Tests on
bunched wires or cables (Category-B).
18:7098 (Part | Croes linked polyethylene Insulated PVC sheathed cables for
4 working voltages upto and Including 1100V.
LARA SUPER THERMAL POWER PROJECT| TECHNICAL SPECIFICATIONS SUB-SECTION-B-08
STAGE-I (2X800 MW) BECTION VI, PART-B T T D oy oL | PAGE
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CLAUSE NO. TECHNICAL REQUIREMENTS g ddis
NTPC |

2.00.00 TECHNICAL REQUIREMENTS

2.01.00 All cables {HT—Power,-T-power-and-conirol cables) shall be Armoured type irespective of
anything contrary mentioned elsewhere in the specification.

2.02.00 All cables Including EPR cables shall be flame retardant, low smoke (FRLS) type designed to
withstand all machanical, electrical and tharmal stresses developed under steady state and
translent operating conditions as specifled elsewhere In this specification.

2.03.00 Aluminium conductor used in power cables shall have tensile strength of more than 100 N/
8q.mm. Conductors shall be multi stranded.
2.04.00 XLPE insulation shall be suitable for a continuous conductor temperature of 90 deg. C and

short circuit conductor temperature of 250 deg G. PVC insulation shall be suitable for
continuous conductor temperature of 70 deg C and short clrcult conducter temperature of 160
deg.C.

2.05.00 The cable cores shall be laid up with fillers between the cores wherever necessary. It shall not
stick to Insulation and Inner shaath. All the cables, other than single core unarmored cables,
shall have distinct extruded PVC inner sheath of black color as per I1S: 5831.

2.06.00 For single core Armoured cables, armoring shall be of aluminum wires. For multicore Armoured
cables armouring shall be of galvanized steel as follows : -

Calculatsd nominal dlameter of cable 8ize and Type of armour

under armour

)} Upto 13 mm 1.4mm dia GS wire

)} Abova 13 & upto 25mm 0.8 mm thick GS formed wire / 1.6 mm dia
GS wire

i) Abova 25 & upio 40 mm 0.8mm thick GS formed wira / 2.0mm dia
GS wire

iv) Above 40 & upto 55mm 1.4 mm thick GS formed wira/2.5mm dia GS
wire

v) Abeve 55 8 upto 70mm 1.4 mm thick GS formed wire/3.15mm dia
GS wire

vi) Above 70mm 1.4 mm thick GS formed wire / 4.0 mm dia
GS wire

2.06.01 The aluminum used for armouring shall be of H4 grade as per IS: 8130 with maximum resistivity

of 0.026264 ohm-sq.mm/mtr at 20 deg.C. The types and sizes of aluminum armouring shall be
same as mentioned for galvanized steel at 2.05.00 above.

2.068.02 The gap between armour wires / formed wires shall not exceed one armour wire / formed wire
space and there shall be no cross over / over-riding of armour wire / formed wire. The minimum
area of coverage of armouring shall be 90%. The breaking load of armour joint shall not be less
than 95% of that of armour wire / formed wire. Zinc rich paint shall be applied on armour joint
surface of G.S. wire/ formed wire.

2.08.03 Distinct extruded PVC inner sheath of black color as per 1S:5831 shall be provided for the
cables as follows:
LARA SUPER THERMAL POWER PROJECT| TECHNICAL SPECIFICATIONS SUB-SECTION-B-08
STAGEHI (2X800 MW) SECTION VI, PART-B T g TROL PAGE
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CLAUSE NO. TECHNICAL REQUIREMENTS g
NTPG
a) For all multicore cables.
b) For single core Armoured cables, where armouring is not being used as metallic screen.
2.07.00 Outer sheath shall be of PVC black in colour. In additien to meeting all the requirements of
Indian standards refarred to, outer sheath of all the cablas shall have the following FRLS
properties.
a) Omygen index of min. 28 (Test method as per IS 10810 Part-58)
b) Acid gas emission of max. 20% as per IEC-754 (Part-I)
c) Smoke density rating shall not be more than 80% during Smoke Density Test as per
ASTMD-2843.
2.08.00 Allowable tolerances on the overall diameter of the cables shall be ++2 mm maximum over the
declared value in the technical data sheets.
2.00.00 Cable lengths shall be considered in such a way that straight through cable joints is avoided.
2.010.00 All LT power cables of sizes more than 120 sq.mm. shall be XLPE insulated, and slzes shall
be of 1Cx150, 1Cx300, 1Cx630, 3Cx150, 3Cx240 & 3Cx300 sqg.mnm However for cable sizes
upto 120 sq.mm. both XLPE insulated & PVC insulated LT power cables are acceptable. For
LT cables, Same cable sizes to be used for same type & rating of motor i.e if there are three
drives for one application, all three-drive motor should be provided with same cables sizes.
However due to layout constraints no of runs of aame size cable may be Increased.
2.011.00 Cores of the cables shall be identified by coloring of insulation. Following coler echeme shall
be adopted:
i. 1core - Red, Black, Yellow or Blue
ii. 2core - Red &Black
ll. 3core - Red, Yellow & Blue
iv. 4core - Red, Yellow, Blue and Black
2.012.00 For reduced neutral conductors, the core shall be black.
2.013.00 In plant repairs to the cables shall not be accepted. Pimples, fisheye, blow holes etc. are not
acceplable.
2.014.00 The cross-sectional area of the metallic screen striptape/wires shall be considered in sizing
calculations.
2.015.00 The eccentricily of the core shall not exceed 10% and ovality not to exceed 2%.
3.00.00 CABLE SELECTION & 8IZING
3.00.01 Cables shall be sized based on the following considerations:
8) Rated cumrent of the equipment
b) The voltage drop in the cable, during motor starting condition, shall be limited to 10% and
during full load running condition, shall be limited to 3% of the rated vollage
¢) Short circuit withstand capability
3.00.02 Derating Factors
LARA SUPER THERMAL POWER PROJECT| TECHNICAL SPECIFICATIONS SUB-SECTION-B-08
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4.00.00

4.00.01

4.00.02

4.00.03

4.00.04

Derating factors for various conditions of installations including the following shall be
considered while selecting the cable sizes:

&) Variation in ambient temperature for cables laid in air
b) Grouping of cables

¢) Variation in ground temperature and soil resistivity for buried cables.
The bidder shall fumish detailed cable selectiorv/sizing criteria for Employer's approval.

CONSTRUCTIONAL FEATURES

19/33, 11711 KV Grade Power Cablea: |N0T APPLICABLE |

Cables shall conform to IS 7098 Part-1l. These cables shall be multi-atranded, compacted
circular aluminum conductor, XLPE-ineulated, metallic ecreened PVC outer sheathed. The
conductor screen and insulation screen shall both be of extruded semiconducting compound
and shall be applled along with the XLPE Insulation In a single operation of triple extrusion
process so as to obtain continuously smooth interfaces. Method of curing for 33/33 KV Cables
shall be “dry curing / gas curing “. The metallic screan for each core shall ba capable of carrying
the system earth fauli current and shall consist of copper wireg or tape with minimum overlap
of 20%. However, for single core Armoured cables, the armouring shall constitute the metallic
part of the screening.

3.3/3.3kV Grade Power Cablas: [NOT APPLICABLE

Cables shall conform to 1S: 7088 Part - 1. These cables shall be multi- stranded, compacted
circular aluminum conductor, XLPE insulated, metallic screened, PVC outer sheathed. The
metallic screen of each core shall consist of copper wires or tape with minimum cverlap of
20%. However, for single core Amoured cables, the aimouring shall constifute the metalllc
part of the screening. The metallic screen of each core shall be capable of carrying the system
earth fault current. Method of curing for cables shall be “dry curing / gas curing / steam curing".

Tralling Cablea: NOT APPLICABLE

Trailing cables shall have finned copper (class 5) conductor, insulated with heat resistant
elastomeric compound based on Ethylene Propylene Rubber (EPR) suitable for withstanding
90 deg.C continuous conductor tempereture and 250deg C during short circuit, inner-
shaathed with heat resistant elastomeric compound, nylon cord reinforced, outer-sheathed
with heat resistant, oil resistant and flame retardant heavy duty elastomeric compound
conforming to IS 9968

1.1 KV Grade Power Cables |NOT APPLICABLE |

(a) 1.1 KV grade XLPE power cables shall have compacted aluminum conductor, XLPE
insulated, PVC inner-sheathed (as applicable), Armoured-PVG outer-sheathed
conforming to 1S: 7098. (Part-I).

(b) 1.1KV grade PVC power cables shall have aluminum conductor (compactad type for
slzes above 10 sq.mm), PVC Insulated, PVC Inner sheathed (as applicable) Amoured,
PVC outer-sheathed conforming to 1S:1554 (Part-1).

(c) 1.1 KV grade Trailing cables shall have tinned copper (class 5) conductor, insulated with
heat resistant elastomeric compound based on Ethylene Propylene Rubber(EPR) suitable

LARA SUPER THERMAL POWER PROJECT| TECHNICAL SPECIFICATIONS SUB-SECTION-B-08
STAGEHI (2X800 MW) BECTION VI, PART-B CABLES
EPC PACKAGE

HT LT AND CONTROL PAGE
40F7

1o

Recelpt No. 1731063/2026/TBG-TB_ENG_SR (Computer No. 1751063)
Generated fram eGffice by Plyush Kumar Mishra, SM{PKM)}-TBG-MM-TEG, SM, BHARAT HEAVY ELECTRICAL LTD on 15/01/2026 03:33 pm




CLAUSE NO.

TECHNICAL REQUIREMENTS pddis |
NTPC

4.00.05

5.00.00
5.01.00

for withstanding 90 deg.C continuous conductor temperature and 250deg C during short
circuit, inner-sheathed with heat resistant elastomeric compound, nylon cord reinforced,
outer-sheathed with heat resistant, oil resistant and flame retardant heavy duty
elastomeric compound conforming to IS 9968.

CABLE DRUMS

a)

b)

Cables shall be supplied in steel drums of heavy construction. The drum shall be designed
on the besis of weight, diameter, bending radius and length of cable. The surface of the
drum and the outer most cable layer shall be covered with waterproof cover. Both the ends
of the cables shall be properly sealed with heat shrinkable PVC/ rubber caps secured by ‘U’
nails so as to eliminate ingrees of water during transportation, storage and erection.

Each drum shall carry manufacturers name, purchasers name, sddress and contract
number, item number and type, size and length of cable and net gross weight stencied on
both sides of the drum. A tag containing same information shall be attached to the leading
end of the cable. An arrow and suitable accompanying wording shall be marked on one end
of the reel Indicating the direction In which It should be rolled.

The standard drum length for HT power cables with 8 maximum tolerance of +/- 5%, may
be decided by the bidder subject to condition that there shall not be any joint in cable, where
application length of cable is up to & including 1000 meter for single core cable, and 750
meter for multicore cable.

The standard drum length of LT power cable with a maximum tolerance of +/- 5% may be
decided by the bidder subject to condition that there shall not be any joint in cable, where
application length of cable is up to & including 1000 meter for single core cable excluding
630 sq.m size, and 750 meter for multicore cable & single core 630 sq.m.

The standard drum length for Control cables with a maximum tolerance of +/- §% may be
decided by the bidder subject to condition that there shall not be any joint in cable, where
application length of cable is up to & including 1000 meter.

One drum length of each cable size can be of non-stendard length (not less than 250 meter)
so as to maich the ordered quantity subject to condition that there shall not be any joint in
cable.

TYPE, ROUTINE AND ACCEPTANCE TESTS
Type Tests

The reports for the following type tests shall be submitted for one size each of LT XLPE, LT
PVC Power and control cables. The following type tests shall be carried out on one size each
of 18/33 KV & 11/11 KV, 3.3/3.3 KV HT Cables. Size shall be decided by the employer during
detailed engineering

$.No Type Teat Remarks

Conductor

1. Resistance teat For Armour Wires / Formed Wires

2. Measurement of Dimensions

3. Tenslle Test

LARA SUPER THERMAL POWER PROJECT| TECHNICAL SPECIFICATIONS SUB-SECTION-B-08
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CLAUSE NO. TECHNICAL REQUIREMENTS g ddis
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8. No Type Test Remarks

4, Elongation test
5. Torsion test For round wires only
8. Wrapping test

7. Resistance test

8(a) Mass & uniformity of Zinc Coating Fer GS wiresfformed wiras only.
tests
8(b) Adhesion test For GS wires/formed wires only

For XLPE insulation & PVC Sheath
9. Test for thickness
10. Tensila strangth and elongation test

before ageing and after ageing
11. Ageing in air oven
12 Loss of mass test For PVC outer sheath only.
13. Hot deformation test For PVC outer sheath only.
14, Heat shock test For PVC outer sheath only
18. Shrinkage test
18. Thermal stability test For PVC outer sheath only
17. Hot set test Fer XLPE ingulation only
18. Water abeorption test For XLPE insulation only
19. Oxygen Index test For PVC outer sheath only
20. Smoke density test For PVC outer sheath only
21. Acid gas generation test For PVC outer sheath only
22 Flammability test as per IEC-332 For completed cable only

Part-3 (Category -B)

5.02.00 The following type tests reports for HT Cables shall be submitted for each type (voltage grade)
& size of the cable:

8. No. | Type Test For all cables
1. Insulation resistance test (Volume Resistivity method)

2. | High voltage test
For cables of 19/33kV, 11/11KV,3.3/3.3KV Grade only.
3. | Partial discharge fest

4. Bending test

5. Dielectric power factor test

a) | As afunction of voltage

SUB-SECTION-B-08
LARA SUPER THERMAL POWER PROJECT| TECHMICAL SPECIFICATIONS HT LT AND CONTROL PAGE
STAGEAI (2X800 MW) BECTION VI, PART-B CABLES
BOF7
EPC PACKAGE
D

Recelpt No. 1731063/2026/TBG-TB_ENG_SR (Computer No. 1751063)
Generated fram eGffice by Plyush Kumar Mishra, SM{PKM)}-TBG-MM-TEG, SM, BHARAT HEAVY ELECTRICAL LTD on 15/01/2026 03:33 pm




CLAUSE NO.

TECHNICAL REQUIREMENTS

P

b) | Ae a function of temperature

6. Heating cycle test

7. Impulse withstand test

& Inspection table of H.T. Cables enclosed.

Indicative list of tests/ checks, Routine and Acceptance teats shall be as per Quality Assurance

SUB-SECTION-B-08
LARA SUPER THERMAL POWER PROJECT| TECHNICAL SPECIFICATIONS  SUB-SECTION.B0S PAGE
STAGE- (2XB00 MW) SECTION VI, PART-B T Ty
EPC PACKAGE o
15]
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SECTION-3

PROJECT DETAILS AND GENERAL SPECIFICATIONS

3.0 GENERAL
This section stipulates the General Technical Requirements under the Contract and
will form an integral part of the Technical Specification.
The provisions under this section are intended to supplement general requirements for
the materials, equipment and services covered under other sections of tender
documents and are not exclusive. However, in case of conflict between the
requirements specified in this section and requirements specified under other sections,
the requirements specified under respective sections shall prevail.

3.1 PROJECT DETAILS
Particular Details

a) | Customer NTPC Ltd.

b) | Engineer/Consultant/ Inspector NTPC Ltd.

c) | Project Title LARA SUPER THERMAL POWER
PROJECT (2x800 MW) : 400kV Switchyard
at NTPC LARA STAGE-II

d) | Project Location Place: Village Lara, bounded by villages
Lara, Chhapora & Lohakhan on the western
side of Odisha State boundary
District: Raigarh
State: Chhattisgarh

e) | Latitude & Longitude 400kV S/s at LARA STAGE-II:

North: 21°45'25"
East. 83°27'26"

f) | Nearest Railway Station Raigarh Railway Station (on South East
Central Railway, Howrah-Bilaspur Broad
Gauge)

g) | Distance of project location from | 30 Km (approx.)

the Railway station

h) | Nearest Major Town Raigarh city

i) | Distance of the town from the |30 Km.

project site

j) | Nearest commercial airport Raipur

k) [ Distance of airport from the project | 50 Km

site
SITE CONDITIONS (for design purposes)

a) | Design ambient temperature 50°C

b) | Maximum Relative humidity 95 %

c) | Height above mean sea level uE Less than 1000 meters
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d) | Pollution Severity Heavily polluted
e) | Criteria for Wind Resistant design | Standard Applicable - IS 875 (Part 3)
of structures and equipment 1987

f) | Basic Wind speed “Vb" at ten |44 m/sec
meters above the mean ground

level.
g) | Category of terrain Cat -2
h) | Risk Coefficient “K1” 1.07

3.1.1 SYSTEM PARAMETERS:

SI.No | Parameters 400 kV
1 i) Highest system voltage 420 kV rms
i) Rated / Nominal system voltage 400kV rns
2 Lightning Impulse voltage (ph to earth & | +1425kVp
between
phases)
Across Isolating distance 1425(+240) KVp
3 Switching impulse voltage (ph to earth) +1050kVp
Across Isolating distance 900(+345) KVp

4 Power frequency withstand for 1 min (rms) to | 520 & 610kV rms as per IEC
earth & between phases

5 Max. fault level (1 sec.) 63 kA

6 Rated dynamic with stand current 157.5 kAP

7 PD Level <5 pico-coulomb
8 Rated frequency 50Hz

9 Rated Ambient Temperature 50.deg.Cen

10 System earthing Effectively earthed
11 Min.creepage ( 25mm/kV) 10500mm

12 Seismic acceleration 0.3g

13 Max. radio interference for freq. between 0.5 | 1000 microvolt
MHz and 2.0 MHz at 266 kV rms
14 Corona extinction voltage Not less 320kV rms

3.1.2 AUXILIARY POWER:

Sl. Nominal Variations in | Frequency Phase Neutral
No. | Connection | Voltage
Voltage
1 415V, +10% 50 (+3% -5%) 3Phase , | Solidly
4 Wire Earthed
2 240V +10% 50 (+3% -5%) 1 phase | Solidly
Earthed
3 220V (+) 10% to (-) 15%. |- DC -

Combined variation of voltage and frequency shall be + 10%. Design fault level of 415V
system shall be restricted to 50kA rms for 1 second.

The operational limits for variation of DC vagliage are (+) 10% to (-) 15%.
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3.1.3 The various minimum heights of the switchyard shall be as given below from plinth
level:

Voltage Equipment /1st Level 2nd Level 3rd Level Peak

400kV 8000mm 16000mm 23000mm 8500mm

The minimum vertical distance from the bottom of the lowest porcelain part of the bushing,
porcelain enclosures or support insulators to the bottom of the equipment structure, where it
rests on the foundation pad shall be 2550mm.

The minimum height of 400kV gantry for AlS shall be 16m+8.5 (peak). However intermediate
gantry height for O/H connection to GT side shall be min 22m+8.5m (peak).

3.1.4 The minimum clearances for 400kV & 220 kV switchyards shall be as given below:

400kV
Phase to earth clearance 3500 mm
Phase to phase clearance 4000 mm
Section clearance 6500 mm

3.2 INSTRUCTION TO BIDDERS:

The bidders shall submit the technical requirements, data and information as per the
technical data sheets, provided in Section-4.

The bidders shall furnish catalogues, engineering data, technical information, design
documents, drawings etc fully in conformity with the technical specification.

It is recognized that the bidders may have standardized on the use of certain components,
materials, processes or procedures different than those specified herein. Alternate proposals
offering similar equipment based on the manufacturer's standard practice will also be
considered provided such proposals meet the specified designs, standard and performance
requirements and are acceptable to the Purchaser. Unless brought out clearly, the Bidder
shall be deemed to conform to this specification scrupulously. All deviations from the
specification shall be clearly brought out in the respective schedule of deviations. Any
discrepancy between the specification and the catalogues or the bid, if not clearly brought out
in the schedule, will not be considered as valid deviation.

Except for lighting fixtures, wherever a material or article is specified or defined by the name
of a particular brand, Manufacturer or Vendor, the specific name mentioned shall be
understood as establishing type, function and quality and not as limiting competition. For
lighting fixtures, makes shall be as defined in Section-Lighting System.

Equipment furnished shall be complete in every respect with all mountings, fittings, erection
hardware (on plinth/equipment structure) fixtures and standard accessories normally
provided with such equipment and/ or needed for erection, completion and safe operation of
the equipment as required by applicable codes, though they may not have been specifically
detailed in the Technical Specifications unless included in the list of exclusions. Materials
and components not specifically stated in the specification but which are necessary for
commissioning and satisfactory operation gfthe switchyard unless specifically excluded shall
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be deemed to be included in the scope of the specification and shall be supplied without any
extra cost. All similar standard components/parts of similar standard equipment under supply
shall be inter-changeable with one another.

The bidder shall supply type tested (including special tests as per tech. specification)
equipment and materials. The test reports shall be furnished by the bidder along with
equipment/ material drawings. In the event of any discrepancy in the test reports, (i.e., if any
test report is not acceptable due to any design/ manufacturing changes or due to non-
compliance with the Technical Specification and/ or applicable standard), the tests shall be
carried out without any additional cost implication to the BHEL. BHEL reserves the right to
get any or all type/tests conducted/repeated.

3.3 CODES AND STANDARDS

The supplier is required to follow local statutory regulations stipulated in the latest amended
Electricity Supply Act 1948 and Indian Electricity Rules 1956 (latest), NTPC safety codes,
and other local rules and regulations.

In addition to the codes and standards specifically mentioned in the relevant technical
specifications for the equipment / plant / system, all equipment parts, systems and works
covered under this specification shall comply with all currently applicable statutory regulations
and safety codes of the Republic of India as well as of the locality where they will be installed,
including the following:

a) Indian Electricity Act

b) Indian Electricity Rules

¢) Indian Explosives Act

d) Indian Factories Act and State Factories Act

e) Indian Boiler Regulations (IBR)

f) Regulations of the Central Pollution Control Board, India

g) Regulations of the Ministry of Environment & Forest (MoEF), Government of India
h) Pollution Control Regulations of Department of Environment, Government of India
i) State Pollution Control Board.

(i) Rules for Electrical installation by Tariff Advisory Committee (TAC).

(k) Building and other construction workers (Regulation of Employment and Conditions of
services) Act, 1996

() Building and other construction workers (Regulation of Employment and Conditions of
services) Central Rules, 1998

(m) Explosive Rules, 1983

(n) Petroleum Act, 1984

(o) Petroleum Rules, 1976,

(p) Gas Cylinder Rules, 1981

(q) Static and Mobile Pressure Vessels (Unified) Rules, 1981

(r) Workmen's Compensation Act, 1923

(s) Workmen's Compensation Rules, 1924

(t) NTPC Safety Rules for Construction and Erection

(u) NTPC Safety Policy

(v) Any other statutory codes / standards / regulations, as may be applicable.

Unless covered otherwise in the specifications, the latest editions (as applicable as on the
date of bid opening 03.03.2023), of the codgs and standards given below shall also apply:
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a) Bureau of Indian standards (BIS)

b) Japanese Industrial Standards (JIS)

c) American National Standards Institute (ANSI)

d) American Society of Testing and Materials (ASTM)

e) American Society of Mechanical Engineers (ASME)

f) American Petroleum Institute (API)

g) Standards of the Hydraulic Institute, U.S.A.

h) International Organization for Standardization (ISO)

i) Tubular Exchanger Manufacturer's Association (TEMA)
j) American Welding Society (AWS)

k) National Electrical Manufacturers Association (NEMA)
I) National Fire Protection Association (NFPA)

m) International Electro-Technical Commission (IEC)/ European Norm (EN)
n) Expansion Joint Manufacturers Association (EJMA)

o) Heat Exchange Institute (HEI)

p) IEEE standard

q) JEC standard

Other International/ National standards such as DIN, VDI, BS, GOST etc. shall also be
accepted for only material codes and manufacturing standards, subject to the Employer's
approval, for which the Bidder shall furnish, adequate information to justify that these
standards are equivalent or superior to the standards mentioned above. In all such cases the
Bidder shall furnish specifically the variations and

deviations from the standards mentioned elsewhere in the specification together with the
complete word to word translation of the standard that is normally not published in English.

As regards highly standardized equipments such as Steam Turbine and Generator, National
/International standards such as JIS, DIN, VDI, ISO, SEL, SEW, VDE, IEC & VGB shall also
be considered as far as applicable for Design, Manufacturing and Testing of the respective
equipment. However, for those of the above equipment not covered by these National /
International standards, established and proven standards of manufacturers shall also be
considered.

In the event of any conflict between the codes and standards referred to in the above clauses
and the requirement of this specification, the requirement of Technical Specification shall
govern.

In case of any change in codes, standards & regulations between the date of bid opening
(03.03.2023) and the date when vendors proceed with fabrication, the Employer shall have
the option to incorporate the changed requirements or to retain the original standard. It shall
be the responsibility of the Contractor to bring to the notice of the Employer such changes
and advise Employer of the resulting effect.

3.4 SERVICES TO BE PERFORMED BY THE EQUIPMENT BEING FURNISHED

The 400 kV system is being designed to limit the power frequency over voltage of 1.5 p.u.
and the switching surge over voltage to 2.5 p.u. In 400 kV system the initial value of
temporary over voltage could be 2.0 p.u. for 1-2 cycles. All the equipment/materials covered
in this specification shall perform all its function satisfactorily without undue strain, restrike
etc. under such over voltage conditions. 54
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All equipment shall also perform satisfactorily under various other electrical,
electromechanical and meteorological conditions of the site of installation. All equipment shall
be able to withstand all external and internal mechanical, thermal and electromechanical
forces due to various factors like wind load, temperature variation, ice & snow, (not applicable
for this project) short circuit etc for the equipment.

The equipment shall also comply with the following:

a) All equipments shall be suitable for hot line washing.

b) To facilitate erection of equipment, all items to be assembled at site shall be "match
marked”.

c) Piping, if any, between equipment control cabinet or operating mechanism to marshalling
box of the equipment shall bear proper identification to facilitate the connection at site.

d) All equipment shall be supplied with necessary inter-pole cabling, and its cost shall be
included in the cost of equipment.

3.5ENGINEERING DATA

3.5.1 Drawings

All drawings submitted by the supplier including those submitted at the time of bid shall be in
sufficient detail to indicate the type, size, arrangement, material description, Bill of Materials,
weight of each component, break-up for packing and shipment, the external connections,
fixing arrangement required. The dimensions required for installation and interconnections
with other equipment and materials, clearances and spaces required for installation and
interconnections between various portions of equipment and any other information
specifically requested in the specifications.

Each drawing submitted by the Contractor (including those of sub-vendors) shall bear a title
block at the right hand bottom corner with clear mention of the name of the Employer, the
system designation, the specifications title, the specification number, the name of the Project,
drawing number and revisions. If standard catalogue pages are submitted, the applicable
items shall be indicated therein. All titles, noting, markings and writings on the drawing shall
be in English. All the dimensions should be in metric units.

After the approval of the drawings, further work by the Contractor shall be in strict
accordance with these drawings and no deviation shall be permitted without the written
approval of the Purchaser, if so required.

The review of these data by the purchaser will cover only general conformance of the data to
the specification and documents, interfaces with the equipment provided under specification,
external connections and of the dimensions which might affect plan layout. This review by the
purchaser may not indicate a thorough review of the dimensions, quantities and details of the
equipment, material, any devices or items indicated or the accuracy of the information
submitted. This review and/or approval by the purchaser shall not be considered by the
contractor, as limiting any of his responsibilities and liabilities for mistakes and deviations
from the requirements, specified under these specifications and documents.

All manufacturing and fabrication work in connection with the equipment prior to the approval
of the drawings shall be at the Contractor's risk. The Contractor may make any changes in
the design which are necessary to make tlag equipment conform to the provisions and intent
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of the Contract and such changes will again be subject to approval by the Purchaser.
Approval of Contractor's drawing or work by the Purchaser shall not relieve the contractor of
any of his responsibilities and liabilities under the Contract.

All engineering data submitted by the contractor after final process including review and
approval by the purchaser shall form part of the contract document and the entire work
performed under these specifications shall be performed in strict conformity, unless otherwise
expressly requested by the purchaser in writing.

3.5.2 Approval Procedure
The following procedure for submission and review/approval of the drawings, data-reports,
information, etc. shall be followed by Contractor:

a.

All data/information furnished by Vendor in the form of drawings, documents, Catalogues
or in any other form for NTPC’s information/interface and/or review and approval are
referred by the general term “drawings”.

The ‘Master drawings list' indicating titles, Drawing Number, Date of submission and
approval etc. shall be finalised mutually between Contractor and Employer before the
award of contract. This list shall be updated if required at suitable interval during detailed
engineering.

All drawings (including those of subvendor’s) shall bear at the right hand bottom corner
the ‘title plate’ with all relevant information duly filled in. The Contractor shall furnish this
format to his subvendor along with his purchase order for subvendor's compliance.

Contractor shall submit all the drawings in five (5) copies for review of Employer.
Employer shall forward their comments within four (4) weeks of receipt of drawings.

Upon review of each drawings, depending on the correctness and completeness of the
drawings, the same will be categorised and approval accorded in one of the following
categories:

CATEGORY | Approved

CATEGORY I Approved subject to incorporation of
comments/modification as noted. Resubmit revised
drawing incorporating the comments

CATEGORY il Not approved. Resubmit revised drawings for Approval
after incorporating comments/modifications as noted
CATEGORY IV For information and records
Contractor shall resubmit the drawings approved under Category Il, lll within one (1)

week of receipt of comments on the drawings, incorporating all comments. Every revision
of the drawing shall bear a revision index wherein such revisions shall be highlighted in
the form of description or marked up in the drawing identifying the same with relevant
revision number enclosed in a triangle (e.g 1.2.3. etc.).

In case Contractor does not agree with any specific comment, he shall furnish the
explanation for the same to Employer consideration. In all such cases Contractor shall
necessarily enclose explanations along with the revised drawing (taking care of balance
comments) to avoid any delay and/or dugplication in review work.
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h. ltis the responsibility of the Contractor to get all the drawings approved in the Category |
or IV (as the case may be) and complete engineering activities within the agreed
schedule. Any delay arising out of submission and modification of drawings shall not alter
the contract completion schedule.

i. Contractor shall not make any changes in the portion of the drawing other than those
commented. If changes are required to be made in the portions already approved, the
Contractor shall resubmit the drawings identifying the changes (along with reasons for
changes) for Employer's review and approval. Drawings resubmitted shall show
clearly the portions where the same are revised marking the relevant revision
numbers and Employer shall review only such revised portion of documents.

j-  Approval of drawings will not in any way relieve the Contractor of his obligations of
furnishing the equipment in accordance with the specification and shall not prevent
subsequent rejection if such equipment is later found to be defective.

3.5.3 Erection Drawings.

a. Contractor shall furnish erection drawings for the guidance or commencement of erection
or the first shipment, whichever is earlier. These shall generally comprise of
fabrication/assembly drawings, various component/part details drawing, assembly,
clearance data requirements, etc. The drawings shall contain details of components/
equipment with identification number, match marks, bill of materials, assembly
procedures etc.

b. For all major equipment apart from above details, assembly sequence and
instructions with check-lists shall be furnished in the form of erection manuals.

