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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 (NPGC). 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 NPGC, 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: Nabinagar Power Generating Co. Pvt. Limited (NPGC) 
                                   (A Joint Venture of NTPC Ltd. And Bihar State Electricity Board) 

Name of Consultant:  ------- 

Name of of the project: 400/132 kV Switchyard Package at Nabinagar Super Thermal Power 
                                               Project (3 X 660 MW) 
  
Refer Section - 3 for Project Details and General Specifications. 
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1.2 SPECIFIC TECHNICAL REQUIREMENTS 

1.2.1     As per Annexure-1A (NPGC specification, 3 pages) and Annexure-1B (NPGC specification, 10  
 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. 
 
1.3 QUANTITIES 

 
 
Note: 
 
1) Quantity variation on the total ordered cables shall be ±30% at contract stage. 
 

2) Cable types mentioned in Sl. No. 1.5, 2.3 above may not be required at all. 

Sl. No. Type of Control Cables Quantity (kM) 

400/132 kV 
Switchyard 

at 
Nabinagar 

STPP 

400 kV Bay 
Extension at 
Nabinagar 

TPP 

Total 

1.1 2C x 2.5 sq mm PVC/Copper, Armoured 0 0 0

1.2 5C x 2.5 sq mm PVC/Copper, Armoured 16.0 0 16.0

1.3 10C x 2.5sqmm PVC/Copper, Armoured 24.0 0 24.0

1.4 14C x 2.5 sq mm PVC/Copper, Armoured 3.0 0 3.0

1.5 19C x 2.5 sq mm PVC/Copper, Armoured 6.0 0 6.0

1.6 4C x 10 sq mm PVC/Copper, Armoured 1.0 0 1.0

 Type of Aux Power Cables  

2.1 2C x 6 sq mm PVC/Aluminium, Armoured 0 0 0

2.2 4C x 6 sq mm PVC/Aluminium, Armoured 0 0 0

2.3 4C x 16 sq mm PVC/Aluminium, Armoured 0 0 0

2.4 3.5C x 70 sq mm PVC/Aluminium, Armoured 0 0 0

2.5 3.5C x 150 sq mm XLPE/Aluminium, Armoured 0 0 0

 * 2.6 3.5C x 300 sq mm XLPE/Aluminium, Armoured 0 0 0

2.7 2C x 150 sq mm XLPE/Aluminium, Armoured 0 0 0

 * 2.8  1C x 630 sq mm XLPE/Aluminium, Armoured 0 0 0

 Type of Screened Control Cables  

3.1 4P x 0.5 sq mm PVC/Copper, Armoured 0 0 0
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3) Cut lengths for cables marked as (*) shall be informed during detailed engineering stage. 

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%. 

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. 
 
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 
requirement 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. 
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SECTION-2 

2.0 SCOPE 

 

This technical specification covers the requirement of design, manufacture, testing, packing and 

dispatch of 1.1 kV grade Auxiliary power and 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 International 

standards and their amendments. 

 

IS 1554 PVC insulated (heavy duty) electric cables - 

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

IS 7098 XLPE insulated PVC sheathed cables - 

(Part I) 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 I to 3)  

IS 3961 Recommended current rating for cables - 

  (Part II) PVC insulated and PVC sheathed heavy-duty cables. 

IS 10418 Drums for electric cables. 

 SS 4241475 Swedish chimney test  
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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. 

iv) Progressive sequential marking of the length of cable in meters at every one-meter shall be 

provided on the outer sheath of all cables. 

v) 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 – I). 

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

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

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

viii) All cables shall conform to type test and shall be subjected to routine and acceptance tests 

listed in the specification. 

ix) Allowable tolerance on the overall diameter of the cables shall be  2mm. 

x) 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. 

xi) Suitable chemicals shall be added to the outer sheath of all cables to protect from rodent, 

vermin and termite attack. 

xii) Repaired cables shall not be acceptable. 

xiii) Cores shall be identified as per IS 1554 (Part-I)/ 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 1554 (Part-1).  

xiv) 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.    
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2.3 CURRENT RATING FOR CONTROL and AUX. POWER CABLES 

 

2.3.1 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. 

2.3.2 PVC insulated cables shall be suitable for continuous conductor temperature of 70 C 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 furnished -  

  - 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. 

2.3.3 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. 

2.3.4 The following factors shall also be accounted for, while specifying the maximum short circuit 

withstand of the cables. 

2.3.4.1 Deformation of the insulation, due to thermo-mechanical forces produced by the short circuit 

conditions, can reduce the effective thickness of insulation. 

2.3.4.2 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. 

2.3.4.3 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. 

2.3.5 Formula for calculating short circuit current for different duration or curve showing short time 

current v/s time for different sizes of cables shall be furnished by vendor. 

 

2.4 CABLE DRUMS 

 

2.4.1 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 the each 

length of cable shall be sealed before dispatch. 

 

2.4.2 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 
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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 +5%. The tolerance allowed on total quantity of each size is +2%. 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. 

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

cable layer. 

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

2.4.5 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 stenciled 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. 