3.5.4 Instruction Manual

a. The Contractor shall submit to the Employer preliminary instruction manuals for all the
equipments for review. The final instructions manuals incorporating Employer’s
comments and complete in all respect shall be submitted at least sixty (60) days before
the first shipment of the equipment. The instruction manuals shall contain full details and
drawings of all the equipments, the transportation, storage, installation, testing, operation
and maintenance procedures, etc. separately for each component/equipment along with
log record format. These instruction manuals shall be submitted in five (5) copies for
approval.

b. If after commissioning and initial operation of the plant, the instruction manuals require
any modifications/additions/changes, the same shall being corporate and the updated
final instruction manuals shall be submitted.

c. The operating and maintenance instructions together with drawings (other than shop
drawings) of the equipment, as completed, shall have sufficient details to enable the
Employer to maintain, dismantle, reassemble and adjust all parts of the equipment. They
shall give a step by step procedure for all operations likely to be carried out during the life
of the plant/equipment, including erection, testing, commissioning, operation,
maintenance dismantling and repair. Each manual shall also include a complete set of
approved drawings together with performance/rating curves of the equipment and test
certificates, wherever applicable. The,gontract shall not be considered completed for
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purpose of taking over until such instructions and drawings have been supplied to the
Employer.

A separate section of the manual shall be for each size/type of equipment and shall
contain a detailed description of construction and operation, together will all relevant
pamphlets.

The manuals shall include the following

a) List of spare parts along with their drawing and catalogues and procedure for ordering
spares.

b) Lubrication Schedule including charts showing lubrication checking, testing and
replacement procedure to be carried daily, weekly, monthly & at longer intervals to
ensure trouble free operation.

Where applicable, fault location charts shall be included to facilitate finding the cause of
mal-operation or break down.

A collection of the manufacturer's standard leaflets will not accepted to be taken as a
compliance of this clause. The manual shall be specifically compiled for the concerned
project.

3.5.5 ERECTION MANUALS

a)
b)
c)
d)
e)
f)
Q)

h)
i)
)
k)
1)

The erection manuals shall be submitted at least three (3) months prior to the
commencement of erection activities of a particular equipment/system. The erection
manual should contain the following as a minimum:

Erection strategy.

Sequence of erection.

Erection instructions.

Critical checks and permissible deviation/tolerances.

List of tools, tackles, heavy equipments like cranes, dozers, etc.

Bill of Materials

Procedure for erection and General Safety procedures to followed during
erection/installation.

Procedure for initial checking after erection.

Procedure for testing and acceptance norms.

Procedure / Check list for pre-commissioning activities.

Procedure / Check list for commissioning of the system.

Safety precautions to be followed in electrical supply distribution during erection

3.5.6 OPERATION & MAINTENANCE MANUALS

a)

b)

The manual shall be a two rim PVC bound stiff sided binder able to withstand constant
usage or where a thicker type is required it shall have locking steel pins, the size of the
manual shall not be larger than international size A3. The cover shall be printed with the
Project Name, Services covered and Volume / Book humber Each section of the manual
shall be divided by a stiff divider of the same size as the holder. The dividers shall clearly
state the section number and title. All written instructions within the manual not provided
by the manufacturers shall be typewritten with a margin on the left hand side.

The arrangement and contents of O & M manuals shall be as follows:

25
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1) Chapter 1 - Plant Description: To contain the following sections specific to the
equipment/system supplied
(a) Description of operating principle of equipment / system with schematic drawing /
layouts.
(b) Functional description of associated accessories / controls. Control interlock
protection write up.
(c) Integrated operation of the equipment alongwith the intended system. (This to be
given by the supplier of the Main equipment by taking into account the operating
instruction given by the associated suppliers).
(d) Exploded view of the main equipment, associated accessories and auxiliaries with
description. Schematic drawing of the equipment alongwith its accessories and
auxiliaries.
(e) Design data against which the plant performance will be compared.
(H Master list of equipments, Technical specification of the equipment/ system and
approved data sheets.
(9) Identification system adopted for the various components, (it will be of a simple
process linked tagging system).
(h) Master list of drawings (as built drawing - Drawings to be enclosed in a separate
volume).

2) Chapter 2.0 - Plant Operation: To contain the following sections specific to the equipment
supplied

(a) Protection logics provided for the equipment alongwith brief philosophy behind the
logic, Drawings etc.

(b) Limiting values of all protection settings.

(c) Various settings of annunciation/interlocks provided.

(d) Startup and shut down procedure for equipment alongwith the associated systems
in step mode.

(e) Do's and Don'ts related to operation of the equipment.

(f) Safety precautions to be taken during normal operation. Emergency instruction on
total power failure condition/lubrication failure/any other conditions.

(g) Parameters to be monitored with normal value and limiting values.

(h) Equipment isolating procedures.

(i) Trouble shooting with causes and remedial measures.

() Routine testing procedure to ascertain healthiness of the safety devices alongwith
schedule of testing.

(k) Routine Operational Checks, Recommended Logs and Records

(I) Change over schedule if more than one auxiliary for the same purpose is given.

(m) Preservation procedure on long shut down.

(n) System/plant commissioning procedure.

3) Chapter 3.0 - Plant Maintenance- To contain the following sections specific to the
equipment supplied.

(a) Exploded view of each of the equipments. Drawings alongwith bill of materials
including name, code no. & population.

(b) Exploded view of the spare parts and critical components with dimensional
drawings (In case of Electronic cards, the circuit diagram to be given) and spare parts
catalogue for each equipment.
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(c) List of Special T/ P required for Overhauling /Trouble shooting including special
testing equipment required for calibration etc.

(d) Stepwise dismantling and assembly procedure clearly specifying the tools to be
used, checks to be made, records to be maintained etc. Clearance to be maintained
etc.

(e) Preventive Maintenance schedules linked with running hours/calendar period along
with checks to be carried out.

(H Overhauling schedules linked with running hours/calendar period alongwith checks
to be done.

(g) Long term maintenance schedules

(h) Consumabiles list along with the estimated quantity required during normal running
and during maintenance like Preventive Maintenance and Overhauling.

(i) List of lubricants with their Indian equivalent, Lubrication Schedule including charts
showing lubrication checking, testing and replacement procedure to be carried daily,
weekly, monthly & at longer intervals to ensure trouble free operation and quantity
required for complete replacement.

(j) Tolerance for fitment of various components.

(k) Details of sub vendors with their part no. in case of bought out items.

() List of spare parts with their Part No, total population, life expediency & their
interchangeability with already supplied spares to NTPC.

(m) List of mandatory and recommended spare list along with manufacturing drawings
material specification & quality plan for fast moving consumable spares.

(n) Lead time required for ordering of spares from the equipment supplier, instructions
for storage and preservation of spares.

(o) General information on the equipment such as modification carried out in the
equipment from its inception, equipment population in the country / foreign country and
list of utilities where similar equipments have been supplied.

After finalization and approval of the Employer, the O & M Manuals shall be submitted as
indicated in table below. The Contract shall not be considered to be completed for purposes
of taking over until the final Instructions manuals (both erection and O & M manuals have
been supplied to the Employer. If after the commissioning and initial operation of the plant,
the instruction manuals (Erection and /or O &M manuals) require modifications/additions/
changes, the same shall be incorporated and the updated final instruction manuals shall be
submitted by the Contractor to the Employer for records and number of copies shall be as
mentioned in table below:

S. No. | Description of Drgs/Docs No. of Prints No. of CD
ROMSs/DVDs/Portable
Hard Disk
1 Erection Manual 4 Sets 2
2 Operation & Maintenance | 1 Sets 1
manual
i) First Submission
ii) Final Submission 4 Sets 2

3.5.7 Final Submission of drawings and documents:
The Contractor shall furnish the following after approval of all drawings /documents and test
reports:

a. List of drawings bearing the Employer'sand Contractor’'s drawing number.
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b. Three (3) bound sets along with 2 portable hard disk of all drawing.

c. Alldocuments/designs in two (3) copies as noted above.

d. Contractor shall also furnish three (3) bound sets of all as-built drawings including the list
of all as-built drawings bearing drawing numbers. The Contractor shall also furnish two
(2) sets of CD-ROMs/ DVD/Portable hard disk of all as-built drawings as decided by the
Employer.

e. The Contractor shall also furnish four (4) copies of instruction/ operations & maintenance
manuals (after approval) for all the equipments.

3.5.8 TEST REPORTS

Two (2) copies of all test reports shall be supplied for approval before shipment of
Equipment. The report shall indicate clearly the standard value specified for each test to
facilitate checking of the reports. After final approval six (6) bound copies & 2 set of soft
copies in portable hard disk of all type and routine test reports shall be submitted to
Employer.

3.6 MATERIAL /WORKMANSHIP

Where the specification does not contain references to workmanship, equipment, materials
and components of the covered equipment, it is essential that the same must be new, of
highest grade of the best quality of their kind, conforming to best engineering practice and
suitable for the purpose for which they are intended and shall ensure satisfactory
performance throughout the service life.

In case where the equipment, materials or components are indicated in the specification as
“similar’ to any special standard the purchaser shall decide upon the question of similarity.
When required by the specification or when required by the purchaser the contractor shall
submit, for approval, all the information concerning the materials or components to be used in
manufacture. Machinery, equipment, materials and components supplied, installed or used
without such approval shall run the risk of subsequent rejection, it being understood that the
cost as well as the time delay associated with the rejection shall be borne by the Contractor.

The design of the Works shall be such that installation, future expansions, replacements and
general maintenance may be undertaken with a minimum of time and expenses. Each
component shall be designed to be consistent with its duty and suitable factors of safety
subject to mutual agreements. All joints and fastenings shall be devised, constructed and
documented so that the component parts shall be accurately positioned and restrained to
fulfill their required function. In general, screw threads shall be standard metric threads. The
use of other thread forms will only be permitted when prior approval has been obtained from
the Purchaser.

Whenever possible, all similar part of the works shall be made to gauge and shall also be
made interchangeable with similar parts. All spare parts shall also be interchangeable and
shall be made of the same materials and workmanship as the corresponding parts of the
equipment supplied under the specification. Where feasible, common component units shall
be employed in different pieces of equipment in order to minimize spare parts stocking
requirements. All equipment of the same type and rating shall be physically and electrically
interchangeable.

The equipment offered in the bid only shall be accepted for supply, with the minimum
modifications as agreed/accepted.

3.7PROVISIONS FOR EXPOSURE TO HOT AND HUMID CLIMATE
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Outdoor equipment supplied under the specification shall be suitable for service and storage
under tropical conditions of high temperature, high humidity' heavy rainfall and environment
favorable to the growth of fungi and mildew. The indoor equipment located in non-air-conditioned
areas shall also be of same type.

SPACE HEATERS
The heaters shall be suitable for continuous operation at 230 V as supply voltage. On —off switch
and fuse shall be provided.

One or more adequately rated thermostatically connected heaters shall be supplied to prevent
condensation in any compartment. The heaters shall be installed in the compartment and
electrical connections shall be made sufficiently away from below the heaters to minimize
deterioration of supply wire insulation. The heaters shall be suitable to maintain the compartment
temperature to prevent condensation.

The heaters shall be suitably designed to prevent any contact between the heater wire and the
air and shall consist of coiled resistance wire centered in a metal sheath and completely
encased in a highly compacted powder of magnesium oxide or other material having equal heat
conducting and electrical insulation properties or they shall consist of resistance wire wound on a
ceramic and completely covered with a ceramic material to prevent any contact between the wire
and the air. Alternatively, they shall consist of a resistance wire mounted into a tubular ceramic
body built into an envelope of stainless steel or the resistance wire is wound on a tubular
ceramic body and embedded in vitreous glaze. The surface temperature of the heaters shall be
restricted to a value which will not shorten the life of the heater sheaths or that of insulated wire
or other component in the compartments.

FUNGI STATIC VARNISH

Besides the space heaters, special moisture and fungus resistance varnish shall be applied on
parts which may be subjected or predisposed to the formation of fungi due to the presence or
deposit of nutrient substances. The varnish shall not be applied to any surface of part where the
treatment will interfere with the operation or performance of the equipment. Such surfaces or
parts shall be protected against the application of the varnish.

Ventilation opening

In order to ensure adequate ventilation, compartments shall have ventilation openings provided
with fine wire mesh of brass to prevent the entry of insects and to reduce to a minimum the entry
of dirt and dust. Outdoor compartment openings shall be provided with shutter type blinds.

Degree of Protection
The enclosure of the Control Cabinets, Junction boxes and Marshalling Boxes, panels etc. to be
installed shall provide degree of protection as detailed here under:

Installed outdoor: IP- 55

Installed indoor in air conditioned area: IP-31

Installed in covered area: IP-52

Installed indoor in non-air-conditioned area where possibility of entry of water is limited: IP-
41.

e. For LT Switchgear (AC & DC distribution Boards): IP-52 (Indoor), IP-54 (outdoor)

Coop

29
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The degree of protection shall be in accordance with IS: 13947 (Part —I) / IEC-947 (Part-l) / IS
12063/IEC 529. Type test report for degree of protection test, on each type of the box shall be
submitted for approval.

PRESERVATIVE SHOP COATING

All exposed metallic surfaces subject to corrosion shall be protected by shop application of
suitable coatings. All surfaces which will not be easily accessible after the shop assembly, shall
be treated beforehand and protected for the life of the equipment. All surfaces shall be
thoroughly cleaned of all mill scales, oxides and other coatings and prepared in the shop. The
surfaces that are to be finish-painted after installation or require corrosion protection until
installation, shall be shop painted as per the requirements covered in the relevant part of the
Technical Specification.

Transformers and other electrical equipments, if included shall be shop finished with one or more
coats of primer and two coats of high grade resistance enamel. The finished colors shall be as
per manufacturer's standards, to be selected and specified by the Employer at a later date.

Shop primer for all steel surfaces which will be exposed to operating temperature below 95
degrees Celsius shall be selected by the Contractor after obtaining specific approval of the
Employer regarding the quality of primer proposed to be applied. Special high temperature
primer shall be used on surfaces exposed to temperature higher than 95 degrees Celsius and
such primer shall also be subject to the approval of the Employer.

3.8RATING PLATES, NAME PLATES AND LABELS

3.8.1 Each equipment shall have permanently attached to it in a conspicuous position, a
rating plate of non-corrosive material upon which shall be engraved manufacturer’s
name, equipment, type or serial number together with details of the ratings, service
conditions under which the item of plant in question has been designed to operate, and
such diagram plates as may be required by the Employer.

3.8.2 Such nameplates or labels shall be of white non-hygroscopic material with engraved
black lettering or alternately, in the case of indoor circuit breakers, starters, etc. of
transparent plastic material with suitably coloured lettering engraved on the back.

3.8.3 The rated current, extended current rating and rated thermal current shall be clearly
indicated in the name plate in case of current transformer.

3.8.4 Rated voltage, voltage factor and intermediate voltage shall be clearly indicated on the
nameplate in case of capacitor voltage transformer.

3.8.5 Each switch shall a clear inscription identifying its function. Switches shall also have a
clear inscription of each position indication.

3.8.6 All segregated phases of conductors or bus ducts, indoor or outdoor, shall be provided
with coloured phase plates to clearly identify the phase of the system.

3.8.7 All such plates, instruction plates, etc. shall be bilingual with Hindi inscription first,
followed by English. Alternatively, two separate plates one with Hindi and the other with
English inscriptions may be provided.

30
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3.9 GALVANISING:

3.9.1 The galvanised surface shall consist of a continuous film adhering to the steel. The
finished surface shall be clean and smooth, and shall be free from defects like
dissolved  patches, base, spot, 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 shall render the material liable to
rejection.

3.9.2 All exposed ferrous parts shall be hot dip galvanised as per 1S:2629 & 1S:2633,
Galvanising shall be uniform, smooth continuous and free from acid spots. Should the
galvanising of the sample be found defective, the entire batch of steel shall have to be
re-galvanised at Contractor's cost. The amount of zinc deposit shall be not less than
610 gms. per sq.m. of surface area and in addition, the thickness of zinc at any spot
shall not be less than 85 microns. The Employer reserves the right to measure the
thickness of zinc deposit by Elkometer or any other instrument acceptable to Employer
and reject any component which shows thickness of zinc at any location less than 85
microns. The testing on the galvanised materials shall be carried out as per 1S:2633.

3.9.3 The amount of zinc deposit over threaded portion of the bolts, nuts and screws shall
not be less than 300 gms. per sq. meter of surface area. The amount of zinc deposit on
washers shall not be less than 340 gms. per sq. meter of surface area. The threads
having extra deposit of zinc shall be removed by die cutting after the completion of
galvanising. The removal of extra zinc shall be carefully done so that threads shall have
minimum deposits of zinc on them as specified.

3.10 PAINTING
Unless explicitly stated in relevant chapters of the specification, the painting of all
electrical
equipment shall be as follows:
Epoxy based with suitable additives. The thickness of finish coat shall be minimum 50
microns (minimum total DFT shall be 100 microns). However in case electrostatic
process of painting is offered for any electrical equipment, minimum paint thickness of
50 microns shall be acceptable for finish coat. Paint shade shall be as per technical
specification.

3.1 QUALITY ASSURANCE PROGRAMME

3.11.1 The Contractor shall adopt suitable quality assurance programme to ensure that the
equipment and services under the scope of contract whether manufactured or
performed within the Contractor's works or at his subcontractor's premises or at the
Employer’s site or at any other place of work are in accordance with the specifications.
Such programmes shall be outlined by the Contractor and shall be finally accepted by
the Employer/authorised representative after discussions before the award of the
contract. The QA programme shall be generally in line with ISO-9001/1S- 14001.

A quality assurance programme of the contractor shall generally cover the following:

i. His organisation structure for the management and implementation of the
proposed quality assurance programme
ii. Quality System Manual
iii. Design Control System
iv.  Documentation Data Control System
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v. Qualification data for Bidder's key Personnel.

vi. The procedure for purchase of materials, parts, components and selection of
sub-contractor’'s services including vendor analysis, source inspection,
incoming raw-material inspection, verification of materials purchased etc.

vii. System for shop manufacturing and site erection controls including process,
fabrication and assemibly.

viii. Control of non-conforming items and system for corrective actions and
resolution of deviations.

ix. Inspection and test procedure both for manufacture and field activities.

Xx.  Control of calibration and testing of measuring testing equipments.

xi.  System for Quality Audits.

xii.  System for identification and appraisal of inspection status.

xiii.  System for authorising release of manufactured product to the Employer.

xiv.  System for handling storage and delivery.

xv.  System for maintenance of records, and

xvi.  Furnishing quality plans for manufacturing and field activities detailing out the
specific quality control procedure adopted for controling the quality
characteristics relevant to each item of equipment/component as per format
enclosed as Annexure-I.

3.12 GENERAL REQUIREMENTS - QUALITY ASSURANCE

3.12.1 All materials, components and equipment covered under this specification shall be
procured, manufactured, erected, commissioned and tested at all the stages, as per a
comprehensive Quality Assurance Programme. An indicative programme of
inspection/tests to be carried out by the contractor for some of the major items is given
in the respective technical specification. This is, however, not intended to form a
comprehensive programme as it is the contractor's responsibility to draw up and
implement such programme duly approved by the Employer. The detailed Quality Plans
for manufacturing and field activities should be drawn up by the Bidder and will be
submitted to Employer for approval. Schedule of finalisation of such quality plans will
be finalised before award.

3.12.2 Manufacturing Quality Plan will detail out for all the components and equipment,
various tests/inspection, to be carried out as per the requirements of this specification
and standards mentioned therein and quality practices and procedures followed by
Contractor's/ Sub-contractor’s/ sub-supplier's Quality Control Organisation, the relevant
reference documents and standards, acceptance norms, inspection documents raised
etc., during all stages of materials procurement, manufacture, assembly and final
testing/performance testing. The Quality Plan shall be submitted on electronic media
e.g. floppy or E-mail in addition to hard copy, for review. Once the same is finalised,
hard copies shall be submitted for approval. After approval the same shall be submitted
in compiled form on CD ROM.

3.12.3 Field Quality Plans will detail out for all the equipment, the quality practices and
procedures etc. to be followed by the Contractor's site Quality Control Organisation,
during various stages of site activities starting from receipt of materials/equipment at
site.

3.12.4 The Bidder shall also furnish copies of the reference documents/plant
standards/acceptance norms/tests and inspection procedure etc., as referred in Quality
Plans along with Quality Plaps. These Quality Plans and reference

Section-3 Page 16 0of 33
Receipt No. 1751063/2026/TBG-TB_ENG_SR (Computer No. 1751063)

Generated from eOffice by Piyush Kumar Mishra, SM(PKM)-TBG-MM-TBG, SM, BHARAT HEAVY ELECTRICAL LTD on 15/01/2026 03:33 pm



644907/2024/TBG-TB HVDC

PROJECT: 400kV Switchyard for LARA SUPER THERMAL POWER PROJECT (2X800MW)
CUSTOMER: NTPCLTD.

Document No. TB-423-369-001, Rev.00

Section-3: Project Details and General Specification

documents/standards etc. will be subject to Employer's approval without which
manufacturer shall not proceed.

3.12.5 These approved documents shall form a part of the contract. In these approved Quality
Plans, Employer shall identify customer hold points (CHP), i.e. test/checks which shall
be carried out in presence of the Employer's Project Manager or his authorised
representative and beyond which the work will not proceed without consent of
Employer/Authorised representative in writing. All deviations to this specification,
approved quality plans and applicable standards must be documented and referred to
Employer along with technical justification for approval and dispositioning.

3.12.6 No material shall be despatched from the manufacturer's works before the same is
accepted subsequent to pre-despatch final inspection including verification of records
of all previous tests/inspections by Employer's Project Manager/Authorised
representative and duly authorised for despatch by issuance of MDCC.

3.12.7 All material used for equipment manufacture including casting and forging etc. shall be
of tested quality as per relevant codes/standards. Details of results of the tests
conducted to determine the mechanical properties, chemical analysis and details of
heat treatment procedure recommended and actually followed shall be recorded on
certificates and time temperature chart. Tests shall be carried out as per applicable
material standards and/or agreed details.

3.12.8 All welding and brazing shall be carried out as per procedure drawn and qualified in
accordance with requirements of ASME Section IX/BS-4870 or other International
equivalent standard acceptable to the Employer.

3.12.9 All welding/brazing procedures shall be submitted to the Employer or its authorised
representative for approval prior to carrying out the welding/brazing.

3.12.10 All brazers, welders and welding operators employed on any part of the contract either
in Contractor’'s/his sub-contractor's works or at site or elsewhere shall be qualified as
per ASME Section-IX or BS-4871 or other equivalent International Standards
acceptable to the Employer.

3.12.11 Test results or qualification tests and specimen testing shall be furnished to the
Employer for approval. However, where required by the Employer, tests shall be
conducted in presence of Employer/authorised representative.

3.12.12 For all pressure parts and high pressure piping welding, the latest applicable
requirements of the IBR (Indian Boiler Regulations) shall also be essentially complied
with. Similarly, any other statutory requirements for the equipments/systems shall also
be complied with. On all back-gauged welds MPI/LPI shall be carried before seal
welding.

3.12.13 All the heat treatment results shall be recorded on time temperature charts and
verified with recommended regimes.

3.12.14 No welding shall be carried out on cast iron components for repair.
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3.12.15 Unless otherwise proven and specifically agreed with the Employer, welding of
dissimilar materials and high alloy materials shall be carried out at shop only.

3.12.16 All non-destructive examination shall be performed in accordance with written
procedures as per International Standards. The NDT operator shall be qualified as per
SNT-TC-IA (of the American Society of non-destructive examination). NDT shall be
recorded in a report which includes details of methods and equipment used,
result/evaluation, job data and identification of personnel employed and details of co-
relation of the test report with the job.

In general all plates of thickness greater than 40mm & for pressure parts plates of
thickness equal to or greater than 25mm shall be ultrasonically tested otherwise as
specified in respective equipment specification. All bar stock/Forging of diameter equal
to or greater than 50mm shall be ultrasonically tested.

The Contractor shall list out all major items/ equipment/ components to be
manufactured in house as well as procured from sub-contractors (BOI). All the
subcontractor proposed by the Contractor for procurement of major bought out items
including castings, forging, semi-finished and finished components/equipment etc., list
of which shall be drawn up by the Contractor and finalised with the Employer, shall be
subject to Employer's approval. The contractor's proposal shall include vendor's
facilities established at the respective works, the process capability, process
stabilization, QC systems followed, experience list, etc. along with his own technical
evaluation for identified subcontractors enclosed and shall be submitted to the
Employer for approval within the period agreed at the time of pre-awards discussion
and identified in "DR" category prior to any procurement. Such vendor approval shall
not relieve the contractor from any obligation, duty or responsibility under the contract.

3.12.17 For components/equipment procured by the contractors for the purpose of the
contract, after obtaining the written approval of the Employer, the contractor’s purchase
specifications and inquiries shall call for quality plans to be submitted by the suppliers.
The quality plans called for from the subcontractor shall set out, during the various
stages of manufacture and installation, the quality practices and procedures followed
by the vendor's quality control organisation, the relevant reference
documents/standards used, acceptance level, inspection of documentation raised, etc.

3.12.18 Employer reserves the right to carry out quality audit and quality surveillance of the
systems and procedures of the Contractor’s or their sub vendor’'s quality management
and control activities. The contractor shall provide all necessary assistance to enable
the Employer carry out such audit and surveillance.

3.12.19 The contractor shall carry out an inspection and testing programme during
manufacture in his work and that of his sub-contractors and at site to ensure the
mechanical accuracy of components, compliance with drawings, conformance to
functional and performance requirements, identity and acceptability of all materials
parts and equipment. Contractor shall carry out all tests/inspection required to establish
that the items/equipments conform to requirements of the specification and the relevant
codes/standards specified in the specification, in addition to carrying out tests as per
the approved quality plan.
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3.12.20 Quality audit/surveillance/approval of the results of the tests and inspection will not,
however, prejudice the right of the Employer to reject the equipment if it does not
comply with the specification when erected or does not give complete satisfaction in
service and the above shall in no way limit the liabilities and responsibilities of the
Contractor in ensuring complete conformance of the materials/equipment supplied to
relevant specification, standard, data sheets, drawings, etc.

3.12.21 For all spares and replacement items, the quality requirements as agreed for the main
equipment supply shall be applicable.

3.12.22 Repair/rectification procedures to be adopted to make the job acceptable shall be
subject to the approval of the Employer/ authorised representative.

3.13 Environmental Stress Screening

All solid state electronic system / equipment / sub assembly shall be free from infant
mortile components. For establishing the compliance to this requirement, the contractor
/ sub - contractor should meet the following.

1. The Contractor / Sub — contractor shall furnish the established procedure being
followed for eliminating infant mortile components. The procedure followed by the
Contractor / Sub — contractor should be substantiated along with the statistical
figures to validate the procedure being followed. The necessary details as required
under this clause shall be furnished at the stage of QP finalization.

Or

In case the Contractor / Sub — contractor do not have any established procedure to
eliminate infant mortile components then two or 10% whichever is less, most
densely populated Panels shall be tested for Elevated Temperature Cycle Test as
per the following procedure.

Elevated Temperature Test Cycle

During the elevated temperature test which shall be for 48 hours, the ambient
temperature shall be maintained at 50° C. The equipment shall be interconnected
with devices and kept under energized conditions so as to repeatedly perform all
operations it is expected to perform in actual service with load on various
components being equal to those which will be experienced in actual service.

During the elevated temperature test the cubicle doors shall be closed (or shall be
in the position same as they are supposed to be in the field) and inside
temperature in the zone of highest heat dissipating components / modules shall be
monitored. The temperature rise inside the cubicle should not exceed 10° C above
the ambient temperature at 50° C.

In case of any failure during the test cycle, the further course of action should be
mutually discussed for demonstrating the intent of the above requirement.

Burn In Test Cycle
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The test shall be conducted on all the panels fully assembled and wired including
the panels having undergone the above mentioned elevated temperature test.

The period of Burn in Test Cycle shall be 120 hrs and process shall be similar to
the elevated temperature test as above except that the temperature shall be
reduced to the ambient temperature prevalent at that time.

During the above tests, the process I/O and other load on the system shall be
simulated by simulated inputs and in the case of control systems, the process
which is to be controlled shall also be simulated. Testing of individual components
or modules shall not be acceptable.

During the Burn in Test the cubicle doors shall be closed (or shall be in the position
same as they are supposed to be in the field) and inside temperature in the zone of
highest heat dissipating components / modules shall be monitored. The
temperature rise inside the cubicle should not exceed 10° C above the ambient
temperature.

The Contractor / Sub-contractor shall carry out routine test on 100% item at
contractor / sub-contractor's works. The quantum of check / test for routine &
acceptance test by employer shall be generally as per criteria / sampling plan
defined in referred standards. Wherever standards have not been mentioned
quantum of check / test for routine / acceptance test shall be as agreed during
detailed engineering stage.

3.14 QUALITY ASSURANCE DOCUMENTS

The Contractor shall be required to submit two hard copies and two sets on CDROM
of the following Quality Assurance Documents as identified in respective quality plan
with tick (V) mark.

Each QA Documentation shall have a project specific Cover Sheet bearing name &
identification number of equipment and including an index of its contents with page
control on each document.

The QA Documentation file shall be progressively completed by the Supplier's sub-
supplier to allow regular reviews by all parties during the manufacturing.

The final quality document will be compiled and issued at the final assembly place of
equipment before dispatch. However, CD-ROM may be issued not later than three
weeks.

3.14.1 Typical contents of Quality Assurance Document are as below: -

i) Quality Plan,

i) Material mill test reports on components as specified by the specification
and approved Quality Plans.

iii) Manufacturer / works test reports/results for testing required as per
applicable codes and standard referred in the specification and approved
Quality Plans.
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iv) Non-destructive examination results /reports including radiography
interpretation reports. Sketches/drawings used for indicating the method of
traceability of the radiographs to the location on the equipment.

v) Heat Treatment Certificate/Record (Time- temperature Chart)

vi) All the accepted Non-conformance Reports (Major/Minor) / deviation,
including complete technical details / repair procedure).

vii) CHP / Inspection reports duly signed by the Inspector of the Employer and
Contractor for the agreed Customer Hold Points.

viii) Certificate of Conformance (COC) whoever applicable.

ix) MDCC

3.14.2 Similarly, the contractor shall be required to submit two hard copies and two sets on
CD ROM of Quality Assurance Documents (in line with above) pertaining to field
activities as per Approved Field Quality Plans and other agreed manuals/
procedures, prior to commissioning of individual system.

3.14.3 Before dispatch/ commissioning of any equipment, the Supplier shall make sure that
the corresponding quality document or in the case of protracted phased deliveries,
the applicable section of the quality document file is completed. The supplier will
then notify the Inspector regarding the readiness of the quality document (or
applicable section) for review.

i) If the result of the review carried out by the Inspector of the Quality
document (or applicable section) is satisfactory. The Inspector shall stamp
the quality document (or applicable section) for release.

ii) If the quality document is unsatisfactory, the Supplier shall endeavour to
correct the incompleteness, thus allowing finalizing the quality document (or
applicable section) by time compatible with the requirements as per
contract documents. When it is done, the quality document (or applicable
section) is stamped by the Inspector.

i) If a decision is made for dispatch, whereas all outstanding actions cannot
be readily cleared for the release of the quality document by that time, the
supplier shall immediately, upon shipment of the equipment, send a copy of
the quality document Review Status signed by the Supplier Representative
to the Inspector and notify of the committed date for the completion of all
outstanding actions & submission. The Inspector shall stamp the quality
document for applicable section when it is effectively completed. The
submission of QA documentation package shall not be later than 3 weeks
after the dispatch of equipment.

3.15 TRANSMISSION OF QUALITY DOCUMENTS

As a general rule, two hard copies of the quality document and Two CD ROMs shall
be issued to the Employer after the delivery date for the corresponding equipment.
One set of quality document shall be forwarded to Corporate Quality Assurance
Department and other set to respective Site.

For the particular case of phased deliveries, the complete quality document to the
Employer shall be issued not later than 3 weeks after the date of the last delivery
similarly as stated above.

3.16 INSPECTION, TESTING & INSPECTJION CERTIFICATE
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3.16.1 The word ‘Inspector’ shall mean the Project Manager and/or his authorised
representative and/or an outside inspection agency acting on behalf of the Employer
to inspect and examine the materials and workmanship of the works during its
manufacture or erection.

3.16.2 The Project Manager or his duly authorised representative and/or an outside
inspection agency acting on behalf of the Employer shall have access at all
reasonable times to inspect and examine the materials and workmanship of the
works during its manufacture or erection and if part of the works is being
manufactured or assembled on other premises or works, the Contractor shall obtain
for the Project Manager 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.

3.16.3 The Contractor shall give the Project Manager/Inspector fifteen (15) days written
notice of any material being ready for testing. Such tests shall be to the Contractor’s
account except for the expenses of the Inspector’s. The Project Manager/Inspector,
unless the witnessing of the tests is virtually waived, will attend such tests within
fifteen (15) days of the date on which the equipment is noticed as being ready for
test/inspection failing which the contractor may proceed with test which shall be
deemed to have been made in the inspector's presence and he shall forthwith
forward to the inspector duly certified copies of test reports in two (2) copies.

3.16.4 The Project Manager or Inspector shall within fifteen (15) days from the date of
inspection as defined herein give notice in writing to the Contractor, or any objection
to any drawings and all or any equipment and workmanship which is in his opinion
not in accordance with the contract. The Contractor shall give due consideration to
such objections and shall either make modifications that may be necessary to meet
the said objections or shall inform in writing to the Project Manager/Inspector giving
reasons therein, that no modifications are necessary to comply with the contract.

3.16.56 When the factory tests have been completed at the Contractor’'s or subcontractor’s
works, the Project Manager /Inspector shall issue a certificate to this effect fifteen
(15) days after completion of tests but if the tests are not witnessed by the Project
Manager /Inspectors, the certificate shall be issued within fifteen (15) days of the
receipt of the Contractor’s test certificate by the Project Manager /Inspector. Project
Manager /Inspector to issue such a certificate shall not prevent the Contractor from
proceeding with the works. The completion of these tests or the issue of the
certificates shall not bind the Employer to accept the equipment should it, on further
tests after erection be found not to comply with the contract.

3.16.6 In all cases where the contract provides for tests whether at the premises or works of
the Contractor or any sub-contractor, the Contractor, except where otherwise
specified shall provide free of charge such items as labour, material, electricity, fuel,
water, stores, apparatus and instruments as may be reasonably demanded by the
Project Manager /Inspector or his authorised representatives to carry out effectively
such tests on the equipment in accordance with the Contractor and shall give
facilities to the Project Manager/Inspector or to his authorised representative to
accomplish testing.
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3.16.7 The inspection by Project Manager / Inspector and issue of Inspection Certificate
thereon shall in no way limit the liabilities and responsibilities of the Contractor in
respect of the agreed Quality Assurance Programme forming a part of the contract.

3.16.8 To facilitate advance planning of inspection in addition to giving inspection notice,
the Contractor shall furnish quarterly inspection programme indicating schedule
dates of inspection at Customer Hold Point and final inspection stages. Updated
quarterly inspection plans will be made for each three consecutive months and shall
be furnished before beginning of each calendar month.

3.16.9 All inspection, measuring and test equipments used by contractor shall be calibrated
periodically depending on its use and criticality of the test/measurement to be done.
The Contractor shall maintain all the relevant records of periodic calibration and
instrument identification, and shall produce the same for inspection by NTPC.
Wherever asked specifically, the contractor shall re-calibrate the measuring/test
equipments in the presence of Project Manager / Inspector.

3.17 PACKAGING & TRANSPORTATION

Items shall be packed & dispatched separately to site i.e. to 400kV S/s at LARA
SUPER THERMAL POWER PROJECT STAGE-II.

3.17.1 Packing, Marking and shipping

All the equipments shall be suitably protected, coated, covered or boxed and crated to
prevent damage or deterioration during transit, handling and storage at Site till the time of
erection. While packing all the materials, the limitation from the point of view of the sizes of
raiway wagons available in India should be taken account of. The Bidder shall be
responsible for any loss or damage during transportation, handling and storage due to
improper packing. The Bidder shall ascertain the availability of Railway wagon sizes from the
Indian Railways or any other agency concerned in India well before effecting despatch of
equipment. Before despatch it shall be ensured that complete processing and manufacturing
of the components is carried out at shop, only restricted by transport limitation, in order to
ensure that site works like grinding, welding, cutting & preassembly to bare minimum. The
Employer's Inspector shall have right to insist for completion of works in shops before
despatch of materials for transportation.

Bidder shall ensure to affix RFID tags/Trackers on the item & punch the same before
dispatch with RFID reader/BLE beacon & enter details of item associating with RFID tag
no./Tracker no. For low value items QR code-based solution shall also be acceptable. Exact
selection of type of tagging based on type & size of equipment/consignment/package will be
decided during detail engineering.

Bidder to provide RFID tags/Trackers/QR code for all items being supplied to the Contractor
under the contract of this project.

a) Each item identifiable with KKS / PGMA-DU / other identification scheme of the
bidder/OEM/OES shall have a RFID/QR.

b) Even if the BOQ is identified in tonnage/ cumulative of multiple items, unique identification
shall be provided for each item as mentioned above (Eg — GIS Duct, Gis bay module, Panels
etc., however each sub item shall have i{fg own RFID/equivalent). c) For items which are
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interchangeable and dispatched together (eg Foundation bolts in a box / Identical beams in a
single consignment), the entire consignment can be tagged with a single RFID if the software
system has the capability to track partial

consumption (eg 100 bolts consumed from a package of 1000 bolts) from a consignment.

3.17.2 Insurance

a) The Contractor shall insure all shipments and works at his own expense for not less
than the full replacement cost plus any additional cost for accelerated manufacturing
of the replacement parts.

b) Loss or the damage to equipment during shipping or transportation to the site(s) or
otherwise shall not constitute groups for claims for extension in time or for extra
payment.

3.18 CLAMPS AND CONNECTORS INCLUDING TERMINAL CONNECTORS

3.18.1 The material of clamps and connectors shall be Aluminium alloy casting conforming
to designation A6 of 1S:617 for connecting to equipment terminals and conductors of
aluminium. In case the terminals are of copper, the same clamps/connectors shall be
used with 2mm thick bimetallic liner.

3.18.2 The material of clamps and connectors shall be Galvanised mild steel for
connecting to shield wire.

3.18.3 Bolts, nuts and plain washers shall be hot dip galvanised mild steel for sizes M12
and above. For sizes below M12, they shall be electro-galvanised mild steel. The
spring washers shall be electro-galvanised mild steel.

3.18.4 All castings shall be free from blow holes, surface blisters, cracks and cavities. All
sharp edges and corners shall be rounded off to meet specified corona and radio
interference requirements.

3.18.5 They shall have same current rating as that of the connected equipment. All current
carrying parts shall be at least 10 mm thick. The connectors shall be manufactured
to have minimum contact resistance.

3.18.6 Flexible connectors, braids or Ilaminated strips shall be made up of
copper/alumninium.

3.18.7 Current rating and size of terminal/conductor for which connector is suitable shall be
put on a suitable sticker on each component which should last at least till erection
time.

3.19 SPACERS
3.19.1 Spacers shall conform to IS: 10162. They shall be of non-magnetic material except
nuts and bolts, which shall be of hot dip galvanised mild steel.
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3.19.2 Spacers shall generally meet the requirements of clamps and connectors as
specified above. Its design shall take care of fixing and removing during installation
and maintenance.

3.19.3 In addition to the type tests as per IS: 10162, clamp slip test should have been
conducted. In this test the sample shall be installed on test span of twin/quad bundle
string at a tension of 44.2kN (4500 kg). One of the clamps when subjected to a
longitudinal pull of 2.5kN (250 kg) parallel to the axis of conductor shall not slip, i.e.
permanent displacement between conductor and clamp after test shall not exceed
1.0 mm. This test should have been performed on all other clamps of the sample.

3.20 BUSHINGS, HOLLOW COLUMN INSULATORS, SUPPORT INSULATORS, AND
DISC INSULATORS

3.20.1 Bushings shall be manufactured and tested in accordance with IS: 2099 & IEC: 137
while hollow column insulators shall be manufactured and tested in accordance with
IEC 233/IS 5284. The support insulators shall be manufactured and tested as per IS:
/ IEC 168/IEC 273. The insulators shall also conform to IEC 815 as applicable.
Support insulators/ bushings/ hollow column insulators shall be designed to have
ample insulation, mechanical strength and rigidity for the conditions under which they
will be used.

3.20.2 Porcelain used shall be homogenous, 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. Hollow porcelain should be in
one integral piece in green & fired stage.

3.20.3 Glazing of the porcelain shall be uniform brown in colour, free form blisters, burns
and other similar defects.

3.20.4 When operating at normal rated voltage there shall be no electric discharge between
conductor and insulators which would cause corrosion or injury to conductors or
when operating at normal rated voltage.

3.20.5 The design of the insulator shall be such that stresses due to expansion and
contraction in any part of the insulator shall be lead to deterioration. All ferrous parts
shall be hot dip galvanised.

3.20.6 Bushing porcelain shall be robust and capable of withstanding the internal pressures
likely to occur in service. The design and location of clamps, the shape and the
strength of the porcelain flange securing the bushing to the tank shall be such that
there is no risk of fracture. All portions of the assembled porcelain enclosures and
supports other than gaskets, which may in any way be exposed to the atmosphere
shall be composed of completely non hygroscopic material such as metal or glazed
porcelain.

3.20.7 All iron parts shall be hot dip galvanised and all joints shall be air tight. Surface of
joints shall be trued, porcelain parts by grinding and metal parts by machining.
Insulator/ bushing design shall be such as to ensure a uniform compressive pressure
on the joints.
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3.20.8 In accordance with the requirement stipulated elsewhere, bushing, hollow column
insulators and support insulators shall conform to type tests and shall be subjected
to routine tests and acceptance test/sample test in accordance with relevant
standards.

3.21 CONTROL CABINETS, JUNCTION BOXES, TERMINAL BOXES & MARSHALLING
BOXES FOR OUTDOOR EQUIPMENT.

3.21.1 All types of control cabinets, junction boxes, marshalling boxes, lighting panels,
terminal boxes, operating mechanism boxes, Kiosks etc. shall generally conform to
1S:5039, 1S:8623 and IEC:439 as applicable.

3.21.2 Mechanism Box/ Control Cabinet/ Kiosks: A sheet steel (at least 2.5 mm thick),
dust and vermin proof M.Box/CCC/CMB shall be provided with proper lighting and
thermostatically controlled space heaters. The degree of protection shall be IP 55.
One dummy terminal block in between each trip wire terminal shall be provided. At
least 20% spare terminals shall be provided on each panel. The gasket used shall be
of neoprene rubber.

Painting of boxes shall be as follows,

o External surface : Chemical resistant epoxy zinc phosphate primer, MIO
(Micaceious iron oxide) as intermediate paint followed by
polyurethane finish paint (RAL 5012 Blue)

e Internal surface : Chemical resistant epoxy zinc phosphate primer followed
by chemical & heat resistant epoxy enamel white paint.

3.21.3 Junction Boxes: The junction boxes shall be made of minimum 2 mm thick sheet
steel. Gland plates shall be removable type and made of 3 mm thick sheet steel. The
boxes shall be provided with detachable cover or hinged door with captive screws.
Top of the box shall be arranged to slope towards the rear of the box. The box shall
be hot dip galvanised and shall be provided with suitable neoprene gaskets to
achieve requisite degree of protection. Adequate spacing shall be provided to
terminate the external cables. The boxes shall be suitable for mounting on various
types of steel structures. The terminal blocks provided shall be of 650 V grade, rated
for 10 A for control cables. Suitable numbering for terminal blocks shall be done. In
case of junction box for power cable, the box shall be rated for maximum current
carrying capacity. Terminal blocks shall be of one piece, Klippon RSF-1 or ELMEX
CSLT-1 type with insulating barriers.

3.21.4 The cabinets/boxes/kiosks/panels shall be free standing or wall mounting or pedestal
mounting type. They shall have hinged doors with padlocking arrangement. All
doors, removable covers and plates shall be gasketed all around with neoprene
gaskets.

3.21.5 The degree of protection of of all the outdoor boxes shall not be less than IP 55 as
per IS 2147.

3.21.6 The cable entry shall be from bottom, for which removable gasketed cable gland
plates shall be provided.
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3.21.7 Suitable 240V, single phase, 50Hz ac heaters with thermostats controlled by switch
and fuse shall be provided to maintain inside temperature 10deg. above the ambient.

3.21.8 The size of enclosure and the layout of equipment inside shall provide generous
clearances. Each cabinet/box/kiosk/panel shall be provided with a 15A, 240V ac, 2
pole, 3 pin industrial grade receptacle with switch. For incoming supply, MCB of
suitable rating shall be provided. lllumination of each compartment shall be with door
operated incandescent lamp. All control switches shall be of rotary switch type.

3.21.9 Each cabinet/box/kiosk/panel shall be provided with two earthing pads to receive
75mmx12mm GS flat. The connection shall be bolted type with two bolts per pad.
The hinged door shall be connected to body using flexible wire. The
cabinets/boxes/kiosks/panels shall also be provided with danger plate, and internal
wiring diagram pasted on inside of the door. The front label shall be on a 3mm thick
plastic plate with white letters engraved on black background

3.22 TERMINAL BLOCKS
3.22.1 They shall be non-disconnecting stud type of extensible design equivalent to EImex
type CAT-M4.

3.22.2 The terminal blocks shall be of 850 V grade, and rated to continuously carry
maximum expected current. The conducting part shall be tinned or silver plated.

3.22.3 They shall be of moulded, non-inflammable thermosetting plastic. The material shall
not deteriorate with varied conditions of temperature and humidity. The terminal
blocks shall be fully enclosed with removable covers of transparent, non
deteriorating plastic material. Insulating barriers shall be provided between the
terminal blocks so that the barriers do not hinder the wiring operation without
removing the barriers.

3.22.4 The terminals shall be provided with marking tags for wiring identification.

3.22.5 Unless otherwise required (expected current rating) or specified, terminal blocks
shall be suitable for connecting the following conductors on each side:
All CT & VT circuits - Min. four 2.5 sq.mm. copper flexible conductor
AC & DC power supply -Two 16 sq.mm. Aluminium conductor
Other control circuits - Min. two 2.5 sq.mm. copper flexible conductor.

3.22.6 The terminal blocks for CT and VT secondary leads shall be provided with test links
and isolating facilities. CT secondary leads shall also be provided with short
circuiting and earthing facilities.

3.23 Wiring

3.23.1 All wiring shall be carried out with 1100 V grade stranded copper wires. The
minimum size of the stranded conductor used for internal wiring shall be as follows:
a) All circuits except CT circuits 2.5 sq.mm
b) CT circuits 4 sq. mm (minimum number of strands shall be 3 per conductor).

3.23.2 All internal wiring shall be securely supported, neatly arranged readily accessible
and connected to equipment terminals and terminal blocks.
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3.23.3 Wire terminations shall be made with solderless crimping type of tinned copper lugs
which firmly grip the conductor and insulation. Insulated sleeves shall be provided at
all the wire terminations. Engraved core identification plastic ferrules marked to
correspond with the wiring diagram shall be fitted at both ends of each wire. Ferrules
shall fit tightly on the wires shall not fall off when the wires and shall not fall off when
the wire is disconnected from terminal blocks.

3.23.4 All wires directly connected to trip circuit breaker shall be distinguished by the
addition of a red coloured unlettered ferrule. Number 6 & 9 shall not be included for
ferrules purposes.

3.23.5 All terminals including spare terminals of auxiliary equipment shall be wired upto
terminal blocks. Each equipment shall have its own central control cabinet in which
all contacts including spare contacts from all poles shall be wired out. Interpole
cabling for all equipment’s shall be carried out by the Contractor.

3.24 CABLE GLANDS AND LUGS

3.24.1 Cable glands shall be Double compression type, tinned/Nicked plated (coating
thickness not less than 20 microns in case of tin and 10 to 15 microns in case of
nickel) brass cable glands for all power and control cables. They shall provide dust
and weather proof terminations. They shall comprise of heavy duty brass casting,
machine finished and tinned to avoid corrosion and oxidation. Rubber components
used in cable glands shall be neoprene and off tested quality. Required number of
packing glands to close unused openings in gland plates shall also be provided.

3.24.2 The cable glands shall be tested as per BS:6121. The cable glands shall also be
duly tested for dust proof and weather proof termination.

3.24.3 Cables lugs for power cables shall be tinned copper solder less crimping type
conforming to 1S:8309 and 8394 suitable for aluminum or copper conductor (as
applicable). Cable lugs and ferrules for control cables shall be tinned copper type.
The cable lugs for control cables shall be provided with insulating sleeve and shall
suit the type of terminals provided on the equipments. The cable lugs shall suit the
type of terminals provided. The cable lugs shall be of Dowell make or equivalent.

3.25 CONDUITS, PIPES AND ACCESSORIES

3.25.1 The bidder 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 reduces, enlargers, wooden plugs, coupling caps,
nipples, gland sealing fittings, pull boxes, etc.

3.25.2 Rigid conduits shall be flow-coat metal conduits of Nagarjuna Coated Tubes or
equivalent make. The outer surface of the conduits shall be coated with hot-dip zinc
and chromate conversion coatings. The inner surface shall have silicone epoxy ester
coating for easy cable pulling. Mild steel pipes shall be hot-dip galvanised. All rigid
conduits/ pipes shall be of a reputed make.

3.25.3 Flexible conduits shall be heat-resistant lead coated steel, water-leak, fire and rust
proof, and be of PLICA make or egyivalent.
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Section-3: Project Details and General Specification

3.26 MOTORS

3.26.1 The voltage level for motors shall be as follows:

a) Up to 0.2 KW: Single phase 240V AC / 3 phase 415V AC

b) Above 0.2 KW and up to 200 KW: 3 phase, 415V AC

c) Above 200 KW and up to 1500 KW: 3 phase, 3.3 kV AC

d) Above 1500 KW: 11 kV Motors shall be “Squirrel Cage” three

phase induction motors of sufficient size
capable of satisfactory operation for the
application and duty as required for the driven
equipment and shall conform to type tests
and shall be subjected to routine tests as per
applicable standards.

The bidder may adopt 415V/3.3 KV for the drives rated in the range of 160-210 KW.
The voltage rating of the drives indicated above is for basic guideline.

3.26.2 All motors shall conform to IEC-60034-5 / IS Standard and with principal dimensions
in accordance with IEC 60072-1 (1991), IEC 60072-2 (1990) and IEC 60072-3
(1994).

3.26.3 All equipment shall be suitable for rated frequency of 50 Hz with a variation of +3% &
-5%, and 10% combined variation of voltage and frequency unless specifically
brought out in the specification.

3.26.4 Paint shade shall be as per RAL 5012 (Blue) for indoor and outdoor equipment.

3.26.5 Degree of Protection

Degree of protection for various enclosures as per IEC60034-05 shall be as follows:

Indoor motors - IP 55
Outdoor motors - IP 55 (additional canopy to be provided)
Cable box-indoor area - IP 55
Cable Box-Outdoor area - IP 55
3.26.6 Type:
AC Motors:

a) Squirrel cage induction motor suitable for direct-on-line starting.

b) Continuous duty LT motors upto 200 KW Output rating (at 50 deg.C ambient
temperature), shall be Premium Efficiency class-IE3, conforming to IS 12615, or
IEC:60034-30.

¢) Crane duty motors shall be squirrel cage Induction motor as per the requirement.

d) Motor operating through variable frequency drives shall be suitable for inverter duty.
Also these motors shall comply the requirements stipulated in IEC: 60034- 18-41 and
IEC: 60034-18-42 as applicable.

45
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DC Motors Shunt wound
3.27 AUXILIARY SWITCH

The auxiliary switch shall conform of following type tests:

a) Electrical endurance test - A minimum of 1000 operations for 2A. D.C. with a time
constant greater than or equal to 20 milliseconds with a subsequent examination of
mV drop/ visual defects/ temperature rise test.

b) Mechanical endurance test - A minimum of 5000 operations with a subsequent
checking of contact pressure test/ visual examination

c) Heat run test on contacts

d) IR/HV test, etc.

3.28 LAMPS AND SOCKETS

3.28.1 Lamps:
All incandescent lamps shall use a socket base as per 1S-1258, except in the case of
signal lamps.

3.28.2 Sockets
All sockets (convenience outlets) shall be suitable to accept both 56 Amp & 15 Amp pin
round Standard Indian plugs. They shall be switched sockets with shutters.

3.28.3 Hand Lamp:

A 240 Volts, single Phase, 50 Hz AC plug point shall be provided in the interior of
each cubicle with ON-OFF Switch for connection of hand lamps.

3.29 SWITCHES & FUSES:
Each control panel shall be provided with necessary arrangements for receiving,
distributing, isolating and fusing of DC and AC supplies for various control, signaling,
lighting and space heater circuits. The incoming and sub-circuits shall be separately
provided with switch-fuse units. Selection of the main and sub-circuit fuse ratings shall
be such as to ensure selective clearance of sub-circuit faults. Potential circuits for
relaying and metering shall be protected by HRC fuses.

All fuses shall be of HRC cartridge type conforming to IS 9228 mounted on plug-in type
fuse bases. Miniature circuit breakers with thermal Protection and alarm contacts will
also be accepted. All accessible live connection to fuse bases shall be adequately
shrouded. Fuses shall have operation indicators for indicating blown fuse condition.
Fuse carrier base shall have imprints of the fuse rating and voltage.

All control switches shall be of rotary type. Toggle/piano switches shall not be
accepted.

3.30 TYPE, ROUTINE & ACCEPTANCE TESTS:

All equipments to be supplied shall be of type tested design. During contract stage,
bidder shall submit for Owner’s approval the reports of all the type tests listed in this
specification and carried out within last ten years from the date of techno-commercial

bid opening 03.03.2023. These reports should be for the test conducted on the
46
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equipment similar to those proposed to be supplied under this contract and the tests
should have been either conducted at an independent laboratory or should have be
witnessed by a client.

However, if contractor is not able to submit report of the type tests conducted within
ten years from the date 03.03.2013 or in the case of type test reports are not found to
be meeting the specification requirements, the bidder shall conduct all such tests
under this contract at no additional cost to the owner either at third party lab or in
presence of client/ owners representative and submit the reports for approval.

All acceptance and routine tests as per the specification and relevant standards shall
be carried out. Charges for these shall be deemed to be included in the equipment
price.

3.31 CORONA AND RIV TESTS AND SEISMIC WITHSTAND TEST:
a) The corona (for 400kV only) and RIV tests shall confirm to the requirements as
per Annexure A.
b) The seismic withstand test for 400kV shall conform to requirements as per
Annexure B.

3.32 Enclosures:

ANNEXURE- A - CORONA AND RADIO INTERFERENCE VOLTAGE (RIV) TEST
ANNEXURE- B - SEISMIC WITHSTAND TEST

ANNEXURE- | - MQP (NTPC format)

ANNEXURE- Il - QUALITY ASSURANCE FOR SWITCHYARD

PN~
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Annexure — A
CORONA AND RIV TESTS AND SEISMIC WITHSTAND TEST (for 400kV AIS only):

The corona and RIV tests shall confirm to the requirements as per Annexure- A to this
chapter. The seismic withstand test shall conform to requirements as per Annexure -B to
this section.

CORONA AND RADIO INTERFERENCE VOLTAGE (RIV) TEST (For 400 kV AIS only)
1.0 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 measurement of radio
interference voltage (RIV).

2.0 Test Methods for RIV:

2.1 RIV tests shall be made according to measuring circuit as per International Special —
committee on Radio Interference (CISPR) Publication 16 -1 (1993) Part — |. 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
result 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
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.

2.2 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%, 115% and 130% for the specified RIV test voltage for all
equipment unless otherwise specified. The specified RIV test voltage for 420 KV is listed in
the detailed specification together with maximum permissible RIV level in microvolts.

3.0 Test Methods for visible Corona:

The purpose of this test is to determine the corona extinction voltage of the 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 130 % of
RIV test voltage and maintained there for five minutes. In case corona inception does not
take place at 130 %, the voltage level shall be raised till inception of corona or rated voltage
whichever is lower. The voltage will then be decreased slowly until all visible corona
disappears. The test procedure shall be repeated at least 4 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
the visible corona (negative or positive polarity) disappears.

48
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Annexure — B
SEISMIC WITHSTAND TEST (for 400 kV AIS only)

a.) The seismic withstand test on the complete equipment (except BPI) shall be carried
out along with supporting structure.

b.) The supplier shall arrange to transport the structure from his purchaser's premises /
owner’s sites for purpose of seismic withstand test only.

c.) The seismic level specified shall be applied at the base of the structure. The
accelerometers shall be provided at the terminal pad of the equipment and at any
other point as agreed by the owner. The seismic test shall be carried out in all possible
combinations of the equipment. The seismic test procedure shall be furnished for
approval of the purchaser.
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Project: 400kV AIS at Lara Thermal Power Project Bharat Heavy Electricals Limited
Project Stage — IT1 (2 X 800 MW) Document No. TB-423-510-017
Customer: NTPC Ltd.

Technical Specification: LT Control Cable

SECTION-5

CHECK LIST FOR INFORMATION TO BE FURNISHED WITH OFFER RETURN THIS
CHECKLIST AS PART OF THE OFFER DULY SIGNED

The offer may not be considered if the following information and this Checklist are not enclosed with the Offer.

BHEL ENQUIRY. NO:
BIDDER OFFER REFERENCE:
A)
1) 2) 3) “4) )
S.No. | Parameters Data Yes/No | Remarks in
case reply in
Col (4) is NO
1.0 Applicable Standard | Latest IS -1554, 5831, 8130,
7098, 3975, 613, ASTM-
D2843, ASTM-D2863,
IEC60754, IEC60332,
1S3961, IS 10418,
S84241475, NEMA WC-70,
IEEE-383; Forsecreened
erblesstrpdordsrentioned
2.0 Type FRLS
3.0 Construction feature
for PVC Control and
Aux Power cable
3.1a | Material of Conductor | Plain Annealed, High
for Control cables Conductivity, Stranded,
untinned Copper, Grade EC
ferSoroensd-Cable bare-copperElectrslyte
{non)
3.2 Material of Conductor | Stranded Aluminium, Grade NA
for Power cables H2 /H4
33 Conductor Insulation Refer BOQ in Section-1
for Control and Power
cables
for.S c ; (nsulation Thick
elass-aspertrelesrnmt
stamards)
SECTION-5, CHECKLIST, Page 1 of 4
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Project: 400kV AIS at Lara Thermal Power Project Bharat Heavy Electricals Limited
Project Stage — III (2 X 800 MW) Document No. TB-423-510-017
Customer; NTPC Ltd.
Technical Specification: LT Control Cable
1) 2 3 “) (3
S.No. | Parameters Data Yes /No | Remarks in
case reply in
Col (4) is NO
b—Cverall-cable-asserbly
Thiclness-Gnin)
Cable FStrend20-ANG
{05 sgmmrn-annesled
Fincoated-copper
3.5 Inner sheath Extruded PVC, Type ST-1
3.6a | Ammouring for Control | Galvanised Steel Round wire
Cables /formed wire for multicore
cables
Screened-Contrel
Cable
3.7 Ammouring for Aux Aluminium round wire for NA
Power Cables Single core
And
Galvanised Steel round
wire/formed wire for Multi-
core cables
3.8a | Outer sheath PVC extruded, FRLS, Type
ST-1, Category C2
3-8k | Owtershesth-for P C-eetruded KRS
Seacnes Cambal Cermpenad Ol
Cable
4.0 Construction feature NA
for XLPE Aux Power
cable
4.1 Material of Conductor | Stranded Aluminium, Grade
for Power cables H2 A4
4.2 Conductor Insulation XLPE
4.3 Inner sheath Extruded PVC, Type-ST2
SECTION-5, CHECKLIST, Page 2 of 4
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Recelpt ND. 1751063720267 THG- TH_ENG_SK_(COMPUIRr 0. 17510637

Project: 400kV AIS at Lara Thermal Power Project Bharat Heavy Electricals Limited
Project Stage — III (2 X 800 MW) Document No. TB-423-510-017
Customer; NTPC Ltd.
Technical Specification: LT Control Cable
1) ) 3 “@ (3)
S.No. | Parameters Data Yes /No | Remarks in
case reply in
Col (4) is NO
4.4 Armouring for Aux Aluminium round wire for
Power Cables Single core
And
Galvanised Steel round
wire/formed wire for Multi-
core cables
4.5 Outer sheath PVC extruded, FRLS, Type
ST-2, Category C2
5.0 FRLS properties of
Quter sheath
5.1 Minimum Oxygen 29
index
52 Minimum Temperature | 250°C
index
5.3 Acid gas emission Max 20% by weight
5.4 Smoke density rating [ Max 60%
6.0 Tolerance on overall |+ 2mm
diameter
7.0 Chemicals added to Yes
outer sheath to
protect from rodent,
vermin and termite
attack
8.0 Drum lengths shall be | Yes
1000m for
cables with conductor
Cross
section area less than
300 sq mm
9.0 Drum Construction Steel drums of heavy
construction
10.0 | Tolerance on total +2%
quantity
11.0 | Minimum bending 12xD
radius for multicore
cables
SECTION-5, CHECKLIST, Page 3 of 4
54

Generated from eOffice by Piyush Kumar Mishra, SM(PKM)-TBG-MM-TBG, SM, BHARAT HEAVY ELECTRICAL LTD on 15/01/2026 03:33 pm




Project: 400kV AIS at Lara Thermal Power Project
Project Stage — III (2 X 800 MW)

Customer: NTPC Ltd.

Technical Specification: LT Control Cable

Bharat Heavy Electricals Limited
Document No. TB-423-510-017

1) ) 3 “@ (3)
S.No. | Parameters Data Yes /No | Remarks in
case reply in
Col (4) is NO
12.0 | Core Identification By colour coding as per IS
1554 (Part-I)/ IS 7098 Part-I
for the cables upto five (5)
cores; and for the cables with
more than five (5) cores, by
printing legible Hindu Arabic
numerals on all cores as per
Clause 10.3 of IS 1554
(Part-1).
13.0 The fillers and inner Yes
sheaths shall be of non-
hygroscopic, fire
retardant material, shall
be softer than insulation
and outer sheath shall be
suitable for the operating
temperature of the cable
B) TYPE TESTS

i) Whether valid type test reports of all the tests as per relevant IS including additional tests mentioned in
this specification, conducted earlier on identical material are available (test reports shall be of the tests
conducted not before last ten (10) years prior to 03-03-2023

(YES/NO)

ii) If valid type test reports are not available with bidder / test reports are not acceptable to
BHEL/NTPC, then above tests shall be conducted by the bidder free of cost either at third
party lab or in presence of BHEL/NTPC representative and submit the reports for approval.