2.4.6 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 so as to eliminate ingress of water during transportation 

and erection. 

 

2.5 TESTS 

 All types and sizes of cables shall be subjected to following routine and acceptance tests and 

type tests. 

 

2.5.1 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. 

c) Test for armouring wires/ formed wire (% Elongation, Tensile, Torsion/ winding, Resistance, Wt 

of Zinc coating, Dimension and uniformity of coating) as per IS 1554 (Part-I), IS 7098 (Part-I), IS 

3975. 

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

I). 

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

applicable. 
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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 IS 1554 (Part I). 

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

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

k) Oxygen index and Temperature index test as per ASTM-D2863. 

l) Acid gas generation test as per IEC: 60754 

m) Flammability test as per IS 1554 Part-I/ IS 7098 Part-1. 

n) Swedish chimney test F3 category as per SS 4241475 

 

     Following special type tests shall be performed on one sample from each lot of the offered cables: 

a) Hydraulic Stability Test 

b) Ultraviolet Test as per DIN 53387 

 

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) High voltage test as per clause 16.2 of IS 1554 (Part I). 

b) Conductor resistance test as per clause 6.3 of IS 8130. 
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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 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, 
IS3961, IS 10418, 
SS4241475, NEMA WC-70, 
IEEE-383; For screened 
cables, standards mentioned 
in Annexure-1B, Section-1. 

  

2.0 Type FRLS   
3.0 Construction feature 

for PVC Control and 
Aux Power cable 

   

3.1a Material of Conductor 
for Control cables 

Plain Annealed, High 
Conductivity, Stranded, 
untinned Copper, Grade EC 
 

  

3.1b Material of Conductor 
for Screened Cable 

High Conductivity, Annealed 
bare copper, Electrolytic 
grade, Strands: 7x0.3mm 
(nom) 

  

3.2 Material of Conductor 
for Power cables 

Stranded Aluminium, Grade 
H2 /H4 

  

3.3 Conductor Insulation 
for Control and Power 
cables 

As per Annexure-1A, Section-
1 

  

3.4a Conductor insulation 
for Screened Control 
Cable 

PVC Type Y13 
(Insulation Thickness 
suitable for 1.1kV Voltage 
class as per relevant 
standards) 
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(1) (2) (3) (4) (5) 
S.No. Parameters Data Yes / No Remarks in 

case reply in 
Col (4) is NO 

3.4b Shielding for Screened 
Control Cable 

Al- Mylar Tape  
a) Individual Pair 

Shielding: 28 Micron 
Thickness (Min.) 

b) Overall cable assembly 
Shielding : 55micron 
Thickness (min) 

  

3.4c Drain Wire for 
Screened Control 
Cable 

For individual & Overall 
Shield: 

7 Strand, 20 AWG 
(0.51sq.mm) annealed 
Tin coated copper 

  

3.5 Inner sheath Extruded PVC, Type ST-1   
3.6a Armouring for Control 

Cables 
Galvanised Steel Round wire 
/formed wire for multicore 
cables 

  

3.6b Armouring for 
Screened Control 
Cable 

Galvanised Steel Round wire   

3.7 Armouring for Aux 
Power Cables 

Aluminium round wire for 
Single core 

And 
Galvanised Steel round 
wire/formed wire for Multi-
core cables 

  

3.8a Outer sheath for 
Control and Power 
cables 

PVC extruded, FRLS, Type 
ST-2, Category C2 

  

3.8b Outer sheath for 
Screened Control 
Cable 

PVC extruded, FRLS, 
Compound YM1 

  

4.0 Construction feature 
for XLPE Aux Power 
cable 

   

4.1 Material of Conductor 
for Power cables 

Stranded Aluminium, Grade 
H2 /H4 

  

4.2 Conductor Insulation XLPE   
4.3 Inner sheath Extruded PVC, Type-ST2 
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(1) (2) (3) (4) (5) 
S.No. Parameters Data Yes / No Remarks in 

case reply in 
Col (4) is NO 

4.4 Armouring for Aux 
Power Cables 

Aluminium round wire for 
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 
index 

29   

5.2 Minimum Temperature 
index 

250oC   

5.3 Acid gas emission Max 20% by weight   

5.4 Smoke density rating Max 60%   

6.0 Tolerance on overall 
diameter 

+ 2mm   

7.0 Chemicals added to 
outer sheath to 
protect from rodent, 
vermin and termite 
attack 

Yes   

8.0 Drum lengths shall be 
1000m for cables with 
conductor cross 
section area less than 
300 sq mm 

Yes   

9.0 Tolerance on total 
quantity 

+ 2%   

10.0 Minimum bending 
radius for multicore 
cables 
 
 
 
 
 
 
 
 

12 x D 
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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 bid opening).                       (YES/NO)                
 
ii) 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) 
(1) (2) (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  
 

Company Seal 
 

(1) (2) (3) (4) (5) 
S.No. Parameters Data Yes / No Remarks in 

case reply in 
Col (4) is NO 

11.0 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). 

  

12.0 The fillers and inner 
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 

Yes   