(YES)

Recelpt ND. 1751063720267 THG- TH_ENG_SK_(COMPUIRr 0. 17510637

Company Seal

656

(9]
Q) 1@ 3)
S.No. | Description Confirmation of
Supplier
1. Bidder to confirm that at all drawings / data
sheets/QP/ valid type tests reports/ all relevant
information shall be submitted to BHEL for
organising approval of ultimate customer.
Date: Signature of the authorized representative of Bidder

SECTION-5, CHECKLIST, Page 4 of 4
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Project: 400kV AIS at Lara Thermal Power Bharat Heavy Electricals Limited

Project Stage — 11 (2 X 800 MW) Document No. TB-423-510-017
Customer: NTPC Ltd.

Technical Specification: LT Control Cables
ANNEXURE-A: Compliance Certificate of Technical Specification

The bidder shall confirm compliance to the following by signing and stamping this compliance
certificate and furnishing same with the offer.

1. The scope of supply, technical details, construction features, design parameters etc.
shall be as per technical specification & there are no exclusion/ deviation with regard
to same.

2. There are no deviation(s) with respect to specification other than those furnished in
the schedule of deviations.

3. Only those technical submittals which are specifically asked for in Notice Inviting
Tender (NIT) to be submitted at tender stage shall be considered as part of offer. Any
other submission, even if made, shall not be considered as part of technical offer.

4. Any comments/ clarifications on technical/ inspection requirements furnished as part
of bidder’s covering letter shall not be considered by BHEL, and bidder’s offer shall be
construed to be in conformance with the specification.

5. Any changes made by the bidder in the price schedule with respect to the description/

quantities from those given in ‘BOQ’ of the specification shall not be considered (i.e.,
technical description & quantities as per the specification shall prevail).

Date: Bidder’s Stamp & Signature

ANNEXURE-B: Deviation/ Change Request of Technical Specification

56
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Project: 400kV AIS at Lara Thermal Power Bharat Heavy Electricals Limited

Project Stage — 11 (2 X 800 MW) Document No. TB-423-510-017
Customer: NTPC Litd.

Technical Specification: LT Control Cables

Bidder shall list out all technical potential deviation/ change request (s) along with clause
with respect to technical specifications.

SI. No. Page No. Clause No. Deviation Reason/ Justification(s)

Any deviation not specifically brought out in this section shall not be admissible for any
commercial implication at later stage. Except to the technical deviations listed in this
schedule, bidder’s offer shall be considered in full compliance to the tender specifications
irrespective of any such deviation indicated / taken elsewhere in the submitted offer.

Date: Bidder’s Stamp & Signature
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1739434/2026/TBG-TBG_ENGG

TECHNICAL PRE QUALIFICATION REQUIREMENT

Name of Project : 400/220 kV Switchyard Package at North Karanpura STPP (3 X 660 MW) - ICT-2
Package

Name of Customer : NTPC
Name of Iltem : 4C x 10 sqmm PVC/Copper, Armoured Control Cable

TECHNICAL PRE-QUALIFYING REQUIREMENTS FOR LT CONTROL CABLE

1.0 For LT Control Cables:

Bidder should have manufactured and supplied prior to the date of Techno-Commercial bid
Opening:

a. At least 300 km of PVC insulated, PVC sheathed stranded copper conductor 1.1 kV grade

cables in one single contract
b. Atleast one (1) km of Flame-retardant low smoke cables.

SUPPORTING DOCUMENTS TO BE ATTACHED (As applicable as per PQ requirement)

Sr Required Criteria Supporting Documents to be submitted by bidder along with
technical bid

1 Manufacturing Approved Drawings / GTP / Approved Quality Plan / Factory
Inspection Test Report etc

2 Supply PO & Dispatch clearance / LR / Material Receipt certificate at
site / installation or commissioning certificate etc.

3 Type Test TTR approval from customer / Type Test Report etc.

Notes (General points):
1. Consideration of offer shall be subject to customer’s approval of bidder’s, if applicable.

2. Bidder to submit all supporting documents in English. If documents submitted by bidder are in
language other than English, a self- attested English translated document should also be submitted.

3. Notwithstanding anything stated above, BHEL reserves the right to assess the capabilities and capacity
of the bidder to perform the contract, should the circumstances warrant such assessment in the overall
interest of BHEL.

4. After satisfactory fulfilment of all the above criteria / requirement, offer shall be considered for
further evaluation as per NIT and all the other terms of the tender.

pW W

Prepared By: Checked By: Approved By:

Prakash Kr. Ranjan Vivek Kapil 4/9004\&, Vivek Kapil 4 /XW\“’V

(Sr. Manager) (AGM) (AGM) ——
A
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Project: 400/220 kV Switchyard Package at North Bharat Heavy Electricals Limited
Karanpura STPP (3 X 660 MW) — ICT-2 Package Document No. TB-369-510-011A
Customer: NTPC Ltd.

Technical Specification: 1.1 kV Control Cables

SECTION 1
SCOPE, SPECIFIC TECHNICAL REQUIREMENTS AND QUANTITIES

1.0 SCOPE

This Specification covers the requirements of design, manufacture, testing at manufacturer’s Works,
packing, supply, delivery at site of 1.1 kV Control Cables as listed under this specification. This section
covers the specific technical requirements of 1.1 kV Control Cables. This constitutes minimum technical
parameters for the above item as specified by the customer (NTPC). The offered equipment shall also
comply with the General Specification for the project as detailed under section-3 of this specification.

In case of any conflict between the technical details mentioned in this section and the remaining
sections of this document, then Section-1 shall prevail and is to be considered as binding requirement.

The specification comprise of following sections:

Section-1: Scope, Specific Technical Requirements and Quantities.
Section-2: Equipment Specification.

Section-3: Project Details and General Technical Requirements.
Section-4: Guaranteed Technical Particulars.

Section-5: Checklist.

Note: The term ‘Owner’ appearing in this specification shall refer to NTPC, the term
‘Purchaser’ shall refer to BHEL and the term *‘Contractor’ shall refer to the successful Bidder.

1.1 THE EQUIPMENT IS REQUIRED FOR THE FOLLOWING PROJECT

Name of customer: NTPC Ltd.
Name of of the project: 400/220 kV Switchyard Package at North Karanpura Super Thermal
Power Project (3 X 660 MW)

Refer Section - 3 for Project Details and General Specifications.

1.2 SPECIFIC TECHNICAL REQUIREMENTS

1.2.1  Asper Annexure-1A (NTPC specification, 07 pages)

1.2.2 (a) Strip armouring method (a) mentioned in Table 5, Page-6 of IS: 1554 (Part 1) - 1988
shall not be accepted for any of the cables.

(b) Strip armouring method (a) mentioned in Table 6, Page-6 of IS: 7098 (Part 1) - 1988
shall not be accepted for any of the cables.

Page 1 of 3
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Project: 400/220 kV Switchyard Package at North Bharat Heavy Electricals Limited
Karanpura STPP (3 X 660 MW) — ICT-2 Package Document No. TB-369-510-011A
Customer: NTPC Ltd.

Technical Specification: 1.1 kV Control Cables

1.3 QUANTITIES
SI. No. Type of Control Cables Quantity
(kM)
1.0 4C x 10 sgmm PVC/Copper, Armoured 3.0
Note:-

1) The cable type, size and length requirement shall be as per table above. Quantity variation on
the total ordered quantity shall be +/- 50% at contract stage.

2) The standard drum length for control cables shall not be less than 1000 metres & for power
cables it shall not be less than 500m. The length per drum shall be subjected to a maximum
tolerance of +/- 5% of the standard drum length. Some of the cable type might not be ordered at
all at contract stage.

3) The Employer shall have the option of rejecting cable drums with shorter lengths. For each size,
the variance of total quantity, adding all the supplied drum lengths, from the ordered quantity, shall
not exceed +/- 2%.

1.4 TESTS

Cables shall conform to type tests including additional type tests as per technical specification and shall be
subject to routine & acceptance tests in accordance with requirements stipulated under respective sections.

The reports for all type tests and additional type tests as per technical specification shall be furnished by
the bidder along with equipment / material drawings.

The bidder will conduct the routine tests on each drum length. All the type and acceptance tests shall be
conducted as per specification and relevant standards/ approved MQP. These tests will be witnessed by
owner/purchaser/purchaser’s representatives.

The prices for conducting all tests are deemed to be included in respective cable prices.

15 QUALITY PLAN

The manufacturer shall carry out contract works in accordance with sound quality management principles
which shall include items such as controls which are necessary to ensure full compliance to all
requirements of the specification & applicable international standards. These quality management
requirements shall apply to all activities during design, procurement, manufacturing, inspection, testing,
packaging, shipping, inland transportation, storage, site erection & commissioning. Manufacturer shall
submit detailed Quality Plan for BHEL / customer’s approval.

1.6 TECHNICAL PRE-QUALIFYING REQUIREMENTS

1.6.1 For LT Control Cables:
Bidder should have manufactured and supplied prior to the date of Techno-Commercial bid
Opening:
a. At least 300 km of PVC insulated, PVC sheathed stranded copper conductor 1.1 kV grade cables
in one single contract
b. At least one (1) km of Flame-retardant low smoke cables.

Page 2 of 3
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Project: 400/220 kV Switchyard Package at North Bharat Heavy Electricals Limited
Karanpura STPP (3 X 660 MW) — ICT-2 Package Document No. TB-369-510-011A
Customer: NTPC Ltd.

Technical Specification: 1.1 kV Control Cables

1.7 DOCUMENTS REQUIRED WITH OFFER

a) “No Technical Deviation” Certificate
b) Un-priced schedule
c) Filled up Checklist

1.8 DRAWINGS / DOCUMENTS REQUIRED FOR ENGINEERING MANUFACTURING
CLEARANCE

The minimum drawings/ documents, as follows shall be required for providing engineering
manufacturing clearance of the equipment (LT Cables) and furthermore, it shall be used for delay
analysis, if any, on account of the bidder. The schedule for submission and resubmission shall be
in line with details provided in section-3.

1 | LT Cable Datasheet & Cross-sectional Drawings
2 | Quality Assurance Plan & Inspection Test Schedule

1.9 PACKING AND DISPATCH

The equipment shall be properly packed for selected mode of transportation i.e. sea, rail and road
in such a manner that it is protected against the climatic conditions and for any damage during
transportation, transit and storage. The equipment shall be wrapped in polyethylene sheets before
being placed in wooden crates/cases/drums to prevent damage to the finish. Crates/cases/drums
shall have skid bottoms for handling. Special notations such as 'Fragile', "This side up', "Weight’,
‘Owner’s particulars\ ‘PO nos.' etc., shall be clearly marked on the package together with other
details as per purchase order.

The equipment may be stored outdoors for long periods before installation. The
packing should also be suitable for outdoor storage areas with heavy rains/ high ambient
temperature unless otherwise agreed and hence, packing shall be suitable for long duration storage
(minimum 1 year).

Page 30f 3
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Project: 400/220 kV Switchyard Package at Bharat Heavy Electricals Limited North Karanpura super Thermal
Power Project (3 X 660 MW)

Document No. : TB-369-510-011A

Customer : NTPC Ltd.

Technical Specification: 1.1 kV Control Cables

SECTION-2
2.0 SCOPE

This technical specification covers the requirement of design, manufacture, testing, packing and dispatch of 1.1 kV
grade control cables (FRLS type). No deviation from the requirements specified in various clauses of this
specification shall be allowed.

2.1 APPLICABLE STANDARDS

The auxiliary power and control cables shall conform to following latest Indian and Intonational standards and their

amendments.

IS 1554 PVCinsulated (heavy duty) electric cables

(Part1) (Part 1) For working voltage up to and including 1100V

IS 7098 XLPE insulated PVC sheathed cables -

(Part ) For working voltage up to and including 1100V

IS 5831 PVC insulation and sheath of electric cables.

IS 8130 Conductors for insulated electric cables and flexible cords.

IS 3975 Low Carbon Galvanized Steel Wires, Formed Wires and Tapes
for Armouring of Cables - Specification

IS 10810 Method of tests for cables.

IEEE-383 Standard for type test of class IE electric cables, field splices, and connections for nuclear
power generating stations.

ASTM-D2843 Standard test method for density of smoke from burning or decomposition of plastics.

ASTM-D2863 Standard test method for measuring minimum oxygen concentration to support candle -
like combustion of plastics (oxygen index).

IEC: 60754 Test on gases evolved during combustion of electric cables

(Part-1 & 2)

IEC: 60332 Tests on electric and optical fibre cables under fire conditions

(Part | to 3)

IS 3961 Recommended current rating for cables -

Part-II PVCinsulated and PVC sheathed heavy-duty cables.

IS 10418 Drums for electric cables.

SS 4241475 Swedish chimney test

2.2 CONSTRUCTIONAL FEATURES

i) Cables shall be suitable for laying in racks, ducts, trenches, conduits and underground-buried installation with
uncontrolled back fill and chances of flooding by water. They shall be designed to withstand all mechanical,
electrical and thermal stresses under steady state and transient operating conditions.

ii)  The Aluminium/Copper wires used for manufacturing the cables shall be true circular in shape before stranding
and shall be uniformly good quality, free from defects.

iii) A distinct extruded inner sheath shall be provided in all armoured cable. The fillers and inner sheath shall be of
non-hygroscopic, fire retardant material, softer than insulation & suitable for the operating temperature of the
cable & compatible with the insulating material. The outer sheath shall be suitable for the operating temp. of the
cable. For single core cable, inner sheath may not be provided.
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Project: 400/220 kV Switchyard Package at Bharat Heavy Electricals Limited North Karanpura super Thermal

Power Project (3 X 660 MW)

Document No. : TB-369-510-011A
Customer - NTPC Ltd.
Technical Specification: 1.1 kV Control Cables

iv)

v)

vi)
vii)
viii)

Xi)

xii)

xiii)

Xiv)

2.3
231

2.3.2

2.3.3

2.34
234.1

2.3.4.2

Progressive sequential marking of the length of cable in meters at every one-meter shall be provided on the outer
sheath of all cables.

All power & control cables shall have an extruded outer sheath of PVC having following flame retardant & low
smoke evolution properties.

Oxygen index - Minimum 29 (to ASTMD 2863).

Acid gas emission - Maximum 20% by weight (to IEC 754 — ).

Smoke density rating — Maximum 60% (to ASTMD 2843).

All cables shall be suitable for high ambient high humid tropical Indian climatic conditions.

The normal current rating of all PVC insulated cables shall be as per IS 3961

All cables shall conform to type test and shall be subjected to routine and acceptance tests listed in the
specification.

Allowable tolerance on the overall diameter of the cables shall be + 2mm.

The minimum bending radius for the cables shall be equal to 12*D, where D is the overall diameter of the cable for
multicore cables and 15*D for single core cable.

Suitable chemicals shall be added to the outer sheath of all cables to protect from rodent, vermin and termite
attack.

Repaired cables shall not be acceptable.

Cores shall be identified as per IS 1554 (Part-1)/ IS 7098 Part-I for the cables upto five (5) cores and for cables with
more than five (5) cores the identification of cores shall be done by printing legible Hindu Arabic numerals on all
cores as per Clause 10.3 of IS 1 554 (Part-I).

Manufacturer's name, type of cable, number of cores, year of manufacture and sequential marking of length in

metres at every one metre shall be permanently marked on the outer sheath throughout the entire length of cable.

CURRENT RATING FOR 1.1KV CONTROL CABLES

Normal current rating shall not be less than that covered by IS 3961. Vendor shall submit data in respect of all
cables in the prescribed format.
PVC insulated cables shall be suitable for continuous conductor temperature of 70 ° ¢ and short circuit withstand
temperature of 160 °c. Tables giving de-rating factors for various conditions of cable installation including the
following, for all types of cables shall be famished - Variation in ambient air temperature. - Variation in ground
temperature.

- Depth of laying.

- Cables laid in the ground

- Cables laid in trench - Cables laid in ducts - Soil resistivity.

- Grouping of cables.
Overall derating factor for cable shall be 0.8 or less.
The value of short circuit withstand current ratings of all cables shall be indicated for a short circuit for 1 second
duration and should also specify the maximum temperature during short circuit.

The following factors shall also be accounted for, while specifying the maximum short circuit withstand of the
cables.

Deformation of the insulation, due to thermo-mechanical forces produced by the short circuit conditions, can
reduce the effective thickness of insulation.

Conductor and core screens can be adversely affected with loss of screening effect. Likewise, the thermal
properties of the outer sheath material can be the limitation.
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Project: 400/220 kV Switchyard Package at Bharat Heavy Electricals Limited North Karanpura super Thermal

Power Project (3 X 660 MW)

Document No. : TB-369-510-011A
Customer - NTPC Ltd.
Technical Specification: 1.1 kV Control Cables

2.34

2.35

2.4

241

24.2

2.4.3
244
2.4.5

2.4.6

2.5

251

.3 It is essential that the accessories, which are used in the cable system with mechanical and/or soldered
connections, are suitable for the temperature adopted for the cables.

Formula for calculating short circuit current for different duration or curve showing short time current VIS time for
different sizes of cables shall be furnished by vendor.

CABLE DRUMS

Cables shall be supplied in non-returnable wooden cable drum or steel drum of heavy construction. It shall be
made of good quality wood, pressure impregnated against fungal and insect attack. Wood preservative shall be
applied to the entire drum. The ends of each length of cable shall be sealed before dispatch.

All Control and Power Cables shall be supplied in drum length of 1000 m, unless otherwise specified. For power
cable with conductor cross sectional area 300sqgmm and above may be supplied in 500m drums. Each drum shall
contain one continuous length of cable. Owner shall have the option of rejecting cable drums with shorter lengths.
The cable length per drum is allowed a tolerance of the tolerance allowed on total guantity of each size is Where
the ordered quantity is not multiple of 1000/500 m and the incremental quantity is very small, the same may be
included in one of the drums. Otherwise, an additional length for the incremental quantity will be supplied.

A layer of water proof paper shall be applied to the surface of the drums and over the outer most cable layer.

A clear space of at least 40mm shall be left between the cables and the logging.

Each drum shall carry manufacturer’'s name, purchaser's name, address and contract number, item number and
type, size and length of the cable, net and gross weight stencilled on both sides of drum. A tag containing the same
information shall be attached to the leading end of the cable. An arrow and suitable accompanying wordings shall
be marked on one end of the reel indicating the direction in which it should be rolled.

Packing shall be sturdy and adequate to protect the cables, from any injury due to mishandling or other conditions
encountered during transportation, handling and storage. Both cable ends shall be sealed with PVC/Rubber caps
S0 as to eliminate ingress of water during transportation and erection.

TESTS
All types and sizes of cables Shall be subjected to following routine and acceptance tests and type tests.

Type and Acceptance test

The following test shall be performed on one length from each manufacturing series of same type and size of cable,
covering at least 10% of all cable drums / test reports shall be submitted as per Section-5. The type and acceptance
tests shall be witnessed by purchaser / purchaser's representatives.

a) Annealing test (for Copper conductor), Tensile & Wrapping Tests (for Aluminium for conductor) as per IS 8130.

b) Conductor resistance test as per IS 8130.

¢) Test for armouring wires/ formed wire (% Elongation, Tensile, Torsion/ winding, Resistance, Wt of Zinc coating,
Dimension and uniformity of coating) as per JS 1554 (Part-l), IS 7098 (Part-I), IS 3975.

d) Check for dimensions of insulation, sheath and conductor as per IS 1554 (Part-1), IS 7098 (Part-I).

e) Physical tests for insulation and sheath as per IS 1554 (Part-l), IS 7098 (Part-I), IS 5831 as applicable.

f) Insulation resistance test as per IS 1554 (Part-I), IS 7098 (Part-I), IS 5831 as applicable.

g) High voltage test at room temperature as per IS 1554 (Part I), IS 7098 (Part-I) as applicable.

h) High voltage test (water immersion test) as per clause 16.3 of JS 1554 (Part I).

j) Flammability test as per clause 2.5 IEEE-383 / IEC 60332 part 3.

k) Smoke density rating test as per ASTM-D2843.

[) Oxygenindex and Temperature index test as per ASTM-D2863.

m)Acid gas generation test as per [EC: 60754
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Project: 400/220 kV Switchyard Package at Bharat Heavy Electricals Limited North Karanpura super Thermal
Power Project (3 X 660 MW)

Document No. : TB-369-510-011A
Customer - NTPC Ltd.

Technical Specification: 1.1 kV Control Cables

n) Flammability test as per IS 1554 Part-1/ IS 7098 Part-I.
0) Swedish chimney test F3 category as per SS 4241475

2.5.2 Routine tests

The following routine tests shall be conducted on full length of the cable. These shall be witnessed by purchaser /
purchaser's representatives.

a) Highvoltage test as per clause 16.2 of IS 1554 (Part I).
b) Conductor resistance test as per clause 6.3 of IS 8130.

11
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PROJECT: 400/220kV Switchyard for North Karanpura Super TPP (3x660MW)
CUSTOMER: NTPCLTD.

Technical Specification
Section-3: Project Details and General Specification

TB-316-369-006

SECTION-3

PROJECT DETAILS AND GENERAL SPECIFICATIONS

3.0 GENERAL
This section stipulates the General Technical Requirements under the Contract and will form
an integral part of the Technical Specification.
The provisions under this section are intended to supplement general requirements for the
materials, equipment and services covered under other sections of tender documents and are
not exclusive. However in case of conflict between the requirements specified in this section
and requirements specified under other sections, the requxrements specified under respective
sections shall prevail.
3.1 PROJECT DETAILS
Particular Details
a)| Customer NTPC Ltd.
b)| Engineer/Consultant/ Inspector NTPC Ltd.
1739434/2026/TBG-TBG_ENGG
¢) | Project Title North Karanpura Super Thermal Power Project
(3x660 MW) : 400/220kV Switchyard at NKSTPP
end & 220kV Sub-station at Mine end
d)| Project Location Place: Near Tandwa town
District: Hazaribagh & Chatra
State: Jharkhand
e) | Latitude & Longitude 400/220KkV S/s at NKSTPP:
North: 23°50” to 23°52° and East: 84°59” to 85°2’
220kV S/s at Chatti Bariatu & Kerandari-A mine:
North: 23°52°35” and East: 85°05°25”
f) | Nearest Railway Station Khalari Railway Station Ranchi-Garhwa section
of Eastern Railways-
g) | Distance of project location from the | 40 Km (approx.)
Railway station
h)| Nearest Major Town Hazaribagh city
i) | Distance of the town from the project | 50 Km.
site
j) | Nearest commercial airport Ranchi
k)| Distance of airport from the project 150 Km
site
SITE CONDITIONS (for design purposes)
a)| Design ambient temperature 50°C
b)| Maximum Relative humidity 95 %
¢) | Height above mean sea level Less than 1000 meters
d)| Pollution Severity Heavily polluted (With Coal dust & Fly ash) and
Highly Corrosive environment.
)| Criteria for Wind Resistant design of | Standard Applicable - IS 875 (Part 3) 1987
structures and equipment
) | Basic Wind speed “Vb” at ten meters | 39 m/ sec
Section-3 Page 1 of 25
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PROJECT: 400/220kV Switchyard for North Karanpura Super TPP (3x660MW)
CUSTOMER: NTPCLTD. :

Technical Specification
Section-3: Project Details and General Specification

TB-316-369-006

above the mean ground level.

| )| Category of terrain Cat -2
| h)| Risk Coefficient “K1” 1.06
3.1.1 SYSTEM PARAMETERS:
| SLNo. | Parameters 400 kV 220kV |
1 Highest system voltage 420 kV rms 245kVrms |
2 Lightning Impulse voltage £1425kVp + 1050kVp |
3 Switching impulse voltage +1050kVp -
4 Power frequency withstand for 1 min (rms) 630 kV(rms) 460 kV(rms)
5 Max. fault level (1 sec.) 50 kA 40kA
6 Minimum creepage distance 10500 mm 6125mm
3.1.2 AUXILIARY POWER:
SL.No. | Nominal Variations | Frequency Phase Neutral
L Connection Voltage | in Voltage
1 415V +10% 50 (+3%-5%) | 3Phase, 4 Solidly Earthed
Wire
2 240V +10% 50 (+3%-5%) | 1 phase Solidly Earthed

1739434,2026,TBG-TBG_ENGE_ombined variation of voltage and frequency shall be + 10%. Design fault level of 415V system shall

be restricted to SOkA rms for 1 second.
The operational limits for variation of DC voltage are (+) 10% to (-) 15%.

3.1.3 The various minimum heights of the switchyard shall be as given below from plinth level:

| Voltage Equipment /1st Level 2nd Level 3rd Level Peak
| 220kV 6000mm 12000mm 17000mm 8500mm
[ 400kV 8000mm 16000mm 23000mm 8500mm

The minimum vertical distance from the bottom of the lowest porcelain part of the bushing, porcelain
enclosures or support insulators to the bottom of the equipment structure, where it rests on the
foundation pad shall be 2550mm.

The minimum height of intermediate gantry tower for 400kV wherever required shall be 25 m and the
peak (s) shall be of 8.5 m.

3.1.4 The minimum clearances for 400kV & 220 kV switchyards shall be as given below:

400kV 220kV
Phase to earth clearance 3500 mm 2100mm
Phase to phase clearance 4000 mm 2100mm
Section clearance 6500 mm 5000mm

32 INSTRUCTION TO BIDDERS:

The bidders shall submit the technical requirements, data and information as per the technical data
sheets, provided in Section-4.

The bidders shall furnish catalogues, engineering data, technical information, design documents,
drawings etc fully in conformity with the technical specification.

It is recognized that the bidders may have standardized on the use of certain components, materials,
processes or procedures different than those specified herein. Alternate proposals offering similar

Section-3 Page 2 of 25
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CUSTOMER: NTPCLTD.

PROJECT: 400/220kV Switchyard for North Karanpura Super TPP (3)(660MW)

.

Technical Specification
Section-3: Project Details and General Specification

TB-316—369—00:}

equipment based on the manufacturer's standard practice will also be considered provided such
proposals meet the specified designs, standard and performance requirements and are acceptable to the
Purchaser. Unless brought out clearly, the Bidder shall be deemed to conform to this specification
scrupulously. All deviations from the specification shall be clearly brought out in the respective
schedule of deviations. Any discrepancy between the specification and the catalogues or the bid, if not
clearly brought out in the schedule, will not be considered as valid deviation.

Except for lighting fixtures, wherever a material or article is specified or defined by the name of a
particular brand, Manufacturer or Vendor, the specific name mentioned shall be understood as
establishing type, function and quality and not as limiting competition.” For lighting fixtures, makes
shall be as defined in Section-Lighting System.

Equipment furnished shall be complete in every respect with all mountings, fittings, fixtures and
standard accessories normally provided with such equipment and/ or needed for erection, completion
and safe operation of the equipment as required by applicable codes, though they may not have been
specifically detailed in the Technical Specifications unless included i the list of exclusions. Materials
and components not specifically stated in the specification but which are necessary for commissioning
and satisfactory operation of the switchyard unless specifically excluded shall be deemed to be
included in the scope of the specification and shall be supplied without any extra cost. All similar
standard components/parts of similar standard equipment under supply shall be inter-changeable with

- one another.

1739434/2026/TBG-TBG_ENGCrpe pidder shall supply type tested (including special tests as per teeh:- specification) equipment and

materials. The test reports shall be furnished by the bidder along with equipment/ material drawings. In
the event of any discrepancy in the test reports, (i.e., if any test report is not acceptable due to any
design/ manufacturing changes or due to non-compliance with the Technical Specification and/ or
applicable standard), the tests shall be carried out without any additional cost implication to the BHEL.
BHEL reserves the right to get any or all type/tests conducted/repeated.

<

33 CODES AND STANDARDS

The supplier is required to follow local statutory regulstions stipulated in the latest amended
Electricity Supply Act 1948 and Indian Electricity Rules 1956 (latest), and other local rules and

regulations.

The equipment to be furnished under this specification shall conform to latest issue with all
amendments of standards and/ or codes speeified under respective section heads. The standards
mentioned in the specification are not mutuallly exchssive or complete in them, but intended to
complement each other. The supplier shall #leo mese dhmt list of standards presented in this
specification is not complete. Whenever necessary i list sindards shall be considered in conjunction
with specific IS/IEC. When the specified requiresnts stipulated in the specifications exceed or differ
than those required by the applicable standards, the stipulation of the specification shall take
precedence.

Other internationally accepted standards which ensure equivalent or better performance that specified
in the standards referred under section shall also be acceptable.

In case goveming standards for the equivalent for the equipment is different from IS/ IEC, the salient
points of difference shall be clearly brought out in additional information schedule along with English
language version of standard of relevant extract of the same. The equipment conforming to standards
other than IS/ IEC shall be subject to Purchaser’s approval.

The full names of the codes and standards mentioned in abbreviations under various equipment heads
are as follows:
BS British Standards
IEC/CISPR  International Electro-technical Commission
Section-3 Page 3 of 25
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IS Bureau of Indian Standards
ISO International Organization for Standards
NEMA National Electric Manufacturers Association

3.4 SE RVICES TO BE PERFORMED BY THE EQUIPMENT BEING FURNISHED

The 400 kV system is being designed to limit the power frequency over voltage of 1.5 p.u. and the
switching surge over voltage to 2.5 p.u. In 400 kV system the initial value of temporary over voltage
could be 2.0 p.u. for 1-2 cycles. All the equipment/materials covered in this specification shall perform
all its function satisfactorily without undue strain, restrike etc. under such over voltage conditions. All
equipment shall also perform satisfactorily under various other electrical, electromechanical and
meteorological conditions of the site of installation. All equipment shall be able to withstand all
external and internal mechanical, thermal and electromechanical forces due to various factors like
wind load, temperature variation, ice & snow, (not applicable for this project) short circuit etc for the
equipment .

The equipment shall also comply with the following:

a) All equipments shall be suitable for hot line washing,
b) To facilitate erection of equipment, all items to be assembled at site shall be "match marked”.
¢) Piping, if any, between equipment control cabinet or operating mechanism to marshalling box of
the equipment shall bear proper identification to facilitate the connection at site.
1739434/2026/TBG-TBG_ENG@) All equipment shall be supplied with necessary inter-pole cabling, and its cost shall be included in
the cost of equipment.

3.5 ENGI NEERING DATA
3.5.1 Drawings

All drawings submitted by the supplier including those submitted at the time of bid shall be in
sufficient detail to indicate the type, size, arrangement, material description, Bill of Materials, weight
of each component, break-up for packing and shipment, the external connections, fixing arrangement
required. The dimensions required for installation and interconnections with other equipment and
materials, clearances and spaces required for installation and interconnections between various
portions of equipment and any other information specifically requested in the specifications.

Each drawing submitted by the Contractor (including those of sub-vendors) shall bear a title block at
the right hand bottom corner with clear mention of the name of the Employer, the system designation,
the specifications title, the specification number, the name of the Project, drawing number and
revisions. If standard catalogue pages are submitted, the applicable items shall be indicated therein.
All titles, noting, markings and writings on the drawing shall be in English. All the dimensions should
be in metric units.

After the approval of the drawings, further work by the Contractor shall be in strict accordance with
these drawings and no deviation shall be permitted without the written approval of the Purchaser, if so
required. ’

The review of these data by the purchaser will cover only general conformance of the data to the
specification and documents, interfaces with the equipment provided under specification, external
connections and of the dimensions which might affect plan layout. This review by the purchaser may
not indicate a thorough review of the dimensions, quantities and details of the equipment, material, any
devices or items indicated or the accuracy of the information submitted. This review and/or approval
by the purchaser shall not be considered by the contractor, as limiting any of his responsibilities and
liabilities for mistakes and deviations from the requirements, specified under these specifications and
documents.
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All manufacturing and fabrication work in connection with the equipment prior to the approval of the
drawings shall be at the Contractor's risk. The Contractor may make any changes in the design which
are necessary to make the equipment conform to the provisions and intent of the Contract and such
changes will again be subject to approval by the Purchaser. Approval of Contractor’s drawing or work
by the Purchaser shall not relieve the contractor of any of his responsibilities and liabilities under the
Contract.

All engineering data submitted by the contractor after final process including review and approval by
the purchaser shall form part of the contract document and the entire work performed under these
specifications shall be performed in strict conformity, unless otherwise expressly requested by the
purchaser in writing.

3.5.2 Approval Procedure

The following procedure for submission and review/approval of the drawings, data,reports,
information, etc. shall be followed by Contractor:

a. All data/information furnished by Vendor in the form of drawings, documents, Catalogues or in
any other form for NTPC’s information/interface and/or review and approval are referred by the
general term “drawings”.

The ‘Master drawings list’ indicating titles, Drawing Number, Date of submission and approval
etc. shall be finalised mutually between Contractor and Employer before the award of contract.
This list shall be updated if required at suitable interval during detailed engineering.

c. Al drawings (including those of subvendor’s) shall bear at the right hand bottom corner the ‘title
plate’ with all relevant information duly filled in. The Contractor shall furnish this format to his
subvendor along with his purchase order for subvendor’s compliance.

d. Contractor shall submit all the drawings in five (5) copies for review of Employer. Employer
shall forward their comments within four (4) weeks of receipt of drawings.

e. Upon review of each drawings, depending on the correctness and completeness of the drawings,
the same will be categorised and approval accorded in one of the following categories:

[ CATEGORY I Approved
CATEGORY II Approved subject to incorporation of comments/modification as
noted. Resubmit revised drawing incorporating the comments
CATEGORY III Not approved. Resubmit revised drawings for Approval after
incorporating comments/modifications as noted
CATEGORY 1V For information and records

f.  Contractor shall resubmit the drawings approved under Category II, III within one (1) week of
receipt of comments on the drawings, incorporating all comments. Every revision of the drawing
shall bear a revision index wherein such revisions shall be highlighted in the form of description
or marked up in the drawing identifying the same with relevant revision number enclosed in a
triangle (e.g 1.2.3. etc.).

g In case Contractor does not agree with any specific comment, he shall furnish the explanation for
the same to Employer consideration. In all such cases Contractor shall necessarily enclose
explanations along with the revised drawing (taking care of balance comments) to avoid any
delay and/or duplication in review work.

h. It is the responsibility of the Contractor to get all the drawings approved in the Category I or IV
(as the case may be) and complete engineering activities within the agreed schedule. Any delay
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arising out of submission and modification of drawings shall not alter the contract completion
schedule.

Contractor shall not make any changes in the portion of the drawing other than those commented.
If changes are required to be made in the portions already approved, the Contractor shall resubmit
the drawings identifying the changes (along with reasons for changes) for Employer’s review and
approval. Drawings resubmitted shall show clearly the portions where the same are revised
marking the relevant revision numbers and Employer shall review only such revised
portion of documents.

j.  Approval of drawings will not in any way relieve the Contractor of his obligations of furnishing
the equipment in accordance with the specification and shall not prevent subsequent rejection if
such equipment is later found to be defective.

3.5.3 Erection Drawings.

a, Contractor shall furnish erection drawings for the guidance or commencement of erection or the

17394347202 6/TBG-TBG_ENGGb

first shipment, whichever is earlier. These shall generally comprise of fabrication/assembly
drawings, various component/part details drawing, assembly, clearance data requirements, etc.
The drawings shall contain details of components/ equipment with identification number, match
marks, bill of materials, assembly procedures etc.

For all major equipment apart from above details, assembly sequence and
instructions with check-lists shall be furnished in the form of erection manuals.

3.5.4 Instruction Manual

a.

The Contractor shall submit to the Employer preliminary instruction manuals for all the
equipments for review. The final instructions manuals incorporating Employer’s comments and
complete in all respect shall be submitted at least sixty (60) days before the first shipment of the
equipment. The instruction manuals shall contain full details and drawings of all the equipments,
the transportation, storage, installation, testing, operation and maintenance procedures, etc.
separately for each component/equipment along with log record format. These instruction
manuals shall be submitted in five (5) copies for approval.

If after commissioning and initial operation of the plant, the instruction manuals require any
modifications/additions/changes, the same shall being corporate and the updated final instruction .
manuals shall be submitted.

The operating and maintenance instructions together with drawings (other than shop drawings) of
the equipment, as completed, shall have sufficient details to enable the Employer to maintain,
dismantle, reassemble and adjust all parts of the equipment. They shall give a step by step
procedure for all operations likely to be carried out during the life of the plant/equipment,
inciuding erection, testing, commissioning, operation, maintenance dismantling and repair. Each
manual shall also include a complete set of approved drawings together with performance/rating
curves of the equipment and test certificates, wherever applicable. The contract shall not be
considered completed for purpose of taking over until such instructions and drawings have been
supplied to the Empioyer.

A separate section of the manual shall be for each size/type of equipment and shall contain a
detailed description of construction and operation, together will all relevant pamphlets.
The manuals shall include the following
a) List of spare parts along with their drawing and catalogues and procedure for ordering spares.
b) Lubrication Schedule including charts showing lubrication checking, testing and replacement
procedure to be carried daily, weekly, monthly & at longer intervals to ensure trouble free
operation.
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f.  Where applicable, fault location charts shall be included to facilitate finding the cause of mal-
operation or break down.

g A collection of the manufacturer’s standard leaflets will not accepted to be taken as a compliance
of this clause. The manual shall be specifically compiled for the concerned project.

3.5.5 Final Submission of drawings and documents:

The Contractor shall furnish the following after approval of all drawings /documents and test reports:

List of drawings bearing the Employer’s and Contractor’s drawing number.

Two (2) bound sets alongwith 4 CD-ROMs of all drawing.

All documents/designs in two (2) copies as noted above.

Contractor shall also furnish six (6) bound sets of all as-built drawings including the list of all as-

built drawings bearing drawing numbers. The Contractor shall also furnish two (2) sets of CD-

ROMs/ DVD/Portable hard disk of all as-built drawings as decided by the Employer.

e. The Contractor shall also furnish four (4) copies of instruction/ operations & maintenance
manuals (after approval) for all the equipments.

o o

3.5.6 TEST REPORTS

Two (2) copies of all test reports shall be supplied for approval before shipment of Equipment. The

1739434/2026,TBG-TBG_ENGGreport shall indicate clearly the standard value specified for each test to facilitate checking of the
reports. After final approval six (6) bound copies of all type and routine test reports shall be submitted
to Employer.

3.6 MA TERIAL /WORKMANSHIP

Where the specification does not contain references to workmanship, equipment, materials and
components of the covered equipment, it is essential that the same must be new, of highest grade of the
best quality of their kind, conforming to best engineering practice and suitable for the purpose for
which they are intended and shall ensure satisfactory performance throughout the service life.

In case where the equipment, materials or components are indicated in the specification as “similar” to
any special standard the purchaser shall decide upon the question of similarity. When required by the
specification or when required by the purchaser the contractor shall submit, for approval, all the
information concerning the materials or components to be used in manufacture. Machinery,
equipment, materials and components supplied, installed or used without such approval shall run the
risk of subsequent rejection, it being understood that the cost as well as the time delay associated with
the rejection shall be borne by the Contractor.

The design of the Works shall be such that installation, future expansions, replacements and general
maintenance may be undertaken with a minimum of time and expenses. Each component shall be
designed to be consistent with its duty and suitable factors of safety subject to mutual agreements. All
joints and fastenings shall be devised, constructed and documented so that the component parts shall
be accurately positioned and restrained to fulfill their required function. In general, screw threads shall
be standard metric threads. The use of other thread forms will only be permitted when prior approval
has been obtained from the Purchaser.

Whenever possible, all similar part of the works shall be made to gauge and shall also be made
interchangeable with similar parts. All spare parts shall also be interchangeable and shall be made of
the same materials and workmanship as the corresponding parts of the equipment supplied under the
specification. Where feasible, common component units shall be employed in different pieces of
equipment in order to minimize spare parts stocking requirements. All equipment of the same type and
rating shall be physically and electrically interchangeable.
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The equipment offered in the bid only shall be accepted for supply, with the minimum modifications
as agreed/accepted.

3.7 PROVISIONS FOR EXPOSURE TO HOT AND HUMID CLIMATE

Outdoor equipment supplied under the specification shall be suitable for service and storage under tropical
conditions of high temperature, high humidity' heavy rainfall and environment favorable to the growth of
fungi and mildew. The indoor equipment located in non-air-conditioned areas shall also be of same type.

SPACE HEATERS

The heaters shall be suitable for continuous operation at 230 V as supply voltage. On ~off switch and fuse
shall be provided.

One or more adequately rated thermostatically connected heaters shall be supplied to prevent condensation
in any compartment. The heaters shall be installed in the compartment and electrical connections shall be
made sufficiently away from below the heaters to minimize deterioration of supply wire insulation. The
heaters shall be suitable to maintain the compartment temperature to prevent condensation.

The heaters shall be suitably designed to prevent any contact between the heater wire and the air and shall
consist of coiled resistance wire centered in a metal sheath and completely encased in a highly compacted
powder of magnesium oxide or other material having equal heat conducting and electrical insulation

1739434,2026,/TBG-TBG_Epr@perties or they shall consist of resistance wire wound on a ceramic and completely covered with a
ceramic material to prevent any contact between the wire and the air. Alternatively, they shall consist of a
resistanice wire mounted into a tubular ceramic body built into an envelope of stainless steel or the
resistance wire is wound on a tubular ceramic body and embedded in vitreous glaze. The surface
temperature of the heaters shall be restricted to a value which will not shorten the life of the heater sheaths
or that of insulated wire or other component in the compartments.

FUNGI STATIC VARNISH

Besides the space heaters, special moisture and fungus resistance varnish shall be applied on parts which
may be subjected or predisposed to the formation of fungi due to the presence or deposit of nutrient
substances. The vamish shall not be applied to any surface of part where the treatment will interfere with
the operation or performance of the equipment. Such surfaces or parts shall be protected against the
application of the varnish.

Ventilation opening

In order to ensure adequate ventilation, compartments shall have ventilation openings provided with fine
wire mesh of brass to prevent the entry of insects and to reduce to a minimum the entry of dirt and dust.
Outdoor compartment openings shall be provided with shutter type blinds.

Degree of Protection

The enclosure of the Control Cabinets, Junction boxes and Marshalling Boxes, panels etc. to be installed
shall provide degree of protection as detailed here under:

Installed outdoor: IP- 55

Installed indoor in air conditioned area: IP-31

Installed in covered area: IP-52

Installed indoor in non air-conditioned area where possibility of entry of water is limited: IP-41.
For LT Switchgear (AC & DC distribution Boards) : IP-52

oo o

The degree of protection shall be in accordance with IS: 13947 (Part -1) / IEC-947 (Part-I) / IS 12063/IEC
529. Type test report for degree of protection test, on each type of the box shall be submitted for approval.
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PRESERVATIVE SHOP COATING

All exposed metallic surfaces subject to corrosion shall be protected by shop application of suitable
coatings. All surfaces which will not be easily accessible after the shop assembly, shall be treated
beforehand and protected for the life of the equipment. All surfaces shall be thoroughly cleaned of all mill
scales, oxides and other coatings and prepared in the shop. The surfaces that are to be finish-painted after
installation or require corrosion protection until installation, shall be shop painted as per the requirements
covered in the relevant part of the Technical Specification.

Transformers and other electrical equipments, if included shall be shop finished with one or more coats of
primer and two coats of high grade resistance enamel. The finished colors shall be as per manufacturer's
standards, to be selected and specified by the Employer at a later date.

Shop primer for all steel surfaces which will be exposed to operating temperature below 95 degrees
Celsius shall be selected by the Contractor after obtaining specific approval of the Employer regarding the
quality of primer proposed to be applied. Special high temperature primer shall be used on surfaces
exposed to temperature higher than 95 degrees Celsius and such primer shall also be subject to the
approval of the Employer.

3.8 RA TING PLATES, NAME PLATES AND LABELS

3.8.1 Each equipment shall have permanently attached to it in a conspicuous position, a rating plate
1739434/2026/TBG-TBG_ENGG of non-corrosive material upon which shall be engraved manufacturer’s name, equipment, type
or serial number together with details of the ratings, service conditions under which the item of
plant in question has been designed to operate, and such diagram plates as may be required by

the Employer.

3.8.2 Such nameplates or labels shall be of white nonhygroscopic material with engraved black
lettering or alternately, in the case of indoor circuit breakers, starters, etc. of transparent plastic
material with suitably coloured lettering engraved on the back.

3.8.3 The rated current, extended current rating and rated thermal current shall be clearly indicated in
the name plate in case of current transformer.

3.8.4 Rated voltage, voltage factor and intermediate voltage shall be clearly indicated on the
nameplate in case of capacitor voltage transformer.

3.8.5 Each switch shall a clear inscription identifying its function. Switches shall also have a  clear
inscription of each position indication.

3.8.6 All segregated phases of conductors or bus ducts, indoor or outdoor, shall be provided with
coloured phase plates to clearly identify the phase of the system.

3.8.7 All such plates, instruction plates, etc. shall be bilingual with Hindi inscription first, followed
by English. Alternatively, two separate plates one with Hindi and the other with English
inscriptions may be provided.

3.9 GALVANISING:

39.1 The galvanised surface shall consist of a continuous film adhering to the steel. The
finished surface shall be clean and smooth, and shall be free from defects like dissolved
patches, base, spot, 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 shall render the material liable to rejection.

Section-3 Page 9 of 2§

File No. TBG-TBMMOPROC/1/2026-TBG-TBMM_PUR (Computer No. 270323)
Generated from eOffice by Piyush Kumar Mishra, SM(PKM)-TBG-MM-TBG, SM, BHARAT HEAVY ELECTRICAL LTD on 24/01/2026 04:02 pm



PROJECT: 400/220kV Switchyard for North Karanpura Super TPP (3x660MW)
CUSTOMER: NTPCLTD.

Technical Specification
Section-3: Project Details and General Specification

TB-316-369-006

3.9.2 All exposed ferrous parts shall be hot dip galvanised as per 1S:2629 & 15:2633, Galvanising

393

3.10
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shall be uniform, smooth continuous and free from acid spots. Should the galvanising of the
sample be found defective, the entire batch of steel shall have to be re-galvanised at
Contractor’s cost. The amount of zinc deposit shall be not less than 610 gms. per sq.m. of
surface area and in addition, the thickness of zinc at any spot shall not be less than 85 microns.
The Employer reserves the right to measure the thickness of zinc deposit by Elkometer or any
other instrument acceptable to Employer and reject any component which shows thickness of
zinc at any location less than 85 microns. The testing on the galvanised materials shall be
carried out as per 1S22633.

The amount of zinc deposit over threaded portion of the bolts, nuts and screws shall not be less
than 300 gms. per sq. meter of surface area. The amount of zinc deposit on washers shall not be
less than 340 gms. per sq. meter of surface area. The threads having extra deposit of zinc shall
be removed by die cutting after the completion of galvanising. The removal of extra zinc shall
be carefully done so that threads shall have minimum deposits of zinc on them as specified.

PAINTING

Unless explicitly stated in relevant chapters of the specification, the painting of all electrical
equipment shall be as follows:

Epoxy based with suitable additives. The thickness of finish coat shall be minimum 50 microns
(minimum total DFT shall be 100 microns). However in case electrostatic process of painting is
offered for any electrical equipment, minimum paint thickness of 50 microns shall be
acceptable for finish coat. Paint shade shall be as per technical specification.

QUALITY ASSURANCE PROGRAMME

3.11.1 The Contractor shall adopt suitable quality assurance programme to ensure that the equipment

and services under the scope of contract whether manufactured or performed within the
Contractor’s works or at his subcontractor’s premises or at the Employer’s site or at any other
place of work are in accordance with the specifications. Such programmes shall be outlined by
the Contractor and shall be finally accepted by the Employer/authorised representative after
discussions before the award of the contract. The QA programme shall be generally in line with
ISO-9001/1S- 14001.

A quality assurance programme of the contractor shall generally cover the following:

i.

ii.
ii.
iv.

V.
Vi.

Vii.
viil.

iX.
X.
Xi.
xil.
Xiii.
Xiv.

Section-3

His organisation structure for the management and implementation of the proposed
quality assurance programme

Quality System Manual

Design Control System

Documentation Data Control System

Qualification data for Bidder’s key Personnel.

The procedure for purchase of materials, parts, components and selection of sub-
contractor’s services including vendor analysis, source inspection, incoming raw-
material inspection, verification of materials purchased etc.

System for shop manufacturing and site erection controls including process,
fabrication and assembly.

Control of non-conforming items and system for corrective actions and
resolution of deviations.

Inspection and test procedure both for manufacture and field activities.

Control of calibration and testing of measuring testing equipments.

System for Quality Audits.

System for identification and appraisal of inspection status.

System for authorising release of manufactured product to the Employer.

System for handling storage and delivery.
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xv.  System for maintenance of records, and
xvi.  Furnishing quality plans for manufacturing and field activities detailing out the specific quality
control procedure adopted for controlling the quality characteristics relevant to each item of
equipment/component as per format enclosed as Annexure-I.

3.12 GENERAL REQUIREMENTS - QUALITY ASSURANCE

3.12.1 All materials, components and equipment covered under this specification shall be procured,
manufactured, erected, commissioned and tested at all the stages, as per a comprehensive
Quality Assurance Programme. An indicative programme of inspection/tests to be carried out
by the contractor for some of the major items is given in the respective technical specification.
This is, however, not intended to form a comprehensive programme as it is the contractor’s
responsibility to draw up and implement such programme duly approved by the Employer. The
detailed Quality Plans for manufacturing and field activities should be drawn up by the Bidder
and will be submitted to Employer for approval. Schedule of finalisation of such quality plans
will be finalised before award.

3.12.2 Manufacturing Quality Plan will detail out for all the components and equipment, various
tests/inspection, to be carried out as per the requirements of this specification and standards
mentioned therein and quality practices and procedures followed by Contractor’s/ Sub-
contractor’s/ sub-supplier's Quality Control Organisation, the relevant reference documents and
standards, acceptance norms, inspection documents raised etc., during ail stages of materials
procurement, manufacture, assembly and final testing/performance testing. The Quality Plan
shall be submitted on electronic media e.g. floppy or E-mail in addition to hard copy, for
review. Once the same is finalised, hard copies shall be submitted for approval. After approval
the same shall be submitted in compiled form on CD ROM.

3.12.3 Field Quality Plans will detail out for all the equipment, the quality practices and procedures
etc. to be followed by the Contractor’s site Quality Control Organisation, during various stages
of site activities starting from receipt of materials/equipment at site.

3.12.4 The Bidder shall also furnish copies of the reference documents/plant standards/acceptance
norms/tests and inspection procedure etc., as referred in Quality Plans along with Quality Plans.
These Quality Plans and reference documents/standards etc. will be subject to Employer’s
approval without which manufacturer shall not proceed.

3.12.5 These approved documents shall form a part of the contract. In these approved Quality Plans,
Employer shall identify customer hold points (CHP), i.e. test/checks which shall be carried out
in presence of the Employer’s Project Manager or his authorised representative and beyond
which the work will not proceed without consent of Employer/Authorised representative in
writing. All deviations to this specification, approved quality plans and applicable standards
must be documented and referred to Employer along with technical justification for approval
and dispositioning.

3.12.6 No material shall be despatched from the manufacturer’s works before the same is accepted
subsequent to pre-despatch final inspection including verification of records of all previous
tests/inspections by Employer’s Project Manager/Authorised representative and duly authorised
for despatch by issuance of MDCC.

3.12.7 All material used for equipment manufacture including casting and forging etc. shall be of
tested quality as per relevant codes/standards. Details of results of the tests conducted to
determine the mechanical properties, chemical analysis and details of heat treatment procedure
recommended and actually followed shall be recorded on certificates and time temperature
chart. Tests shall be carried out as per applicabie material standards and/or agreed details.
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3.12.8 All welding and brazing shall be carried out as per procedure drawn and qualified in
accordance with requirements of ASME Section 1X/BS-4870 or other International equivalent
standard acceptable to the Employer.

3.12.9 All welding/brazing procedures shall be submitted to the Employer or its authorised
representative for approval prior to carrying out the welding/brazing.

3.12.10 All brazers, welders and welding operators employed on any part of the contract either in
~ Contractor’s/his sub-contractor’s works or at site or elsewhere shall be qualified as per ASME
Section-IX or BS-4871 or other equivalent International Standards acceptable to the Employer.

3.12.11 Test results or qualification tests and specimen testing shall be furnished to the Employer for
approval. However, where required by the Employer, tests shall be conducted in presence of
Employer/authorised representative.

3.12.12 For all pressure parts and high pressure piping welding, the latest applicable requirements of
the IBR (Indian Boiler Regulations) shall also be essentially complied with. Similarly, any
other statutory requirements for the equipments/systems shall also be complied with. On all
back-gauged welds MPI/LPI shall be carried before seal welding.

3.12.13 All the heat treatment results shall be recorded on time temperature charts and verified with

recommended regimes.
1739434/2026/TBG-TBG_ENGG

3.12.14 No welding shall be carried out on cast iron components for repair.

3.12.15 Unless otherwise proven and specifically agreed with the Employer, welding of dissimilar
materials and high alloy materials shall be carried out at shop only.

3.12.16 All non-destructive examination shall be performed in accordance with written procedures as
per International Standards. The NDT operator shall be qualified as per SNT-TC-IA (of the
American Society of non-destructive examination). NDT shall be recorded in a report which
includes details of methods and equipment used, result/evaluation, job data and identification of
personnel employed and details of co-relation of the test report with the job.

In general all plates of thickness greater than 40mm & for pressure parts plates of thickness
equal to or greater than 25mm shall be ultrasonically tested otherwise as specified in respective
equipment specification. All bar stock/Forging of diameter equal to or greater than 50mm shall
be ultrasonically tested.

The Contractor shall list out all major items/ equipment/ components to be manufactured in
house as well as procured from sub-contractors (BOI). All the subcontractor proposed by the
Contractor for procurement of major bought out items inciuding castings, forging, semi-
finished and finished components/equipment etc., list of which shall be drawn up by the
Contractor and finalised with the Employer, shall be subject to Employer’s approval. The
contractor’s proposal shall include vendor’s facilities established at the respective works, the
process capability, process stabilization, QC systems followed, experience list, etc. along with
his own technical evaluation for identified subcontractors enclosed and shall be submitted to
the Employer for approval within the period agreed at the time of pre-awards discussion and
identified in "DR" category prior to any procurement. Such vendor approval shall not relieve
the contractor from any obligation, duty or responsibility under the contract.

3.12.17 For components/equipment procured by the contractors for the purpose of the contract, after
obtaining the written approval of the Employer, the contractor’s purchase specifications and
inquiries shall call for quality plans to be submitted by the suppliers. The quality plans called
for from the subcontractor shall set out, during the various stages of manufacture and
installation, the quality practices and procedures followed by the vendor’s quality control
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organisation, the relevant reference documents/standards used, acceptance level, inspection of
documentation raised, etc.

3.12.18 Employer reserves the right to carry out quality audit and quality surveillance of the systems
and procedures of the Contractor’s or their sub vendor’s quality management and control
activities, The contractor shall provide all necessary assistance to enable the Employer carry out
such audit and surveillance.

3.12.19 The contractor shall carry out an inspection and testing programme during manufacture in his
work and that of his sub-contractors and at site to ensure the mechanical accuracy of
components, compliance with drawings, conformance to functional and performance
requirements, identity and acceptability of all materials parts and equipment. Contractor shall
carry out all tests/inspection required to establish that the items/equipments conform to
requirements of the specification and the relevant codes/standards specified in the specification,
in addition to carrying out tests as per the approved quality plan.

3.12.20 Quality audit/surveillance/approval of the results of the tests and inspection will not, however,
prejudice the right of the Employer to reject the equipment if it does not comply with the
specification when erected or does not give complete satisfaction in service and the above shall
in no way limit the liabilities and responsibilities of the Contractor in ensuring complete
conformance of the materials/equipment supplied to relevant specification, standard, data
sheets, drawings, etc.

TBG-TBG_ENGG . . . .
73943472026/ N 3.12.21 For all spares and replacement items, the quality requirements as agreed for the main

equipment supply shall be applicable.

3.12.22 Repair/rectification procedures to be adopted to make the job acceptable shall be subject to the
approval of the Employer/ authorised representative.

3.12.23 Environmental Stress Screening

All solid state electronic system / equipment / sub assembly shall be free from infant mortile
components. For establishing the compliance to this requirement, the contractor / sub —
contractor should meet the following.

1. The Contractor / Sub — contractor shall furnish the established procedure being followed
for eliminating infant mortile components. The procedure followed by the Contractor /
Sub — contractor should be substantiated along with the statistical figures to validate the
procedure being followed. The necessary details as required under this clause shall be
furnished at the stage of QP finalization.

Or
In case the Contractor / Sub — c ontractor do not have any established procedure to
eliminate infant mortile components then two or 10% whichever is less, most densely
populated Panels shall be tested for Elevated Temperature Cycle Test as per the following

procedure.

Elevated Temperature Test Cycle

During the elevated temperature test which shall be for 48 hours, the ambient temperature
shall be maintained at 50° C. The equipment shall be interconnected with devices and kept
under energized conditions so as to repeatedly perform all operations it is expected to
perform in actual service with load on various components being equal to those which will
be experienced in actual service.
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3.13

3.13.1

During the elevated temperature test the cubicle doors shall be closed (or shall be in the
position same as they are supposed to be in the field) and inside temperature in the zone of
highest heat dissipating components / modules shall be monitored. The temperature rise
inside the cubicle should not exceed 10° C above the ambient temperature at 50° C.

In case of any failure during the test cycle, the further course of action should be mutually
discussed for demonstrating the intent of the above requirement.

Burn In Test Cycle

The test shall be conducted on all the panels fully assembled and wired including the
panels having undergone the above mentioned elevated temperature test.

The period of Burn in Test Cycle shail be 120 hrs and process shall be similar to the
elevated temperature test as above except that the temperature shall be reduced to the
ambient temperature prevalent at that time.

During the above tests, the process I/O and other load on the system shall be simulated by
simulated inputs and in the case of control systems, the process which is to be controlled
shail also be simulated. Testing of individual components or modules shall not be
acceptable.

During the Burn in Test the cubicle doors shall be closed (or shall be in the position same
as they are supposed to be in the field) and inside temperature in the zone of highest heat
dissipating components / modules shall be monitored. The temperature rise inside the
cubicle should not exceed 10° C above the ambient temperature.

The Contractor / Sub-contractor shall carry out routine test on 100% item at contractor /
sub-contractor's works. The quantum of check / test for routine & acceptance test by
employer shall be generally as per criteria / sampling plan defined in referred standards.
Wherever standards have not been mentioned qua ntum of check / test for routine /
acceptance test shalil be as agreed during detailed engineering stage.

QUALITY ASSURANCE DOCUMENTS

The Contractor shall be required to submit two hard copies and two sets on CDROM of the
following Quality Assurance Documents as identified in respective quality plan with tick
( V) mark.

Each QA Documentation shail have a project specific Cover Sheet bearing name &
identification number of equipment and including an index of its contents with page control
on each document.

The QA Documentation file shall be progressively completed by the Supplier’s sub-supplier
to allow regular reviews by all parties during the manufacturing.

The final quality document will be compiled and issued at the final assembly place of
equipment before dispatch. However CD-Rom may be issued not later than three weeks.

Typical contents of Quality Assurance Document are as below:-

i)  Quality Plan,
ii) Material mill test reports on components as specified by the specification and
approved Quality Plans.

iii) Manufacturer / works test reports/results for testing required as per applicable
codes and standard referred in the specification and approved Quality Plans.
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iv) Non-destructive examination results /reports including radiography
interpretation reports. Sketches/drawings used for indicating the method of
traceability of the radiographs to the location on the equipment.

v) Heat Treatment Certificate/Record (Time- temperature Chart)

vi) All the accepted Non-conformance Reports (Major/Minor) / deviation, including
complete technical details / repair procedure).

vii) CHP / Inspection reports duly signed by the Inspector of the Employer and
Contractor for the agreed Customer Hold Points.

viii) Certificate of Conformance (COC) whoever applicable.

ix) MDCC

Similarly, the contractor shall be required to submit two hard copies and two sets on CD
ROM of Quality Assurance Documents ( in line with above) pertaining to field activities as
per Approved Field Quality Plans and other agreed manuals/ procedures, prior to
commissioning of individual system.

Before dispatch/ commissioning of any equipment, the Supplier shall make sure that the
corresponding quality document or in the case of protracted phased deliveries, the applicable
section of the quality document file is completed. The supplier will then notify the Inspector
regarding the readiness of the quality document (or applicable section) for review.

i) If the result of the review carried out by the Inspector of the Quality document (or
applicable section) is satisfactory. The Inspector shall stamp the quality document
(or applicable section) for release.

if) If the quality document is unsatisfactory, the Supplier shall endeavour to correct
the incompleteness, thus allowing finalizing the quality document (or applicable
section) by time compatible with the requirements as per contract documents.
When it is done, the quality document (or applicable section) is stamped by the
Inspector.

i) If a decision is made for dispatch, whereas all outstanding actions cannot be
readily cleared for the release of the quality document by that time, the supplier
shall immediately, upon shipment of the equipment, send a copy of the quality
document Review Status signed by the Supplier Representative to the Inspector
and notify of the committed date for the completion of all outstanding actions &
submission. The Inspector shall stamp the quality document for applicable section
when it is effectively completed. The submission of QA documentation package
shall not be later than 3 weeks after the dispatch of equipment.

3.14 TRANSMISSION OF QUALITY DOCUMENTS

As a general rule, two hard copies of the quality document and Two CD ROMs shall be issued
to the Employer after the delivery date for the corresponding equipment. One set of quality
document shall be forwarded to Corporate Quality Assurance Department and other set to

respective Site.

For the particular case of phased deliveries, the complete quality document to the Employer
shall be issued not later than 1 month after the date of the last delivery similarly as stated

above.

3.15 INSPECTION, TESTING & INSPECTION CERTIFICATE

3.15.1 The word ‘Inspector’ shall mean the Project Manager and/or his authorised representative
and/or an outside inspection agency acting on behalf of the Employer to inspect and examine
the materials and workmanship of the works during its manufacture or erection.

3.152  The Project Manager or his duly authorised representative and/or an outside inspection
agency acting on behalf of the Employer shall have access at all reasonable times to inspect
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and examine the materials and workmanship of the works during its manufacture or erection
and if part of the works is being manufactured or assembled on other premises or works, the
Contractor shall obtain for the Project Manager 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 Contractor shall give the Project Manager/Inspector fifteen (15) days written notice of
any material being ready for testing. Such tests shall be to the Contractor’s account except
for the expenses of the Inspector’s. The Project Manager/Inspector, unless the witnessing of
the tests is virtually waived, will attend such tests within fifteen (15) days of the date on
which the equipment is noticed as being ready for test/inspection failing which the
contractor may proceed with test which shall be deemed to have been made in the
inspector’s presence and he shall forthwith forward to the inspector duly certified copies of
test reports in two (2) copies.

The Project Manager or Inspector shall within fifteen (15) days from the date of inspection
as defined herein give notice in writing to the Contractor, or any objection to any drawings
and all or any equipment and workmanship which is in his opinion not in accordance with
the contract. The Contractor shall give due consideration to such objections and shall either
make modifications that may be necessary to meet the said objections or shall inform in
writing to the Project Manager/Inspector giving reasons therein, that no modifications are
necessary to comply with the contract.

When the factory tests have been completed at the Contractor’s or subcontractor’s works,
the Project Manager /Inspector shall issue a certificate to this effect fifteen (15) days after
completion of tests but if the tests are not witnessed by the Project Manager /Inspectors, the
certificate shall be issued within fifteen (15) days of the receipt of the Contractor’s test
certificate by the Project Manager /Inspector. Project Manager /Inspector to issue such a
certificate shall not prevent the Contractor from proceeding with the works. The completion
of these tests or the issue of the certificates shall not bind the Employer to accept the
equipment should it, on further tests after erection be found not to comply with the contract.

In all cases where the contract provides for tests whether at the premises or works of  the
Contractor or any sub-contractor, the Contractor, except where otherwise specified shall
provide free of charge such items as labour, material, electricity, fuel, water, stores,
apparatus and instruments as may be reasonably demanded by the Project Manager
/Inspector or his authorised representatives to carry out effectively such tests on the
equipment in accordance with the Contractor and shall give facilities to the Project
Manager/Inspector or to his authorised representative to accomplish testing.

The inspection by Project Manager / Inspector and issue of Inspection Certificate thereon
shall in no way limit the liabilities and responsibilities of the Contractor in respect of the
agreed Quality Assurance Programme forming a part of the contract.

To facilitate advance planning of inspection in addition to giving inspection notice, the
Contractor shall furnish quarterly inspection programme indicating schedule dates of
inspection at Customer Hold Point and final inspection stages. Updated quarterly inspection
plans will be made for each three consecutive months and shall be furnished before
beginning of each calendar month.

All inspection, measuring and test equipments used by contractor shall be calibrated
periodically depending on its use and criticality of the test/measurement to be done. = The
Contractor shall maintain all the relevant records of periodic calibration and instrument
identification, and shall produce the same for inspection by NTPC. Wherever asked
specifically, the contractor shall re-calibrate the measuring/test equipments in the presence
of Project Manager / Inspector.
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3.16 PACKAGING & TRANSPORTATION

Items shall be packed & dispatched separately to respective sites i.e. to 400/220kV S/s at
NKSTPP end & to 220kV S/s at Chatti Bariatu & Kerandari-A mine end.

3.16.1 Packing, Marking and shipping

The packing and shipping shall be carried out in accordance with the standard practice of
Contractor and with the following additional requirements:

a) The equipment shall be prepared in such a manner as to protect the equipment from damage
or deterioration during shipping or storage. The shipments can be exposed to heavy rains,
hot sun, high humidity and sudden extreme changes of temperature. The equipment shall be
packed and shipped so as to protect it from all such conditions and any other abnormal
conditions, generally expected during shipping & storage.

b) The metallic containers, if any, shall be considered as the property of the Contractor and he
will be allowed to remove them from site once the contents are unpacked, inspected,
documented and placed in temporary storage or in final position.

¢) The equipment shall be shipped in such a manner as to facilitate unloading, handling and
storage enroute and at the site. The Contractor shall provide lifting lugs and special lifting
devices for proper handling and erection.

1739434/2026/TBG-TBG_ENGG

d) The Contractor shall be liable for any damage or loss resuiting due to careless, improper,
poor or insufficient packing and handling.

¢) Spare parts and spare equipment shall be packed separately in containers adequate for long
term storage, plainly marked “Spare Parts Only”. They shall be crated individually or in kits
to be used in one single renewal or overhaul operation. Other spare part kits shall not be
disturbed when using one set or kit.

f) The Contractor shall at all times protect and preserve from damage, loss, corrosion and all
other forms of damage, all parts of the works.

3.16.2  Transportation

a) The Contractor shall make a careful examination of access rail/roadways to the site in order
to confirm the practical maximum transport weight and dimensions as well as a careful
examination of the ports of disembarkation particularly with respect to the capacity of the
cranes installed and access roads.

b) All instruments and computer/microprocessor based equipment imported into India from
overseas for the purpose of this contract shall be air freighted to the nearest possible point
and further by rail/road taking due precautions as per manufacturer’s recommendations.
Employer shall have the right to decide the items that should be air freighted and
Employer’s decision shall be binding on Contractor.

3.16.3 Insurance

a) The Contractor shall insure all shipments and works at his own expense for not less than the
full replacement cost plus any additional cost for accelerated manufacturing of the
replacement parts.

b) Loss or the damage to equipment during shipping or transportation to the site(s) or otherwise
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3.174

3.17.5
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3.17.6

3.17.7

3.18

3.18.1

3.18.2

3.183

3.184

3.18.5

shall not constitute groups for claims for extension in time or for extra payment.

CLAMPS AND CONNECTORS INCLUDING TERMINAL CONNECTORS

The material of clamps and connectors shall be Aluminium alloy casting conforming to
designation A6 of 1S:617 for connecting to equipment terminals and conductors of
aluminium. In case the terminals are of copper, the same clamps/connectors shall be used
with 2mm thick bimetallic liner.

The material of clamps and connectors shall be Galvanised mild steel for connecting to
shield wire.

Bolts, nuts and plain washers shall be hot dip galvanised mild steel for sizes M12 and above.
For sizes below M12, they shall be electro-galvanised mild steel. The spring washers shall
be electro-galvanised mild steel.

All castings shall be free from blow holes, surface blisters, cracks and cavities. All sharp
edges and comners shall be rounded off to meet specified corona and radio interference
requirements. :

They shall have same current rating as that of the connected equipment. All current carrying
parts shall be at least 10 mm thick. The connectors shall be manufactured to have minimum
contact resistance.

Flexible connectors, braids or laminated strips shall be made up of copper/aluminium.

Current rating and size of terminal/conductor for which connector is suitable shall be put on
a suitable sticker on each component which should last atleast till erection time.

BUSHINGS, HOLLOW COLUMN INSULATORS, SUPPORT INSULATORS, AND DISC
INSULATORS

Bushings shall be manufactured and tested in accordance with IS: 2099 & IEC: 137 while
hollow column insulators shall be manufactured and tested in accordance with IEC 233/1S
5284. The support insulators shall be manufactured and tested as per IS: / [EC 168/IEC 273.
The insulators shall also conform to IEC 815 as applicable.

Support insulators/ bushings/ hollow column insulators shall be designed to have ample
insulation, mechanical strength and rigidity for the conditions under which they will be used.

Porcelain used shall be homogenous, 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. Hollow porcelain should be in one integral piece
in green & fired stage.

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

When operating at normal rated voltage there shall be no electric discharge between
conductor and insulators which would cause corrosion or injury to conductors or when
operating at normal rated voltage.

The design of the insulator shall be such that stresses due to expansion and contraction in
any part of the insulator shall be lead to deterioration. All ferrous parts shall be hot dip
galvanised.
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3.19.1

3.19.2

3.193

3.194

3.19.5

3.19.6

Bushing porcelain shall be robust and capable of withstanding the internal pressures likely to
occur in service. The design and location of clamps, the shape and the strength of the
porcelain flange securing the bushing to the tank shall be such that there is no risk of
fracture. All portions of the assembled porcelain enclosures and supports other than gaskets,
which may in any way be exposed to the atmosphere shall be composed of completely non
hygroscopic material such as metal or glazed porcelain.

All iron parts shali be hot dip galvanised and all joints shall be air tight. Surface of joints
shall be trued, porcelain parts by grinding and metal parts by machining. Insulator/ bushing
design shall be such as to ensure a uniform compressive pressure on the joints.

Insulator shall also meet requirement of IEC - 815 as applicable, having alternate long &
short sheds.

CONTROL CABINETS, JUNCTION BOXES, TERMINAL BOXES & MARSHALLING
BOXES FOR OUTDOOR EQUIPMENT.

All types of control cabinets, junction boxes, marshaling boxes, lighting panels, terminal
boxes, operating mechanism boxes, Kiosks etc. shall generally conform to 1S:5039, 1S:8623
and [EC:439 as applicable.

Mechanism Box/ Control Cabinet/ Kiosks: A sheet steel (atleast 2.5 mm thick), dust and
vermin proof M.Box/CCC/CMB shall be provided with proper lighting and thermostatically
controlled space heaters. The degree of protection shall be IP 55. One dummy terminal block
in between each trip wire terminal shall be provided. At least 20% spare terminals shall be
provided on each panel. The gasket used shall be of neoprene rubber.

Painting of boxes shall be as follows,

e External surface :  Chemical resistant epoxy zinc phosphate primer, MIO
(Micaceious iron oxide) as intermediate paint followed by
polyurethane finish paint (RAL 5012 Blue)

¢ Internal surface 1 Chemical resistant epoxy zinc phosphate primer followed by
chemical & heat resistant epoxy enamel white paint.

Junction Boxes: The junction boxes shall be made of minimum 2 mm thick sheet steel.
Gland plates shall be removable type and made of 3 mm thick sheet steel. The boxes shall be
provided with detachable cover or hinged door with captive screws. Top of the box shall be
arranged to slope towards the rear of the box. The box shall be hot dip galvanised and shall
be provided with suitable neoprene gaskets to achieve requisite degree of protection.
Adequate spacing shall be provided to terminate the external cables. The boxes shall be
suitable for mounting on various types of steel structures. The terminal blocks provided shall
be of 650 V grade, rated for 10 A for control cables. Suitable numbering for terminal blocks
shall be done. In case of junction box for power cable, the box shall be rated for maximum
current carrying capacity. Terminal blocks shall be of one piece, Klippon RSF-1 or ELMEX
CSLT-1 type with insulating barriers.

The cabinets/boxes/kiosks/panels shall be free standing or wall mounting or pedestal
mounting type. They shall have hinged doors with padlocking arrangement. All doors,
removable covers and plates shall be gasketed all around with neoprene gaskets.

The degree of protection of of all the outdoor boxes shall not be less than IP S5 as per IS
2147.

The cable entry shall be from bottom, for which removable gasketed cable gland plates shall
be provided.
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Suitable 240V, single phase, S0Hz ac heaters with thermostats controlled by switch and fuse
shall be provided to maintain inside temperature 10deg. above the ambient.

The size of enclosure and the layout of equipment inside shall provide generous clearances.
Each cabinet/box/kiosk/panel shall be provided with a 15A, 240V ac, 2 pole, 3 pin industrial
grade receptacle with switch. For incoming supply, MCB of suitable rating shall be
provided. Illumination of each compartment shall be with door operated incandescent lamp.
All control switches shall be of rotary switch type.

Each cabinet/box/kiosk/panel shall be provided with two earthing pads to receive
75mmx12mm GS flat. The connection shall be bolted type with two bolts per pad. The
hinged door shall be connected to body wusing flexible wire. The
cabinets/boxes/kiosks/panels shall also be provided with danger plate, and internal wiring
diagram pasted on inside of the door. The front label shall be on a 3mm thick plastic plate
with white letters engraved on black background

TERMINAL BLOCKS

They shall be non-disconnecting stud type of extensible design equivalent to Elmex type
CAT-M4.

The terminal blocks shall be of 650 V grade, and rated to continuously carry maximum
expected current. The conducting part shall be tinned or silver plated.

They shall be of moulded, non-inflammable thermosetting plastic. The material shall not
deteriorate with varied conditions of temperature and humidity. The terminal blocks shall be
fully enclosed with removable covers of transparent, non deteriorating plastic material.
Insulating barriers shall be provided between the terminal blocks so that the barriers do not
hinder the wiring operation without removing the barriers.

The terminals shall be provided with marking tags for wiring identification.

Unless otherwise required (expected current rating) or specified, terminal blocks shall be
suitable for connecting the following conductors on each side:

AllCT & VT circuits - Min, four 2.5 sq.mm. copper flexible conductor

AC & DC power supply -Two 16 sq.mm. Aluminium conductor

Other control circuits - Min. two 2.5 sq.mm. copper flexible conductor.

The terminal blocks for CT and VT secondary leads shall be provided with test links and
isolating facilities. CT secondary leads shall also be provided with short circuiting and
earthing facilities.

Wiring

All wiring shall be carried out with 1100 V grade stranded copper wires. The minimum size
of the stranded conductor used for internal wiring shall be as follows:

a)  All circuits except CT circuits 2.5 sq.mm

b)  CT circuits 4 sq. mm (minimum number of strands shall be 3 per conductor).

All internal wiring shall be securely supported, neatly arranged readily accessible and
connected to equipment terminals and terminal blocks.

Wire terminations shall be made with solderless crimping type of tinned copper lugs which
firmly grip the conductor and insulation. Insulated sleeves shall be provided at all the wire
terminations. Engraved core identification plastic ferrules marked to correspond with the
wiring diagram shall be fitted at both ends of each wire. Ferrules shall fit tightly on the wires
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3.214

3.21.5

3.22

3.22.1

3.22.2
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3.4

34.1

342

343

3.5

35.1

shail not fall off when the wires and shall not fall off when the wire is disconnected from
terminal blocks.

All wires directly connected to trip circuit breaker shall be distinguished by the addition of a
red coloured unlettered ferrule. Number 6 & 9 shall not be included for ferrules purposes.
All terminals including spare terminals of auxiliary equipment shall be wired upto terminal
blocks. Each equipment shall have its own central control cabinet in which all contacts
including spare contacts from all poles shall be wired out. Interpole cabling for all
equipment’s shall be carried out by the Contractor.

CABLE GLANDS AND LUGS

Cable glands shall be Double compression type, tinned/Nicked plated (coating thickness not
less than 20 microns in case of tin and 10 to 15 microns in case of nickel) brass cable glands
for all power and control cables. They shall provide dust and weather proof terminations.
They shall comprise of heavy duty brass casting, machine finished and tinned to avoid
corrosion and oxidation. Rubber components used in cable glands shall be neoprene and off
tested quality. Required number of packing glands to close unused openings in gland plates
shall also be provided.

The cable glands shall be tested as per BS:6121. The cabie glands shall also be duly tested
for dust proof and weather proof termination.

Cables lugs for power cables shall be tinned copper solder less crimping type conforming to
1S:8309 and 8394 suitable for aluminum or copper conductor (as applicable). Cabie lugs and
ferrules for control cables shall be tinned copper type. The cable lugs for control cables shall
be provided with insulating sleeve and shall suit the type of terminals provided on the
equipmentsThe cable lugs shall suit the type of terminals provided. The cable lugs shall be
of Dowell make or equivalent.

CONDUITS, PIPES AND ACCESSORIES

The bidder 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 reduces, enlargers, wooden plugs, coupling caps, nipples, gland sealing fittings, pull
boxes, etc.

Rigid conduits shall be flow-coat metal conduits of Nagarjuna Coated Tubes or equivalent
make. The outer surface of the conduits shall be coated with hot-dip zinc and chromate
conversion coatings. The inner surface shall have silicone epoxy ester coating for easy cable
pulling. Mild steel pipes shall be hot-dip galvanised. All rigid conduits/ pipes shall be of a
reputed make.

Flexible conduits shall be heat-resistant iead coated steel, water-leak, fire and rust proof, and
be of PLICA make or equivalent.

MOTOR CONTROL CENTRE

The 415 Volt motor control centres (if provided separately) shall conform to the requirements
for boxes/cabinets/kiosks. They shall be fixed type, shall be fully sectionalised and shall be
equipped with load break switches. Motor feeders shall be provided with isolating switch
fuse unit and Contractor with thermal overload relay and single phase protection. The motor
Contractor shall have one normally open auxiliary contact for alarm purposes. The motor
control circuit shall be independent from all other control circuits.
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3.5.2 Isolating Switches
The incoming power supply isolating switch operation handle shall be interlocked with the
control cabinet door as to prevent opening of door when main switch is closed. Device for
by passing the door interlock shall also be provided. Switch handle shalil have provision for
locking in both fully open and fully closed positions.

3.5.3 Fuses

All fuses shall be of the HRC cartridge type, conforming to IS: 2208 and suitable to mount
on plug-in type of fuse bases. Fuses shall be provided with visible operation indicators to
show that they have operated. All accessible live connections shall be adequately shrouded,
and it shall be possible to change fuses with the circuit alive, without danger of contact with
live conductor. Insulated fuse pulling handle shall be supplied with each control cabinet.

3.6 MOTORS

3.6.1 Motors shall be “Squirrel Cage” three phase induction motors of sufficient size capable of
satisfactory operation for the application and duty as required for the driven equipment and
shall conform to type tests and shall be subjected to routine tests as per applicable standards.

3.6.2 Enclosures

a)

1739434/2026/TBG-TBG_ENGG
b)

c)

For motors to be installed outdoor, the motor enclosure shall have degree of protection
IP: 55. For motors to be installed indoor, i.e. inside a box, the motor enclosure shall be
dust proof equivalent to IP: 54.

Two independent earthing points shall be provided on opposite sides of the motor for
bolted connection of earthing conductor.

Motors shall have drain plugs so located that they will drain water resulting
condensation or other causes from all pockets in the motor casing,

363 Operational Features :

aj
b)

Continuous motor ratings (name plate rating) shall be at least suitable for the driven
equipment at design duty operating point of driven equipment that will arise in service.
Motors shall be capable of giving rated output without reduction in the expected life
span when operated continuously in the given system.

3.64 Starting Requirements

a)

b)

d)

e)

Section-3

All induction motors shall be suitable for full voltage direct on-line starting. These shali
be capable of starting and accelerating to the rated speed alongwith the driven
equipment without exceeding the acceptable winding temperature even when the
supply voltage drops.

Motors shall be capable of withstanding the electrodynamic stresses and heating
imposed if it is started at a voltage of 110% of the rated value.

The locked rotor current shall not exceed six(6) times the rated full load current for all
motors subject to tolerance given in 1S:325.

Motors when started with driven equipment imposing full staring torque and supply
voltage conditions specified shall be capable of withstanding at least two successive
starts from cold condition at room temperature and one start from hot condition without
injurious heating of winding. The motors shall also be suitable for three equally spread
starts per hour under the above referred supply condition.

The locked rotor withstand time under hot condition at 110% of rated voltage shall be
more than starting time with the driven equipment of minimum permissible voltage by
a least two seconds or 15% of the accelerating time whichever is greater. In case it is
not possible to meet the above requirement, the Contractor shall offer centrifugal type
speed switch mounted on the motor shaft which shall remain closed for speeds lower

Page 22 of 25

File No. TBG-TBMMOPROC/1/2026-TBG-TBMM_PUR (Computer No. 270323)
Generated from eOffice by Piyush Kumar Mishra, SM(PKM)-TBG-MM-TBG, SM, BHARAT HEAVY ELECTRICAL LTD on 24/01/2026 04:02 pm



PROJECT: 400/220kV Switchyard for North Karanpura Super TPP (3x660MW)
CUSTOMER: NTPCLTD.

Technical Specification TB-316-369-006
Section-3: Project Details and General Specification

than 20% and open for speeds above 20% of the rated. The speed switch shall be
capable of withstanding 120% of the rated speed in either directions of rotation.

3.6.5 The maximum permissible temperature rise over the ambient temperature shall be within the
limits specified in IS: 325 (for 3 phase induction motors) after adjustment due to increased
ambient temperature specified.

36.6 The double amplitude of motor vibration shall be within the limits specified in 1S:729.
Vibration shall also be within the limits specified by the relevant standard for the driven
equipment when measured at the motor bearings.

3.6.7 All the induction motors shall be capable of running at 80% of rated voltage for a period of 5
minutes.

3.7 AUXILIARY SWITCH

The auxiliary switch shall conform of following type tests:

a) Electrical endurance test - A minimum of 1000 operations for 2A. D.C. with a time constant
greater than or equal to 20 milliseconds with a subsequent examination of mV drop/ visual
defects/ temperature rise test.

b) Mechanical endurance test - A minimum of 5000 operations with a subsequent checking of
contact pressure test/ visual examination

1739434/2026/TBG-TBG_ENGG ~ ¢) Heat run test on contacts
d) IR/HV test, etc.

3.8 LAMPS AND SOCKETS

3.8.1 Lamps:
All incandescent lamps shall use a socket base as per 1S-1258, except in the case of signal
lamps.

382 Sockets
All sockets (convenience outlets) shall be suitable to accept both 5 Amp & 15 Amp pin round
Standard Indian plugs. They shall be switched sockets with shutters.

383 Hand Lamp:

A 240 Volts, single Phase, 50 Hz AC plug point shall be provided in the interior of each
cubicle with ON-OFF Switch for connection of hand lamps.

3.9 SWITCHES & FUSES:

Each control panel shall be provided with necessary arrangements for receiving, distributing,
isolating and fusing of DC and AC supplies for various control, signaling, lighting and space
heater circuits, The incoming and sub-circuits shall be separately provided with switch-fuse
units. Selection of the main and sub-circuit fuse ratings shall be such as to ensure selective
clearance of sub-circuit faults. Potential circuits for relaying and metering shall be protected by
HRC fuses.

All fuses shall be of HRC cartridge type conforming to IS 9228 mounted on plug-in type fuse
bases. Miniature circuit breakers with thermal Protection and alarm contacts will also be
accepted. All accessible live connection to fuse bases shall be adequately shrouded. Fuses
shall have operation indicators for indicating blown fuse condition. Fuse carrier base shall have
imprints of the fuse rating and voltage.

All control switches shall be of rotary type. Toggle/piano switches shall not be accepted.
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3.10

3.11

1739434/2026/TBG-TBG_ENGG

3.12

o

TYPE, ROUTINE & ACCEPTANCE TESTS:

All equipments to be supplied shall be of type tested design. During contract stage, bidder
shall submit for Owner’s approval the reports of all the type tests listed in this specification
and carried out within last ten years from the date 28.11.2013. These reports should be for the
test conducted on the equipment similar to those proposed to be supplied under this contract
and the tests should have been either conducted at an independent laboratory or should have be
witnessed by a client.

However if contractor is not abie to submit report of the type tests conducted within ten years
from the date 28.11.2013 or in the case of type test reports are not found to be meeting the
specification requirements, the bidder shall conduct all such tests under this contract at no
additional cost to the owner either at third party lab or in presence of client/ owners
representative and submit the reports for approval.

All acceptance and routine tests as per the specification and relevant standards shall be carried
out. Charges for these shall be deemed to be included in the equipment price.

CORONA AND RIV TESTS AND SEISMIC WITHSTAND TEST:

a) The corona (for 400kV only) and RIV tests shall confirm to the requirements as per
Annexure A.

b) The seismic withstand test for 400kV shall conform to requirements as per Annexure
B.

Enclosures:

ANNEXURE- A - CORONA AND RADIO INTERFERENCE VOLTAGE (RIV) TEST
ANNEXURE- B - SEISMIC WITHSTAND TEST

ANNEXURE- 1 - MQP (NTPC format)

ANNEXURE- I - QUALITY ASSURANCE FOR SWITCHYARD
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CLAUSE NO.

idder’ o 3R
Bidder's Name ........ccccocovvevvrennnne. NTPC

e
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1.00.00

2.00.00
2.01.00

53.000

SUB-SECTION - |
TECHNICAL INFORMATION AND DATA
TO BE SUBMITTED
WITH THE PROPOSAL

Bidder shall give the details of his previous experience for the similar supplies made
by him till this date.

TECHNICAL LITERATURE

The following technical particulars shall be submitted by the Bidder alongwith his
proposal as separate appendices to the proposai:

a) Type test certificate for cables including those for FRLS properties.
TECHNICAL DATA

The following technical data shall be submitted by the bidder for each type and size
of the cable, alongwith his proposal:

1. Make

Country of Manufacturer

Type Designation

Applicable Standard

Cable size OO

Rated voltage e

N o s @ N

Continuous current rating for max. conductor
temperature:

a. When laid in air at an ambient
temp. of 50 °C

b. When buried in soil having thermal
resistivity of 150 °C Cm/W
at a depth of 1000 mm in ground
amb. Temp. of 40 °C.

8. Short circuit withstand capacity and duration for

NORTH KARANPURA STPP TECHNICAL DATA SHEETS DB17:LT POWER POST BID PAGE
(3X660 MW) SECTION - VI foFe (o
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CLAUSE NO- Bidder’s Name ............. cermrnae R tﬂ.ra,?g
a. Conductor
b. Armour
9. Conductor
a. Material
b. Nominal cross section area
in sq. mm. T e e e e
c. Max. D. C. resistance at 20 °C
10. Insulation
a. Material
b. Nominal thickness (in mm)
I739434/2026/TBG_WBG_ENGG c. Identification of cores
11. Material and Type of filler material (if required)
12. Material and Type of inner sheath (if required) L et s
13. Armour
a. Material & shape
14. Outer sheath
a. Material
b. Colour
15. Qverall dia. of cable (in mm)
16. Weight per 1000 metre (in Kg.)
17. Standard drum length offered
SUB-SECTION -1i
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CLAUSE NO.

Bidder’'s Name m

1.0

11
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TECHNICAL INFORMATION & DATA TO BE
SUBMITTED AFTER THE AWARD OF CONTRACT

The following Technical Data, Drawings & Test certificates shall be submitted by
successful bidder. The actual schedule of submission of these data/drawings/test
reports shall be mutually discussed and agreed to between the Employer and
successful bidder before the issue of Award of contract.

Technical Particulars and Drawings

a) Sectional drawings of cables

b) Approx. weight of metallic and non metallic
items of each cable size

- Metallic (Kgs/Km)
- Non Metallic (Kgs/Km)

c) Rating factors for variation
in ambient air temp

d) Rating factors for variation in amb.
ground temp

e) Rating factors for variation in depth
of laying in ground

1j] Rating factors for variation in thermal
resistivity of soil

9) Grouping factors for cables faid in
open air racks

h) Grouping factors for cables laid in built
Up concrete trenches with restricted
air circulation

i) Grouping factors for cables laid in ground

i) Particulars of cable drums

k) Grouping factors for cables laid
in ducts/pipes

NORTH KARANPURA STPP TECHNICAL DATA SHEETS DB17:LT POWER POST BID PAGE
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CLAUSE NO.
Bidder's Name .........cccceeeverevcnnenene

1.2 Test Certificates

Complete test reports including type
tests, routine tests and acceptance
tests.

1.3 Instruction manual for storage for
prolonged duration, unpacking, handling
at site, erection, pre-commissioning test etc.

1.4 Technical Data

1.4.1 The following technical data shall
be submitted by the contractor for
each type and size of the cable for
employer's approval.

1. Make

2. Country of manufactuer

1739434/2026/TBG-TBG_ENGG 3. Type designation
4. Applicable standard

5. Cable size (No. of cores x mm?)

6. Rated voltage

7. Continuous current rating for
maximum conductor temp. when
laid in air at ambient of 50 °C

a) When metallic armour
is earthed at one end (amps)

b) For unarmoured
Cables (Amps)

8. Continuous current rating for max.
conductor temp. when buried in

soil having thermal resistivity of

150 °C Cm/N at a depth of

1 mt. at ground ambient temp.
of40°C.

a) When armour is
earthed at one end (Amps)

NORTH KARANPURA STPP TECHNICAL DATA SHEETS
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CLAUSE NO.
Bidder's Name ...........cccoevvnivenanens w
b) For unamoured
Cables (Amps)
9.Short circuit withstand capacity
and duration for
a) Conductor
b) Armour :
10. Conductor
a) Material
b) Grade
c) Nominal cross sectional
area (Sq. mm)
d) Number and diameter of wires
Before compacting of conductor
Strands
1739434/2026/TBG-TBG_ENGG i) No. of wires (min.)
ii) Dia. Of each wire in mm (min.):
€) Shape of conductor e e aaa e
f) Diameter over conductor (mm)
i)  Fictitious
(as per IS 10462 (part-1-1883)
ii) Approximate
g) Direction of lay of stranded layer
h) Conductor resistance (DC)
at 20 °C ohm/Km (max)
11. Conductor resistance {AC)
a) at 20 °C ohm/Km
b) at 90 °C in ohm/Km
(for XLPE Cables)
c) at 70 °C. in ohms/KM
(for PVC Cables)
NORTH KARANPURA STPP TECHNICAL DATA SHEETS DB17:LT POWER POSTBID | PAGE
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CLAUSE NO, E:
Bidders Name ..........cccoecvecnnnnennes W
12. Reactance per phase at
50 Hz in ohm/km
13. Capacitance at 50 hz in micro
Farads/Km
14. Insulation
a) Material and Type of insulation
b) Nominal thickness of
insulation (mm)
c) Tolerance on thickness of
insulation (mm)
d) Filled or unfilied (for XLPE only)
e) Type of curing (for XLPE only)
f) Min. volume resistivity at
- 27 °C (Ohm-cm)
1739434/2026/TBG-TBG_ENGG
- 70 °C (Ohm-cm) (for PVC only)
- 90 °C (Ohm-cm (for XLPE only)
a) Identification of cores
15. inner sheath
a) Material and Type
b) Diameter over the laid
up cores (mm)
i) Caleulated
(By fictitious Calculations
as per IS 10462 (part-1) 1983)
ii) Approximate
c) Thickness of inner
sheath (Min) (mm)
d) Colour ofinner sheath 1
c) Tolerance in thickness of
Inner sheath (mm)
NORTH KARANPURA STPP TECHNICAL DATA SHEETS DB17:LT POWER POST BID PAGE
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CLAUSE NO.
Bidder's NAmMe .........c.evenevrreerens e
16. Material and Type of filler
17. Armour (in case of armoured cables)
a) Material and Type of armour
b) Shape :
c) Diameter of cable over inner-
sheath (underarmour) mm @
i) Calculated
(By Fictitious calculations
as per IS 10462 (part-1) 1983
i) Approximate
d) Dimension of formed
wirefwire in mm
1739434/2026/TBG-TBG_ENGG e) No. of armour formed wires/wires
f) Approx. cross sectional area
ofarmour (Sq. mm) 1
g) Max. Resistivity of armour formed wire/
wire at 20°C (ochm/km) :
h) Direction of lay of armour
18. Voltage developed in the armour
per 100 mt. run with armour
earthed at one end, when cable is
carrying (for single core cables only)
a) Rated current (Volts)
b) Short circuit current (Volts)
19. Outer sheath
a) Material and Type s
b) Diameter under the
outer sheath (mm)
i) Calculated
(By fictitious Calculations
as per IS 10462 (part-1) 1983)
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Bidder's Name ........ccccvevemenccnineneene (zggg

20.

21.
22

23.

1739434/2026/TBG-TBG_ENGG

24.

25.

26.

27.

28.

i) Approximate

) Nominal thickness of
outer sheath (mm)

d) Tolerance on Nominal
thickness of outer sheath (mm)

€e) Colour of outer sheath
Guaranteed value of min. oxygen index
of outer sheath :

Max. acid gas generation by weight (%):
Maximum smoke density rating (%)

a)Overall diameter
of cable (mm) :

b)Tolerance on overall
diameter (mm) :
Weight per 1000 mtrs (Kg)

Recommended min. installation
radius (mm)

Safe pulling force when pulled by
pulling eye on the conductor (N)

Cable Drums

a) Type (Wooden/steel)

b) Dimensions (Approx)
i) Flange diameter (mm) F N
ii) Barrel diameter (mm) T TR
iii) Traverse (mm)

Weight of cable drum with
cable (Kgs) :
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Bidder’'s Name .........cccevvcvvvvemcnenses

with tolerance) (m) (%)

1739434/2026/TBG-TBG_ENGG

29. Max./standard length per drum
for each size of cable (single length
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CLAUSE NO. . , oadas
Bidder's Name .........coccveiiinnaes NTPC
TECHNICAL DATA SHEETS
SUB-SECTION TITLE

TECHNICAL INFORMATION & DATA TO BE
SUBMITTED WITH THE PROPOSAL

TECHNICAL INFORMATION AND DATA TO BE
SUBMITTED AFTER THE AWARD OF CONTRACT

NORTH KARANPURA STPP

(3X660 MW)

EPC PACKAGE

TECHNICAL DATA SHEETS DB18: LT CONTROL CABLE PAGE
SECTION - Vi 10F9
PART-G
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CLAUSE NO. . , m
Bidder's Name ......cccocevvvminernnnnns NTRPC
SUB-SECTION -1
TECHNICAL INFORMATION AND DATA
TO BE SUBMITTED WITH THE PROPOSAL
1.00.00 Bidder shall give the details of his previous experience for the similar supplies made
by him till this date.
2.00.00 TECHNICAL LITERATURE
2.01.00 The following technical particulars shall be submitted by the Bidder alongwith his
proposal as separate appendices to the proposal:
a) Type test certificates for cables inciuding those for FRLS properties.
3.00.00 TECHNICAL DATA
BG_ENGG The following technical data shall be submitted by the bidder for each type and size
of the cable, alongwith his proposal:
1. Make
2. Country of Manufacturer
3. Type Designation
4, Applicable Standard
5. Cable size
6. Rated voltage et e e e e e
7. Continuous current rating for max. conductor temperature:
a. When laid in air at an ambient
temp. of 50°C e
b. When buried in soil having thermal
resistivity of 150 ° C Cm/W
at a depth of 1000 mm at ground
amb. Temp. of 40 ° C.
8. Short circuit withstand capacity and duration for
a. Conductor
b. Armour
NORTH KARANPURA STPP TECHNICAL DATA SHEETS DB18: LT CONTROL CABLE|  PAGE
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CLAUSENO- 1 Bidder's Name «.....ovvvvvveerrerrene ‘g.rag"’g
9. Conductor
a. Material
b. . Nominal cross section area
in sq. mm.
c. MaximumD. C.resistance at20°C 1 ...
10. Insulation
a. Material
b. Nominal thickness (in mm)
c. Identification of cores
11. Material and Type of filler material
12. Material and Type of inner sheath material
1739434/2026/TBG-TBG_ENGG 13 Armour
a. Material type
14. Outersheath
a. Material
b. Colour
15. Overall dia. of cable (in mm)
16.  Weight per 1000 metre (in Kg.) 1 e
17. Standard drum length offered
NORTH KARANPURA STPP TECHNICAL DATA SHEETS DB18: LT CONTROL CABLE |  PAGE
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CLAUSE NO.

Bidder’'s Name m

1739434/202 6/TBG-'|J

1.0

1.1

BG_ENGG

SUB-SECTION -1II
TECHNICAL INFORMATION & DATA TO BE

SUBMITTED AFTER THE AWARD OF CONTRACT

The following Technical Data, Drawings & Test certificates shall be submitted by
successful bidder to the employer. The actual schedule of submission of these
data/drawings/test reports shall be mutually discussed and agreed to between the
Employer and successful bidder before the issue of Award of contract.

Technical Particulars and Drawings

a) Sectional drawings of cables
b) Core identification details of control cables
c) Approx. weight of metallic and non metallic

items of each cable size.
- Metallic (Kg/Km)
- Non Metallic (Kg/Km)

d) Rating factors for variation
in ambient air temp

e) Rating factors for variation in
in ambient ground temp

f) Rating factors for variation in depth
of laying in ground

Q) Rating factors for variation in thermal
resistivity of soil

h) Grouping factors for cables laid in
open air racks

i) Grouping factors for cables laid in built
up concrete trenches with restricted
air circulation

I Grouping factors for cables laid
in ground
k) Grouping factors for cables laid in
ducts/pipes
NORTH KARANPURA STPP TECHNICAL DATA SHEETS DB18: LT CONTROL CABLE |  PAGE
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Bidder's Name ........cc.ocovvvvaemrencnnne

NTPG

12

1.3

14

1.4.1

1739434/2026/TBG-TBG_ENGG

4.
5.

6.

Test Certificates

Complete test reports including type
tests, routine tests and acceptance
tests.

instructional manual for storage for
prolonged duration, unpacking, handling
at site, erection, pre-commissioning test etc.

Technical Data
The following technical data shall
be submitted by the contractor for

each type and size of the cable for
Employer’s approval.

Make

Country of manufacturer e

Type designation

Applicable standard

Cable size (No. of cores x mm2)
Rated voltage

Continuous current rating for
maximum conductor temp. when
laid in air at ambient of 50° C

a) When armour
is earthed at one end (amps)

b) For unarmoured
Cables (Amps)

8. Continuous current rating for max.
conductor temp. when buried in
soil having thermal resistivity of
150 ° C CnVN at a depth of
1 m at ground ambient temp.
of 40 °C.

a) When armour is

earthed at one end (Amps) U

b) For unarmoured

Cables (Amps) e

NORTH KARANPURA STPP TECHNICAL DATA SHEETS DB18: LT CONTROL CABLE

(3X660 MW) SECTION - VI
EPC PACKAGE PART-G
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CLAUSE NO. . e oadER
Bidder's Name ........ccccorvvriminvansnnn. NTPC
9. Conductor
a) Material
b) Grade
c) Nominal cross sectional
area (Sq. mm)
d) Number and diameter of wires
before compacting of conductor
strands
i} No. of wires {(min.)
ii) Dia. of each wires in mm (min.) e e
e) Shape of conductor
f) Diameter over conductor {mm)
I739434/2026/TBG—'I18G_ENGG |) FiCtitiOUS
(as per IS 10462 (part-1)-1983)
iiy Approximate
ag) Direction of lay of stranded layer
h) Conductor resistance (DC)
at 20 deg. C ohm/Km (max)
10. Conductor resistance (AC)
a) at 20 deg. C ohm/Km
b) at 70 deg. C. in ohms/Km
1. Reactance per phase at
50 Hz in ohm/km
12. Capacitance at 50 Hz in micro
Farads/Km
13. Insulation
a) Material and Type of insulation
b) Nominal thickness of insulation {(mm) e
NORTH KARANPURA STPP TECHNICAL DATA SHEETS DB18: LT CONTROL CABLE | PAGE
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CLAUSE NO. . , m
Bidder's Name .........ccccveaenermnnnnnne NTPC
c) Tolerance on thickness of
insulation (mm)
e) Min. volume resistivity at
20 deg. C (Mega Ohm/Km)
f) ldentification of cores L e s
14. innersheath
a) Material & Type
b) Diameter over the laid up cores (mm)
iy Calculated
(By fictitious Calculations as per IS 10462 (part-1) 1983)
ii) Approximate
c) Thickness of innersheath (Min) (mm)
d) Colour of sheath
1739434/2026/TBG-TBG_ENGG
e) Tolerance in thickness of
Inner sheath (mm)
15. Material and Type of filler
16. Armour (in case of armoured cables)
a) Material and Type of armour
b) Shape :
c) Diameter of cable over inner-
sheath (under armour) mm e
i) Calculated
(By fictitious calculations as per iS 10462 (part-1) 1983)
ii) Approximate U
d) Dimension of formed wire/wire in mm
€) No. of armour formed wires/wires
f) Approx. cross sectional area
of armour (Sq. mm) IO U
NORTH KARANPURA STPP TECHNICAL DATA SHEETS DB18: LT CONTROL CABLE| PAGE
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Bidder's Name .........cceeceeveenncenans

NTPGC

1739434/2026/TBG-T

17.

BG_ENGG

18.

19.

20.

21.

22,

23.

24.

g) Max. Resistivity of armour formed wire/wire
at 20 deg. C (ohm/km)

h) Direction of lay of armour

Outersheath

a) Material and type

b) Diameter under the sheath (mm) D .

i) Calculated :

(By fictitious Calculations as per IS 10462 (part-1) 1983)

ii) Approximate
c) Nominal thickness of sheath (mm)

d) Tolerance on Nominal
thickness of outer sheath (mm)

e) Colour of outer sheath

Guaranteed value of min. oxygen index
of outer sheath

Max. acid gas generation by weight (%)
Maximum Smoke Density rating (%)

a) Approx. overall diameter
of cable (mm)

b) Tolerance on overall diameter (mm)

Weight per 1000 mrs (Kg) with a
tolerance of + 10%

Recommended min. installation
radius (mm)

Safe pulling force when pulled by

25. Cable Drums

pulling eye on the conductor (N)

a) Type (Wooden/steel)

b) Dimensions (Approx)

NORTH KARANPURA STPP

(3X660 MW)
EPC PACKAGE

TECHNICAL DATA SHEETS
SECTION - V)
PART-G

DB18: LT CONTROL CABLE

PAGE
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CLAUSE NO.

Bidder's Name ...c.cocevvreriennrvacnann -

26.

27.

1739434,/2026/TBG-TBG_ENGG

i) Flange diameter (mm)
ii) Barrel diameter (mm)
iil) Traverse (mm)

Weight of cable drum with
cable (Kg) :

Max./standard length per drum
for each size of cable (single length
with tolerance) (m) (%)

NORTH KARANPURA STPP
(3X660 MW)

EPC PACKAGE

TECHNICAL DATA SHEETS
SECTION - VI
PART-G

DB18: LT CONTROL CABLE
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File

Project: 400/220 kV Switchyard Package at North Bharat Heavy Electricals Limited
Karanpura STPP (3 X 660 MW) — ICT-2 Package Document No. TB-369-510-011A
Customer: NTPC Ltd.

Technical Specification: 1.1 kV Aux Power & Control Cables

SECTION-5

CHECK LIST FOR INFORMATION TO BE FURNISHED WITH OFFER RETURN THIS
CHECKLIST AS PART OF THE OFFER DULY SIGNED

The offer may not be considered if the following information and this Checklist are not enclosed with the Offer.
BHEL ENQUIRY. NO:
BIDDER OFFER REFERENCE:

A)
1) (2) 3) 4) 5)
S.No. | Parameters Data Yes/No | Remarksin
case reply in
Col (4) is NO

1.0 Applicable Standard | Latest IS -1554, 5831, 8130,
7098, 3975, 613, ASTM-
D2843, ASTM-D2863,
IEC60754, IEC60332,
1S3961, 1S 10418,
SS4241475, NEMA WC-70,
IEEE-383;-For-screened
cablesstandards-mentioned

2.0 Type FRLS

3.0 Construction feature
for PVC Control and
Aux Power cable

3.1a | Material of Conductor | Plain Annealed, High
for Control cables Conductivity, Stranded,
untinned Copper, Grade EC

forSereened-Cable | bare-copper-Electrolytic

{nom)
3.2 Material of Conductor | Stranded Aluminium, Grade
for Power cables H2 /H4
3.3 Conductor Insulation As per Annexure-1A, Section-
for Control and Power |1

cables

for Screened Control | (Insulation Thickness
Cable suitable for 1.1kV Voltage

SECTION-5, CHECKLIST, Page 1 of 4
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Project: 400/220 kV Switchyard Package at North Bharat Heavy Electricals Limited
Karanpura STPP (3 X 660 MW) — ICT-2 Package Document No. TB-369-510-011A
Customer: NTPC Ltd.
Technical Specification: 1.1 kV Aux Power & Control Cables
@) 3 (©) (4) (5)
S.No. | Parameters Data Yes/No | Remarksin
case reply in
Col (4) is NO
B—Overallcable-assembly
ielding .
Sln_elelmg 55.“"8'9"
37c e \Wire f - l.ll."flé'l'ess (“"“)”
Cable FStrand 20-AWG
{0.51sg.mm) annealed
Fin-coated-copper
3.5 Inner sheath Extruded PVC, Type ST-1
3.6a | Armouring for Control | Galvanised Steel Round wire
Cables /formed wire for multicore
cables
Sereened-Control
Cable
3.7 Armouring for Aux Aluminium round wire for
Power Cables Single core
And
Galvanised Steel round
wire/formed wire for Multi-
core cables
3.8a | Outer sheath PVC extruded, FRLS, Type
ST-1, Category C2
Sereened-Control Compound-Y-ML
Cable
4.0 Construction feature
for XLPE Aux Power
cable
4.1 Material of Conductor | Stranded Aluminium, Grade
for Power cables H2 /H4
4.2 Conductor Insulation XLPE
4.3 Inner sheath Extruded PVC, Type-ST2
SECTION-5, CHECKLIST, Page 2 of 4
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Project: 400/220 kV Switchyard Package at North Bharat Heavy Electricals Limited
Karanpura STPP (3 X 660 MW) — ICT-2 Package Document No. TB-369-510-011A
Customer: NTPC Ltd.
Technical Specification: 1.1 kV Aux Power & Control Cables
1) ) ®) (4) ©)
S.No. | Parameters Data Yes/No | Remarksin
case reply in
Col (4) is NO
4.4 Armouring for Aux Aluminium round wire for
Power Cables Single core
And
Galvanised Steel round
wire/formed wire for Multi-
core cables
4.5 Outer sheath PVC extruded, FRLS, Type
ST-2, Category C2
5.0 FRLS properties of
Outer sheath
5.1 Minimum Oxygen 29
index
5.2 Minimum Temperature | 250°C
index
53 Acid gas emission Max 20% by weight
5.4 Smoke density rating Max 60%
6.0 Tolerance on overall | + 2mm
diameter
7.0 Chemicals added to Yes
outer sheath to
protect from rodent,
vermin and termite
attack
8.0 Drum lengths shall be | Yes
1000m for cables with
conductor cross
section area less than
300 sqg mm
9.0 Tolerance on total +2%
guantity
10.0 | Minimum bending 12xD
radius for multicore
cables
SECTION-5, CHECKLIST, Page 3 of 4
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File

Project: 400/220 kV Switchyard Package at North Bharat Heavy Electricals Limited
Karanpura STPP (3 X 660 MW) — ICT-2 Package Document No. TB-369-510-011A
Customer: NTPC Ltd.

Technical Specification: 1.1 kV Aux Power & Control Cables

1) ) 3) (4) ©)
S.No. | Parameters Data Yes/No | Remarksin
case reply in
Col (4) is NO
11.0 | Core Identification By colour coding as per 1S

1554 (Part-1)/ 1S 7098 Part-I
for the cables upto five (5)
cores; and for the cables with
more than five (5) cores, by
printing legible Hindu Arabic
numerals on all cores as per
Clause 10.3 of IS 1554
(Part-1).

12.0 The fillers and inner Yes
sheaths shall be of non-
hygroscopic, fire
retardant material, shall
be softer than insulation
and outer sheath shall be
suitable for the operating
temperature of the cable

B) TYPE TESTS

i) Whether valid type test reports of all the tests as per relevant IS including additional tests mentioned in
this specification, conducted earlier on identical material are available (test reports shall be of the tests
conducted not earlier than 10 (ten) years prior to the date of techno-commercial bid opening).

(YES/NO)

i) If valid type test reports are not available with bidder / test reports are not acceptable to
BHEL/Customer, then above tests shall be conducted by the bidder free of cost either at third
party lab or in presence of BHEL/NTPC representative and submit the reports for approval.

(YES)
C)
O 1@ (©),
S.No. | Description Confirmation of
Supplier

1. Bidder to confirm that at all drawings / data

sheets/QP/ valid type tests reports/ all relevant

information shall be submitted to BHEL for

organising approval of ultimate customer.
Date: Signature of the authorized representative of Bidder

Company Seal

SECTION-5, CHECKLIST, Page 4 of 4
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Indian Electrical & Electronics Manufacturar’s Association

[ ® 501, Kakad Chambers P #9122 2493 0532
' 132, Or. A. B Road, Wori, F #9122 2493 2705

i Mumbai - 400 018 mum ]
your link to electricity INDIA. s :- mt::nif-:c:gl "
Cir. No. 35/DIV/ CAB/05/ 24™ April 2018

To Members of the Cable Division, Utilities, Railways & Listed purchasing organizations

Suh: Correction in PV formulae of LT XLPE Power Cable and addition of factors for HT
XLPE Power Cables

We have recently published revised Price Variation Clause for LT&HT XLPE Power Cables
and made it effective from 1" November 2017 vide Cir. No.111/DIV/CAB/0S dated 5"
December 2017

While replying to a query of a buyer it is observed that the polymer factor for LT XLPE
Power Cables (both aluminium and copper) was incorrectly represented by Table P2.

We have now corrected the anomaly by correcting the PV formulae of LT XLPE
Aluminium and Copper Insulated Cables (S. No. D & E) by representing Polymer factor
by Table L2.

We have also worked out factors for XLPE, Copper and Steel for 3 core HT XLPE Power
Cables for 500 and 630 sq.mm.

We now enclose complete PV clause of Cable by including all the PV formulae of different
types of power cable (SI. No. A to [}, polymer factor Table L2 and updated XL4, H2 and H5
Table of factors for your perusal & record.

We request to replace PV clause of Cable already circulated vide Cir. 111/DIV/CAB/0S
dated 5" December 2017 with the enclosed PV clause in your records for future use.

d.» #r Director
Encl: as above

HEAD OFFICE - DELHI
Rishyamook Building, First Floor, BS A, Panchikulan Road, New Dethi— 110001, INDIA.
!' #91 1123363013 /14 F #9111 23363015 ¢ £ dl_'lh#iem org * W www ieema org
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Indian Electrical & Electronics Manufacturer’s Association
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IEEMA (PVC)/CABLE(R-1)/2017 Effective from: 1* November 217

Material Price Variation Clause For PVC And XLPE Insulated Cables
The Price quoted/confirmed is based on the input cost of raw materials/components as on the
date of guotation, and the same is deemed to be related to the prices of raw materials as specified
in the price variation clause given below. In case of any variation in these prices, the price payable
shall be subject to adjustment up or down in accordance with the formulae provided in this
document.
Terms used in price variation formulae:
] Price payable as adjusted in accordance with above appropriate formula (in Rs/Km)
Po Price quoted/confirmed {in Rs/Km)
ALUMINILIM

AlF Variation factor for aluminium

Al Price of Aluminiujm. This price is as applicable of first working day of the month, one
month prior to the date of delivery.

Alo Price of aluminium. This price is as applicable on first working day of the month, one
month prior to the date of tendering.

COPPER
CuF Variation factor for copper

Cu Price of CC copper rods. This price is as applicable on first working day of the month, one
month prior to the date of delivery,

Cuo Price of CC copper rods. This price is as applicable on first working day of the month, one
month prior to the date of tendering.

PVC COMPOUND

PYCc price of PVC compound. This price is as applicable on first working day of the month, one
month prior to the date of delivery.

PVCco Price of PVC compound. This price is as applicable on first working day of the month, one
month prior ta the date of tendering.

CCFAl  Varlation factar for PVC compound/Polymer for aluminum conductor cable.

CCFCu Variation factor for PVC compound/Polymer for copper conductor cable.

@ HEAD DFFICE - DELHI | page of 22
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IEEMA {PVC)/CABLE(R-1)/2017 Effective from: 1*' November 217
XLPE COMPOUND
Cc price of XLPE compound. This price is as applicable on first working day of the month, one

Ceo

KLFAL
KLFCU

STEEL

FeF

Fe\Ww

Feo

month prior to the date of delivery.

Price of XLPE compound. This price is as applicable on first working day of the month, one
month prior to the date of tendering.

Variation factor for XLPE compound for aluminum conductor cable,
Variation factor for XLPE compound for Copper conductor cable.

Variation factor for steel
Variation factor for round wire steel armouring

Price of Steel Strips/steel wire. This price is as applicable an the first working
day of the month, one month prior to the date of delivery.

Price of steel strips/steel wire. This price is as applicable on first working day of
the month, one manth prior to the date of tendering.

The above prices and indices are as published by IEEMA vide Circular reference [EEMA (PVC)/CABLE
R(1)/--/-- prevailing as on 1% working day of the month [.e. one month prior to the date of
tendering.

The date of delivery is the date on which the cable is notified as being ready for
inspection/dispatch {in the absence of such notification, the date of manufacturer's dispatch note
is to be considered as the date of delivery) or the contracted delivery date (including any agreed
extension thereto), whichever is earlier.

MNotes
(a)
(b)
(e

1.

Froatl pan ey I s L e

All prices of raw materfals are exclusive of GST amount.
All prices excluding Aluminium & Copper are as on first working day of the month.
The details of prices are as under: .

Price of Aluminium is LME average Cash SELLER Settlement price of Primary Aluminium in
USS per MT as published by London Metal Bulletin (LME) including Premium for Aluminium
Ingot in USS per MT is converted in Indian Rs,/MT.

Price of PVC Compound (in Rs/MT) is the ex-works price, as quoted by the manufacturer.
Price of XLPE Compound (in Rs/MT) is the ex-works price, as quoted by the manufacturer
Price of CC copper rods {in Rs/MT)} is ex-works price as quoted by the primary producer.
Price of galvanized steel strip / steel wire (in Rs/MT) is ex-works price as quoted by the
manufacturer for Round steel Wire and Flat steal strip {the relevant price of steel strip or
steel wire is to be selected depending upon the type of armouring of the cable).
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Price variation formulae for ‘Power Cables’
A. Aluminum conductor PVC insulated 1.1 kV power cables
P = Po + AlF (AL —Alo) + CCFAI (PVCc — PVICco) + FeF (Fe - Feo)

Forunarmourd multicore cables (without steel armour); FefF=0

Table References:

ALP Aluminium conductor in single core unarmoured & multicore cables

P1 Aluminium conductor aluminium armour in single core armoured cables
P2 PVC compaound

P3 Steel armour

B. Copper conductor PVC Insulated 1.1 kV power cables
P = Pa + CuF {Cu —Cuo) + CCFCu (PVCc — PVCco) + Fef (Fe — Feo) + AIF (Al - Alo}

For steel armoured cables; AlF =0 For aluminium armoured cables; FeF =0
For unarmoured cables; FeF, AIF=0

Tables References:

cup Copper conductor
P2 PVC compound

P3 Steel armour

Pd Aluminium armour

C. Copper conductor PVC insulated 1.1 kV control cables
P = Po + CuF (Cu — Cue) + CCFCu {PVCc-PVCco) + FeF (Fe-Feo)

For unarmoured cables; FeF =0
Tables References:

cuc Copper conductar
P5 PVC compound
P& Steel armour

D. Aluminum conductor XLPE insulated 1.1 kV power cables
P = Po + AIF (AL — Alo) +XLFAL{CC-Cco)+ CCFAI (PVCc - PVCco) + FeF (Fe - Feo)

For unarmourd multicore cables (without steel armour); FeF=0

Table References:

ALP Alurinium conductor in single core unarmoured & multicore cables

P1 Aluminium conductar aluminium armour in single core armoured cables
L2 Polymer (CCFAI)

P3 Steel armour

XLl KLPE Compound (XLFAL)

E. Copper conductor XLPE insulated 1.1 kV power cables

P =Po + CuF (Cu — Cuo) + XLFCU {CC-Cco)+ CCFCu (PVCc — PVCco) + Fef (Fe — Feo) + AIF (Al - Alo)

T T

For steel armoured cables; AIF =0  For aluminium armoured cables; FeF=0
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For unarmoured cables; FeF, AIF=0

Tables References:

Cup Copper conductor

L2 Palymer (CCFCu}

P3 Steel armour

P4 Aluminium armour
XLl ¥LPE Compound (XLFCu)

F. Copper conductor XLPE insulated 1.1 kV contral cables
P = Pg + CuF (Cu—Cug} + XLFCU {CC-Cco)+ CCFCu (PVCc-PVCco) + FeF (Fe-Fea)

For unarmoured cables; FeF=0

Table i

cuc Copper conductor
PS5 PVC compound

P& Steel armour

XL2 XLPE Compound

G. For Aluminium conductor XLPE insulated 3.3 to 33 kV power cables
P = Po + AIF (Al — Alo) + XLFAL{CC-Cco)+CCFAI { PVCc — PVCco) + FeF (Fe - Feq)

For unarmoured multicore cables (without steel armour); FeF =0

Table Refernces: .

ALP Aluminium cenductor in single core unarmoured & multicare cables

H1 Aluminium conductor + aluminium armour in single core armoured cables
H2 Polymer

H3/HS Steel armour (Flat/Round)
WL N4 XLPE Compound (Single core /Multicore)

H. Copper conductor XLPE Insulated 3.3 to 33 kV power cables
P = Po + CuF {Cu — Cua) + XLFCU {CC-Ceo)+ CCFCu ( PVCe = PVCeo) + FeF (Fe — Feo) + AIF (Al = Alo)

For steel armoured cables, AIF=0 For aluminium armoured cables; FeF =0
For unarmoured cables; FeF, AlF=0

Table References:

cup Copper conductor

H2 Polymer

H3/H5 Steel armour (Flat/Round)
H4 Aleminium armour

HL3/XL4 XLPE Compound (Single core /Multicore)

I.  Copper conductor XLPE insulated 1.0 and 1.5 kV Solar PV DC cables

P = Po + CuF [Cu—Cuo} z):_

Table CUsdc  Copper Conductor ﬂ,tﬁ
P thorized Signatory
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TABLE ALP

VARIATION FACTOR FOR ALUMINIUM (AIF}
POWER CABLES WITH ALUMINIUM CONDUCTOR
(EXCLUDING SINGLE CORE ARMOURED CABLES)

Nominal Cross 1 core 2core |  3core | 3.5 core 4 core

Sectional Area |
{in Sg. mm.)

25 0.007 0.014 0.021 . 0.028

a | o011 0.023 0.034 a 0.046

6 0.017 0.034 0.052 . 0.069

10 0.029 0053 | 0.087 E 0.116

16 0.046 0.091 0.137 - 0.183

25/16 0.073 0.146 0.219 0.262 0.292

35/16 0.101 0.202 0.302 0,345 0.404

50/25 0.137 0.273 0.410 0.478 0,547

70/35 0197 | 0395 0593 0.687 0.791

95/50 0274 | 0548 0.821 0.949 1.095

120/70 0.346 0.691 1.035 1.221 1.382

150/70 0.425 0.853 1.279 1464 |  1.706

185/95 0.533 1.070 1.605 1.861 2,140

; 225/120 0.655 1.310 1.96% 2.287 2.620

| 240/120 0.703 1.400 2.099 2.421 2.799

300/150 0.879 1.757 2.635 3.033 3.514

400/185 1.126 2.249 3374 3.873 4.498

500 1,418 2.838 4.256 = | 5675

630 1.828 3.663 5.454 - 7.326

, 800 2.340 4.679 7.018 - 9,357

| 1000 2.951 5.890 8.524 - 11.779
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TABLE CUP
VARIATION FACTOR FOR COPPER CONDUCTOR (CUF)
POWER CABLES WITH COPPER CONDUCTOR
r Nominal Cross 1 core 2 core ‘ 3 core 3.5 core 4 caore
Sectional Area (in
Sg. mm.) ‘
2.5 0.023 0.046 0.069 : 0.092
4 0.036 0.076 0.112 - 0.151
6 0.056 0.112 0.171 - 0.227
10 0.095 0.174 0.286 - 0382
16 | 0151 0.299 0.451 - _ 0.502 |
25/16 0.240 0.480 0.720 0.862 0.960 |
35/16 0.332 0.664 0.993 1.135 1329
50/25 0.451 0.898 1.348 1.572 1.799
70/35 0.648 1.299 1.950 2.260 2.602
95/50 0.901 1.802 2,700 3.121 36501
120/70 1138 | 2273 3.407 4.016 4.545
150/70 1.398 2.806 4.207 4.815 5511
185/95 1.753 3.519 5,275 6.121 7.038
225/120 2.154 4.309 6.063 7.522 8617
240/120 2.312 4,605 6.904 7.963 9,206
300/150 2.891 5,779 8.667 9.976 11.558
400/185 3.703 7.397 11.097 12.738 14.794
500 4564 9334 | 13.998 - 18.665
630 6.012 12.048 18070 - 24095 |
800 7.696 15.389 23.082 . 30775 |
1000 9.706 19.372 29.055 . 38741 |

TABLE CUsdc

VARIATIOM FACTOR FOR COPPER CONDUCTOR (CUF)
1.0 & 1.5KV Solar PY DC Cables with Copper Conductor

Cable Size in sg.mm. | Copper content in MT/km
2.5 0.023
a 0,038
6 0.058
10 0.090
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TABLE CucC
VARIATION FACTOR FOR COPPER CONDUCTOR (CUF)
CONTROL CABLES WITH COPPER CONDUCTOR
No of Cores Core size 1.5 sq mm Core size 2.5 sq mm
2 0.026 0.047
3 0.039 0.070
a4 0.052 0.094
5 0.065 0.117
6 0.078 0.141
7 0.091 0.164
8 0.110 0.182
9 0.117 0.205
10 0.130 0.235
12 0.157 0.282
14 0.183 0.329
16 0.209 0.376
18 0.246 0.410
19 0.248 0.446
20 0.260 0.456
24 0.313 0.563
27 0.352 D.634
30 0.391 0.704
37 0.483 0.869
| 44 0.573 1.033
52 0.678 1.221
| 61 0.796 1.432
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VARIATION FACTOR FOR ALUMINIUM (AIF)
ALUMINIUM ARMOURED SINGLE CORE PVC INSULATED 1.1 KV CABLES

Nominal cross sectional area Aluminium factor for Aluminium armoured cable
(in Sg.mm) with aluminium conductor
4 0.0685
b 0.0795
10 0.1017
16 0.1303
25 0.1693
35 0.2090
50 0.2597
70 0.3360
a5 0.4567
120 0.5443
R 150 0.6427
185 0.7743
240 0.9737
300 1.2582
400 1.5502
500 1.8958
630 2.3650
800 2.9306
! 1000 3.7666
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TABLE P2

VARIATION FACTOR FOR PVC COMPOUND { CCFAI/CCFCu)
PVC INSULATED 1.1 KV POWER CABLES WITH COPPER/ALUMINIUM CONDUCTOR

MNominal cross 1 core 2 core 3 core 3.5 core 4 core
Sectional Area
(in Sq. mm) |
Unarm Unarm arm Unarm arm Unarm arm Unarm arm
2.5 0.079 0125 | 0139 | 0141 | 0157 | - - 0.161 | 0.17¢9
a 0.094 0.140 | 0.156 | 0.164 | 0182 | - . 0.188 | 0.209
6 0.101 0154 | 0171 | 0179 | 0.199 . - 0.198 | 0.220
10 1 o114 0194 | 0216 | 0214 | 0238 - - 0249 | 0.277
16 0.142 0234 | 0246 | 0279 | 0.290 - - 0.328 | 0,345
25 0.171 0288 | 0303 | 0.364 | 0383 | 0422 | 0444 | 0443 | 0.466
35 0.189 0321 | 0338 | 0403 | 0429 | 0489 | 0515 | 0498 | 0.524
50 0.211 0.411 | 0433 | 0508 | 0535 | 0613 | 0645 | 0.647 | 0.681
70 | 024 - - 0.613 | 0.645 | 0.707 | 0.744 5 =
95 0.284 . . 0.795 | 0.811 | 0.908 | 0.927 “ .
120 0.339 - = 0.866 | 0.884 | 1024 | 1.045 . -
150 0.388 - - 1.070 | 1.092 | 1.28% | 1.315 - -
185 0.450 - - 1310 | 1337 | 1.499 | 1.530 - | -
225 0.521 . - 1586 | 1618 | 1840 | 1878 - -
280 0.534 - = 1649 | 1.683 | 1.990 | 2.031 - .
300 0.653 - N 2.007 | 2.048 | 2361 | 2.409 - -
400 0.770 - . 2437 | 2487 | 2616 | 2.669 5 2
500 0.936 - - 3117 | 3.181 | 3.687 | 3.762 - -
630 117 | - | - - - | - - - -
800 1.433 - - - - - - - -
1000 1.642 - |- - - - - - -
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TABLE P3

VARIATION FACTOR FOR STEEL (FeF)
PVC INSULATED 1.1 KV POWER CABLES WITH COPPER/ALUMINIUM CONDUCTOR

Nominal Cross | 2 core | Shape 3 core Shape | 3Yicore | Shape @ 4core | Shape
sectional Area
{in Sq. mm|

q 0.305 w 0.335 W - 0.363 W

6 0.348 W 0.363 w = 0.407 W
10 0.392 W 0.407 w = > 0.293 F
16 0.235 F 0.293 F - - 0.323 F
25 0.293 F 0.352 F 0.382 F 0.382 F
35 0.323 F 0.382 F 0.411 F | D.4a0 F
50 0.382 F 0.440 F 0.465 F | 0499 F
70 0.411 F 0.499 F - F | 0587 F
85 0.499 F 0.587 F 0.616 £ 0.645 F
120 0.528 F 0.616 F 0.675 F 0.731 F
150 0.587 F 0.675 F 0.731 F 0.790 F
185 0.645 F 0.761 F 0.820 F (0.879 F
240 0.731 F 0.879 F 0.937 F 0.995 F
300 0.820 F 0.966 F 1.055 F 1.113 F
400 | 0.937 F 1.083 _F 1.172 F 1231 F
500 | 1.055 F 1.231 3 1.348 F 1.406 F

l 630 1172 = R z T
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TABLE P3 (Additional)

VARIATION FACTOR FOR ROUND WIRE "W’ STEEL (FeF)
PVC INSULATED 1.1 KV POWER CABLES WITH COPPER/ALUMINIUM CONDUCTOR

MNominal Cross 2 Core 3 Core 3 .5 Core 4 Core
Sectional Area
{in sg. mm)
15 0.247 0.259 0.244
2.5 0.273 0.289 0329
4 0.305 0.335 0.363
6 0.348 | 0.363 | 0.407
10 0.392 | 0.407 | 0.533 |
16 0.439 0.523 0.014 0.573
25 0.526 0.625 0.664 - 0.685
as 0.591 0.685 0.729 0.761
50 0.661 0.7%0 0.864 1.108
70 0.745 1,122 1.200 1.256
95 1.085 1.286 1.376 1.443
120 1,147 1.386 1.479 1.562
150 1,267 1.526 1.684 2.173
185 1.403 2,090 2.315 2421
240 1.994 2.397 2.641 2.722
300 2,180 2.642 3.670 3.842
400 2.987 3.728 4,126 4,292
500 31.517 4225 5.958 6.301
630 4.774 6.018 6.737 7.141
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TABLE P4

VARIATION FACTOR FOR ALUMINIUM {AIF)

PVC INSULATED 1.1 KV POWER CABLES WITH COPPER CONDUCTOR

Nominal Cross Sectional Aluminium Factor for Aluminium armoured cable with copper
Area conductor
{in Sg. mm)
4 0.058
6 0.063
10 0.073
16 0.084
25 0.096
35 0.108
50 0.123
70 0.139
a5 0.183
120 Il 0.198
150 0.218
185 0.241
240 0.271
300 0.379
400 0.424
500 0.478
630 0.537
800 0.581
1000 0.816
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TABLE P5

VARIATION FACTOR FOR PVC COMPOUND (CCFCu)
PVC INSULAYTED CONTROL CABLES WITH COPPER CONDUCTOR

No of cores Core size 1.5 sq mm Core size 2.5 sq mm |
|
Unarm Arm Unarm Arm
2 0.118 0.121 0.125 0.139
3 0.121 0.131 0.141 0.157
4 0.137 0.152 ' 0.161 0.179
5 0.157 0.174 0.187 0.206
- 6 0.179 0.199 0.234 0.260
7 0.179 0.199 0.234 0.260
8 0.193 0.215 0.292 0.325
g 0.216 0.241 0.300 0.335
10 0.236 0.262 0.303 0.337
12 0.249 0.277 0.334 0.371
14 0.311 0.327 0.389 0.408 _
16 0.344 0.362 ~ 0.435 0.458 |
18 0.352 0.371 0.474 0.500
19 0.375 0.395 0.476 0.501
20 0.391 0.412 0.519 0.546
24 0.457 0.481 0.584 0.615
27 0.491 0.517 0.631 0.664
30 0.529 0.557 0.706 0.743
37 0.615 0.647 0.835 0.879
a4 0.739 0.778 1.019 1.026
52 0.845 0.889 1.100 1.158
61 0.952 1,002 1.246 1.312
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TABLE P&
VARIATION FACTOR FOR STEEL (FeF)
PWVC INSULATED CONTROL CABLES WITH COPPER CONDUCTOR
Noofcores | Core size Shape of Core size Shape of |
1.5 sq mm armour 2.5 sgmm armour
2 0.243 W 0.277 W
3 0.257 W 0.289 W
4 0.277 W 0.314 W
5 0.303 W 0.342 W
6 0.329 W 0379 W
7 0.329 w 0.379 W
B 0.341 w 0.456 W
9 0.383 w 0.275 F
10 0.408 W 0.325 F
12 0.289 F 0.342 F
14 0.306 F 0.360 F
16 0.317 F 0.372 F
18 0.332 F 0.350 F
19 (0.343 F 0.397 F
20 0.368 F 0.400 F
24 0.398 F 0.475 F
27 0414 F 0.478 F
30 0.425 F 0.503 F
37 0.461 F 0.548 F
44 0.507 F 0.601 F
52 0.556 F 0.641 F
G1 0.585 F 0.685 F
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TABLE P6 (Additional)

VARIATION FACTOR FOR ROUND WIRE ‘W' STEEL (FeF)
PVC INSULATED CONTROL CABLES WITH COPPER CONDUCTOR

No. of Cores Core size 1,5 sq mm Core size 2.5 sq mm
2 0.243 0.273
3 0.257 0.289
4 0.277 0.314
5 0.303 0.342
6 0.329 0.379
[ 7 0.329 | 0.379
8 0.341 | 0.456
g 0.383 0.508 |
10 0.408 | 0.535
12 0.510 0.572 |
14 0.546 0.625
16 0.581 0.660
19 0.608 0.696
24 0.714 0.819
25 0,679 0.798
27 0.732 0.837
28 0.696 0.815
30 0.758 0.881
33 0.747 0,883
37 0.320 1.217
44 0926 1.355
48 1.122 1.308
50 1.122 1.308
52 1.143 1.361
56 1.202 1.388
61 | 1.299 1.520
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TABLE L2

VARIATION FACTOR FOR POLYMER (CCFAI / CCFCu)
KLPE INSULATED 1.1 KV POWER CABLES WITH COPPER / ALUMINIUNM CONDUCTOR

Nominal | 1core | 2 core ' 3 core [ 3.5 core | 4 core

Cross
Sectional
Arta {in Unarm | Unarm | Arm | Upnarm | Arm | Unarm | Arm | Unarm | Arm
5S¢, mm)
2.5 0.055 0.163 | 0.175 | 0.166 | 0.177 - - 0.177 | 0.188
4 0075 | 0201 | 0.204 | 0205 | 0.213 - - 0218 | 0.213
6 0.085 | 0.213 | 0.234 | 0.205 | 0.230 . - 0242 | 0.232
10 0.082 | 0.252 | 0.280 [ 0.217 | 0.251 - - 0.285 | 0.298 |
16 0.089 0278 | 0.341 | 0.289 | 0.246 - - 0300 | 0.279
25 0.101 0.307 | 0.278 | 0.276 | 0.247 | 0295 | 0.264 | 0.331 | 0.290
35 0.109 0.330 0.319 0.305 0270 0.328 0.292 0.368 0.319
50 0.124 0.482 0.685 | 0.348 | 0.311 0.372 0.335 | 0422 | 0.394
70 0.146 0.354 0.335 0.469 0.397 0.489 0.420 0.528 0.4604
95 0.163 0436 | 0.388 | 0.504 | 0.441 0.544 | 0.471 | 0591 | 0.523
120 0.176 0.475 0421 0.556 0.498 0.599 | 0538 | 0.722 0.656
150 0.217 | 0.510 0.490 | 0.690 | 0.611 0.717 | 0633 | 0840 | 0.762
185 0.236 0.631 0.608 0.836 0.738 0.854 | 0.756 1.007 0.899
240 0.273 0.750 0.726 1.002 0.842 1.079 0.952 1.238 1.119
300 0.303 0.919 0.887 1.101 1.012 1170 | 1.031 1.457 1.414
400 0.372 1.0093 1.040 1.376 1.283 1.545 1.379 1778 1.626
500 0.413 1.342 - 1.568 1.400 1.806 1.456 - -
630 0.469 1.546 . % - - = a =
800 0.569 - - - - R - . -
1000 0.667 - | - - - = - 5 -
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TABLE XL1
VARIATION FACTOR FOR XLPE COMPOUND ( XLFAL/XLFCU)
XLPE INSULATED 1.1 KV POWER CABLES WITH COPPER/ALUMINIUM CONDUCTOR

Nominal cross I 1 core 2 core 3 core 3.5 core | 4 core
Sectional Area
{in Sg. mm)
Unarm Arm Unarm Arm Unarm | arm Unarm | Arm Unarm arm
2.5 0.007 0.010 0.014 0.014 | 0.021 | 0.021 0.028 | 0.028
4 0.009 0.012 0.018 0.018 | 0.027 | 0.027 0.036 | 0.036
6 0.010 0.015 0.022 0.022 | 0.033 | 0.033 0.043 | 0.043
10 0.013 0.018 0.025 | 0.025 | 0.039 | 0.039 0.053 | 0.053
16 0.016 0.023 0.034 0.034 | 0.049 | 0.049 0.065 | 0.065
25 0.021 0.030 0.048 0.048 | 0.070 | 0.070 | 0.084 | 0.084 | 0.093 | 0.093
35 0.025 0.035 0.059 0059 | 0.084 | 0.084 | 0.099 | 0095 | 0112 | 0.112
S0 0.033 0.044 0.075 0075 | 0108 | 0,108 | 0130 | 0.130 | 0.144 | 0.144
70 0.042 0.054 0.095 0.095 | 0.137 | 0.137 | 0.160 | 0.160 0179 | 0.179
95 0.048 0.062 0.110 0.110 | 0.160 | 0.160 | 0,190 | 0.190 | 0.211 | 0.211
120 0.060 0.076 0.138 0.138 | 0.200 | 0.200 | 0.239 | 0.239 | 0.266 | 0.266
150 0.078 0.095 0.180 0180 | 0.259 | 0.259 | 0.296 0.296 | 0.344 | 0344
185 0.097 0.116 0.224 0224 | 0324 | 0324 | 0369 | 0.369 | 0.430 | 0430
240 0.116 0.137 0.266 0.266 | 0388 | 0388 | 0446 | 0446 | 0518 | 0518
300 0.138 0.164 0.325 0.325 | 0.467 | 0.467 | 0540 | 0540 | 0.620 | 0.620
400 0.175 0.214 0.357 0.357 | 0536 | 0.536 | 0.619 | 0.619 0714 | 0.714
500 0.217 0.260 0.440 0.440 | 0.660 | 0.660 | 0.769 | 0.769 0.880 | 0.880
630 0.265 0.318 0.542 0.542 | 0.814 | 0.814 | 0.941 | 0.941 1.085 | 1.085
800 0.323 0.389
1000 | 0.375 0.444
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TABLE XL2
VARIATION FACTOR FOR XLPE COMPOUND (XLFCU)
XLPE INSULAYTED CONTROL CABLES WITH COPPER CONDUCTOR

Mo of cores Core size 1.5 sg mm Core size 2.5 sq mm
Unarm Arm Unarm Arm
2 0.010 0,010 ) 0.012 0.012
3 0.016 0.016 0,018 0018
4 0.021 0.021 0.025 0.025
5 0.026 | 0.026 0.031 0.031
6 0.031 0.031] 0.037 0.037
7 0.0386 0.026 0.043 0.043
8 0.036 0.036 0.043 0.043
9 0.042 0.042 0.049 0,049
10 0.052 0.052 0.061 0.061
12 0.062 0,062 0.074 0.074
14 0.073 Q.073 0.086 0.086
16 0.083 0,083 0.098 0.098
18 0.094 0.094 0.110 0.110
19 0.099 0.099 0.116 0.116
20 0.104 0.104 0.123 0.123
24 0.125 0.125 0.147 0.147
27 0.140 0.140 0.165 0.165
30 0.156 0.156 0.184 0.184
37 0.192 0.192 0.227 0.227
44 0.229 0.229 0.270 0.270
52 0.270 0.270 0.319 0.319
61 0.317 0,317 0.374 0.374
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TABLE XL3
VARIATION FACTOR FOR XLPE( XLFAL/XLFCU)
SINGLE CORE ARMOURED fUNARMOURED XLPE INSULATED 3.3 to 33 KV POWER CABLES WITH
CU / ALCONDUCTOR

" Nominal Cross XLPE Factor for Armoured/ Unarmoured Cable with AL /CU Conductor |
Sectional Area
(inSq.mm.) | 33KV | 6.6KV(E) | 11KV(E)/ | 11KV (UE) | 22KV(E) | 33KV(E)
6.6 KV (UE)
25 0.110 0.131 0.170 0.279
35 0.122 0.137 0.175 0.284 0.317 0.522
50 0.135 0.151 0.191 0.307 0.341 0.563
70 0.155 0.172 0.215 0.342 0379 0.615
35 0.174 0.193 0.241 0.377 0.417 0.670
120 0.192 0.212 0.262 0.407 0.449 0.713
150 | 0.209 0.229 0.283 0.437 0.481 0.757
185 0.228 0250 | 0.308 0.471 0.518 0.809
240 0.255 0.279 0.343 0.519 0.569 0.883 |
300 0.280 0.322 0372 0.560 0.613 0.943
400 0.326 0.392 0.420 0.625 0.683 1.041
500 0.388 0.461 0.469 0.694 0.757 1.142
630 0.467 0.520 0.529 0.777 0.845 1.265
800 0.567 0.593 0.602 0.874 0.949 1.407
1000 0.656 0.665 0.660 0.955 1.036 1.525

Note : XLPE factors include Semicons for Conductor & Insulation screen

TABLE - XL4 _
VARIATIOM FACTOR FOR XLPE (CCr12! / CCF1Cu)
3 COPE XLPE INSULATED 3.3 2 33 KV POWER CABLES WITH COPPER J ALURINIUM COMDUCTOR

Nominal Cross | 3.3KV | 6.6KV(E) | 6.6KV (UE)/ | 11KV (UE) | 22KV (E) | 331V (E)
Sectional Area ARM ARM 11 KV (C) ARM ARM ARM
(in 5g. mm) ARM

25 0.315 0.394 0.511 0.828
35 0.339 0.427 0.545 0.880 0.982 1.638
50 0.378 0.474 0.600 0,957 1.065 1.751
70 0.435 0.541 0.679 1.067 1.183 1.916
95 0.489 0.604 0.755 1.171 1.295 2.071
120 | 0537 | 0661 0.822 1.265 1.396 2.210
150 0.585 0.719 0.390 1.359 1497 | 2.350
185 0.642 - 0.784 0.9G8 1.468 .. 1614 2.513
240 0.717 0.873 1.074 1.615 1.773 2.732
300 0.781 1.006 1.167 1.744 1.928 2.019
400 0.886 = e Ll 1.314 1948 | 2,130 | 3.229
500 0.956 1421 1.445 2148 ° | " 2281 | 3538
630 1,129 1.582 1.609 2.382 © 2,630 3.940

Mote : ZLPE factors include Semicons for Conductor & Insulatian sercen
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TABLE H1
VARIATION FACTOR FOR ALUMINIUM (AIF)
ALUMINIUM ARMOURED SINGLE CORE XLPE INSULATED 3.3 TO 33 KV CABLES

Nominal Aluminium Factor for Aluminium Armoured Cable with Aluminium Conductor |
Cross
Sectional 33KV | 6.6KV(E) | 11KV(E)/ | 11KV(UE) 22KV(E) @ 33KVI(E)
Area (in 5q. 6.6 KV (UE)

mm.)

35 0.251 (0.284 0.301 0.344 0.358 0.473

50 0.312 0.336 0.352 0.397 0.408 0.672

70 0.385 0.409 0.423 0.469 0.501 0.723

95 0.476 0.500 0.518 0.637 0.656 0.856
120 0.561 0.586 0.601 0.726 0.744 0.949
150 0.653 0.678 0.656 0.823 0.842 1.050
185 0773 0.797 0.853 ~ 0.949 0965 | 1.183

240 0.997 1.063 1083 | 1139 1.154 1387 |
300 1.209 1271 1.283 1.333 1.307 1.753
400 1.438 1.556 1.565 1.620 1.636 2.046
500 1,873 1.901 1.510 2.110 2.128 2.484
630 2.337 2.361 2.369 2.580 2.595 2.978
200 3.007 3.071 3.080 3.145 3.163 3.588
1000 3.737 3.741 3.749 3.801 3.822 4.565

TABLE H2

VARIATION FACTOR FOR POLYMCR (CCFA! / CCFCu)
3 CORE XLPE INSULATED 3.3 to 33 KV POWER CABLES WITH COPPER / ALUMINIUM CONDUCTOR

Mominal Cross | 3.3KV | 6.6KV(E) | 6.6KV(UE)/ | 11kv [ 22kv(E) | 33KV(E)
Sectional Areca | ARM ARM 11 ¥V (E) (UE) ARM ARM
(in Sg. mm) ARM ARM

35  0.374 0,590 1.142 1.604 1.782 E
50  0.445 1.119 1.260 1.834 2.046 2.864
70 0.547 1.290 1.396 2.011 2.284 3.219
95 0.594 1.440 1.647 2.269 2.428 3.367
120 0.732 1.692 1.877 2.438 2,715 3,646
150 0.812 1.906 2.061 2767 2.931 3.927
185 0.960 2.086 2.406 3.028 3.180 4,166
240 1.130 2.484 2.744 3.398 3.580 A.589
300 1.219 2.912 3.161 3.840 4.016 5.029
400 1.313 3.530 3,664 © 4353 4.666 5.736
500 1.652 3.925 3.971 4521 4878 5913
630 1.949 4.487 4.982 5.225 5.477 6.696

Fillers added in PVC consumption
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TABLE H3
VARIATION FACTOR FOR STEEL (FeF)
¥XLPE INSULATED 3.3 TO 33 KV POWER CABLES WITH COPPER / ALUMINIUM CONDUCTOR

Nominal Cross | 3.3KV | 6.6 KV (E) 11KV (E)/ 6.6/ 11KV (UE) | 22KV (E) 33 KV (E)
Sectional Area KV (UE)
Sg. mm.
25 0.551 0.604 0.656 0.814
35 0.645 0.645 0.731 0879 | 0937 -
50 0.675 | 0703 0.761 0.937 | 0.966 1.181
70 0.761 | 0.761 0.849 0.996 1055 1.289
95 0.820 0.849 0.907 1.083 1.113 1,348
120 0.879 0,907 0.966 1.142 1.172 1.406
150 0.966 0,966 1.055 1.201 1.259 1.494
| 185 1.025 1.055 1.113 1.259 1318 1.553
240 1.142 1.142 1.231 1.377 1.406 1.641
300 1.231 1.259 1.318 1.465 1.524 1.758
400 1.348 |  1.406 1.435 1.582 1641 | 1876
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TABLE H4

VARIATION FACTOR FOR ALUMINIUM (AIf)
XLPE INSULATED SINGLE CORE 3.3 TO 33 KV POWER CABLES WITH COPPER CONDUCTOR

MNominal Cross Aluminium Factor for Aluminium Armoured Cable with Copper Conductor
Sectional Area
(inSq. mm.}) | 33KV | 6.6 KV (E) 11KV (E)/ | 11KV (UE) | 22 KV (E) 33 KV (E}
6.6 KV (UE)

a5 0.153 0.187 0.204 0.247 0.258 0.372

50 0.179 0.203 0.220 0.262 0.275 0.425

70 0.196 0.219 0.233 0.278 0.311 0.444

95 0.213 0.237 0.254 0.373 0.392 0.470

120 0.228 0.253 0.268 0393 0.410 0.488

150 0.243 0.269 0.287 0.414 0.432 0.504

185 0.261 0.285 0.381 0.437 0.455 0.526

240 0.324 0.389 0.410 0.465 0.480 0.556

300 0.365 0.428 0.440 0.490 0.510 0.737

400 0.432 0.471 0.480 0.536 0.552 0.783

500 0.489 0.517 0.526 0.726 0.7/44 0.844

630 0.544 0.568 0.572 0.787 0.801 0.502

8OO 0.706 0.787 0.797 0.862 0.880 0.982

1000 0.824 0865 | 0.867 0923 0.940 1324

TABLE - HS5

VARIATION FACTOR FOR STEEL (FeW)
XLPE INSULATED 3.3KV TO 33 KV POWER CABLES WITH COPPER / ALUMINIUM CONDUCTOR

| Nominal Cross [3.3,!3.3\3.3,f5.5w| 11KV (E) / |11 KV (UE)| 22KV (E) | 33KV (E)

Sectional Areain| KV 6.6 KV (UE)

‘ Sq. mm ‘
25 1.258 1.457 1.612 2.509 15038 | -
35 1361 | 1.569 1.853 2.644 2.797 2.517
50 1682 | 1.687 2.321 2.800 | 2921 4.569
70 2033 | 1979 2.503 3219 | 3347 4.809
05 2202 | 2507 2.718 4019 | 4200 5.437
120 2371 | 2.675 2.882 2241 | 4416 6.713
150 2870 | 2.847 3.265 ana? | 421 6.976
185 3121 | 3.309 4.148 4726 | 5.289 7.356
240 3758 | 4.227 4.442 5442 | 6651 7.718
300 4099 | 5.024 5.182 6.894 | 7.084 8.187
400 5750 | 6572 6.658 | 7.423 | 7657 8.760
500 6716 | 6.777 6.861 7.5¢8 | 7797 8.830
630 7.492 |  7.465 7.477 2209 | 8386 9.413
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BANK GUARANTEE FOR PERFORMANCE SECURITY

Bank Guarantee No:
Date:
To

NAME

& ADDRESSES OF THE BENEFICIARY

Dear Sirs,

In consideration of the Bharat Heavy Electricals Limited ' (hereinafter referred to as the 'Employer' which

expression shall unless repugnant to the context or meaning thereof, include its successors and permitted
assigns) incorporated under the Companies Act, 1956 and having its registered office at BHEL House Siri Fort
New Delhi-110049 through its Unit at BHEL, TBG, Noida having awarded to ( Name of the Vendor / Contractor

[ Supplier) having its registered office at 2 hereinafter referred to as the 'Contractor/Supplier’, which
expression shall unless repugnant to the context or meaning thereof, include its successors and permitted
assigns), a contract Ref No PO NoO.................ooeeie. dated ..o 3 valued at
RS...cco.... 4 ( Rupees YFCooooeee (in words........... ) fOr e S

(hereinafter called the 'Contract’) and the Contractor having agreed to provide a Contract Performance
Guarantee, equivalent to ...... % (.... Percent) of the said value of the Contract to the Employer for the faithful
performance of the Contract,

WE, iviiiiiiiiiiininnns , (hereinafter referred to as the Bank), having registered/Head office at ................ and
inter alia a branch at ............ being the Guarantor under this Guarantee, hereby, irrevocably and
unconditionally undertake to forthwith and immediately pay to the Employer a maximum amount RS -----------—-

------- ( Rupees ) without any demur, immediately on a demand from the Employer, .

Any such demand made on the Bank shall be conclusive as regards the amount due and payable by the Bank
under this guarantee. However, our liability under this guarantee shall be restricted to an amount not
exceeding Rs.

We undertake to pay to the Employer any money so demanded notwithstanding any dispute or disputes raised
by the Contractor/ Supplier in any suit or proceeding pending before any Court or Tribunal relating thereto our
liability under this present being absolute and unequivocal.

The payment so made by us under this Guarantee shall be a valid discharge of our liability for payment

thereunder and the contractors/supplier shall have no claim against us for making such payment.



Wethe ..., bank further agree that the guarantee herein contained shall remain in full force and
effect during the period that would be taken for the performance of the said Contract and that it shall continue
to be enforceable till all the dues of the Employer under or by virtue of the said Contract have been fully paid
and its claims satisfied or discharged.

We ... BANK further agree with the Employer that the Employer shall have the fullest liberty without
our consent and without affecting in any manner our obligations hereunder to vary any of the terms and
conditions of the said Contract or to extend time of performance by the said Contractor/Supplier from time to
time or to postpone for any time or from time to time any of the powers exercisable by the Employer against
the said Contractor/Supplier and to forbear or enforce any of the terms and conditions relating to the said
Agreement and we shall not be relieved from our liability by reason of any such variation, or extension being
granted to the said Contractor/Supplier or for any forbearance, act or omission on the part of the Employer or
any indulgence by the Employer to the said Contractor/Supplier or by any such matter or thing whatsoever
which under the law relating to sureties would but for this provision have effect of so relieving us.

The Bank also agrees that the Employer at its option shall be entitled to enforce this Guarantee against the
Bank as a principal debtor, in the first instance without proceeding against the Contractor and notwithstanding

any security or other guarantee that the Employer may have in relation to the Contractor's liabilities.

This Guarantee shall remain in force upto and including...................ccooiil. 6 and shall be extended from
time to time for such period as may be desired by Employer.

This Guarantee shall not be determined or affected by liquidation or winding up, dissolution or change of
constitution or insolvency of the Contractor/Supplier but shall in all respects and for all purposes be binding
and operative until payment of all money payable to the Employer in terms thereof.

Unless a demand or claim under this guarantee is made on us in writing on or before the

..................................... "we shall be discharged from all liabilities under this guarantee thereafter.

We ...l BANK lastly undertake not to revoke this guarantee during its currency except with the
previous consent of the Employer in writing.
Notwithstanding anything to the contrary contained hereinabove:

a) The liability of the Bank under this Guarantee shall not exceed.............................. 8

b) This Guarantee shall be validup to .................. o

c) Unless the Bank is served a written claim or demand on or before 19 all rights under

this guarantee shall be forfeited and the Bank shall be relieved and discharged from all liabilities under
this guarantee irrespective of whether or not the original bank guarantee is returned to the Bank.



We,

Bank, have power to issue this Guarantee under law and the undersigned as a duly

authorized person has full powers to sign this Guarantee on behalf of the Bank.

For and on behalf of
(Name of the Bank)

NAME AND ADDRESS OF EMPLOYER I.e Bharat Heavy Electricals Limited

2 NAME AND ADDRESS OF THE VENDOR /CONTRACTOR / SUPPLIER.

3 DETAILS ABOUT THE NOTICE OF AWARD/CONTRACT REFERENCE

4 PROJECT/SUPPLY DETAILS

5BG AMOUNT IN FIGURES AND WORDS

SVALIDITY DATE

"DATE OF EXPIRY OF CLAIM PERIOD

8 BG AMOUNT IN FIGURES AND WORDS.

°VALIDITY DATE

1°DATE OF EXPIRY OF CLAIM PERIOD

Note:

1. Units are advised that expiry of claim period may be kept 2/3 months after validity date.

2. In Case of Bank Guarantees submitted by Foreign Vendors-

a.

b.1

b.2

b.3

b.4

From Nationalized/Public Sector / Private Sector/ Foreign Banks (BG issued by Branches in
India) can be accepted subject to the condition that the Bank Guarantee should be enforceable in
the town/city or at nearest branch where the Unit is located i.e. Demand can be presented at the
Branch located in the town/city or at nearest branch where the Unit is located.

From Foreign Banks (wherein Foreign Vendors intend to provide BG from local branch of the
Vendor country’s Bank)

In such cases, in the Tender Enquiry/ Contract itself, it may be clearly specified that Bank Guarantee
issued by any of the Consortium Banks only will be accepted by BHEL. As such, Foreign Vendor
needs to make necessary arrangements for issuance of Counter- Guarantee by Foreign Bank in
favour of the Indian Bank (BHEL’s Consortium Bank). It is advisable that all charges for issuance of
Bank Guarantee/ counter- Guarantee should be borne by the Foreign Vendor. The tender stipulation
should clearly specify these requirements.

In case, Foreign Vendors intend to provide BG from Overseas Branch of our Consortium Bank
(e.g. if a BG is to be issued by SBI Frankfurt), the same is acceptable. However, the procedure at
sl.no. b.1 will required to be followed.

The BG issued may preferably be subject to Uniform Rules for Demand Guarantees (URDG) 758 (as
amended from time to time). In case, of Foreign Vendors, the BG Format provided to them should
clearly specify the same.

The BG should clearly specify that the demand or other document can be presented in electronic form.



Sl. TNamn of the bank

| State Bank of ingia

1
2 | Canara Bank
3 [AasBank
4 "Baph of Baroda
"5 | Central Bank
"6 | CitiBank N.A

Deutsche Bani **

6
7

ms Exim Bank
o  Federal Bank Limded

10 | HDFC Bank Limited

‘Hongkong and Shanghai
Banking Corporaton Lid

' 12 | Indsan Bank

13 | ICICt Bank Limted
14 . IDSI Bank Limited
15 | Indusind Baok Limited
16 | Indian Overseas Bank

“Kotak Mahindra Bank
Limitec

18 | Punsab National Bank

19 | RBL Bank Ltd

20 | Standard Chartered Bank
21 | Union Bank of India [
22 Yes Bank Limited

[ TOTAL




o
13

{ 593 RUPEES
i

MULTI-CITY CHEQUE Pa

YR &T o

State Bank Of India

302062277

e al Par al All Branches of SBi

(17313) - CORPORAYE ACCOUNTS GROUP NEW DELMI wahadd. i Bl

4TH & STH FLOOR REDFORY CAFITAL PARSUNATH TOWERS, BHAI VEES | =t a
SINGH MARG

GOLE MARKET NEW DELHI 116001
Tal: 11-23478868 Fax: 23475566 IFS Codo : SBINGO 17113

F! T I AT 5 OR ORDER

T 50 LACS AT NON-HOME BRANCH

BHEL TRANSMISSION BUSINESS DIVISION

Please sign above

" ZEEZE5" 10002562 00O L3TN 29
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