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CLAUSE NO. PROJECT INFORMATION 

LOT-3 PROJECTS
FLUE GAS DESULPHURISATION (FGD) 

SYSTEM PACKAGE 

TECHNICAL SPECIFICATION 
SECTION – VI, PART-A 

BID DOC. NO.:CS-0011-109(3)-9 

SUB SECTION-II-A4 
PROJECT INFORMATION

(KSTPP-I, II & III)  
PAGE 1 OF 36 

1.00.00 BACKGROUND 

Korba Super Thermal Power Project (KSTPP) was originally conceived as a pit head 
coal-based power plant. The present capacity of the plant is 2600 MW which has 
been implemented in 3 stages. Stage-I comprises of three 200 MW units, Stage-II 
comprises of three 500 MW units and the Stage-III of the plant comprises of one 500 
MW unit. 
The present proposal is for implementation of FGD system in the stage-III 
(1x500MW) of Korba STPP for reduction of SOx emissions.  

1.01.00 LOCATION AND APPROACH 

  The site is located on the western bank of river Hasdeo near Korba town in Korba 
District of Chhattisgarh State. The site is contiguous to the Right Bank Irrigation 
Canal emanating from Hasdeo Barrage. BALCO’s aluminium plant and two power 
stations are already located on both the banks of Hasdeo river in the vicinity.  

  Korba town is a broad gauge railhead 37 kms away from Champa railway station on 
Calcutta-Nagpur main line of South-Eastern Central Railway and is approximately 
510 kms from Nagpur by rail. The site is very close to all weather road between 
Katghora & Korba and is approximately 110 kms from Bilaspur and 10 kms from 
Korba town. 

  Vicinity plan of the proposed project is placed at Annexure –I. 

1.02.00 LAND    

Wet Limestone Forced Oxidation FGD equipment shall be installed within the 
existing station premises. 

1.03.00 WATER

  The source of raw water for the project is Right Bank Canal (RBC) originating from 
Hasdeo Barrage near the Plant boundary. 110 MCM (123 Cusecs) of water for 
Korba STPP is available from Chhattisgarh Govt. 

     
1.04.00  Coal Quality Parameters / Fuel Oil Characteristics & Plant Water details: 

(i) The Coal quality parameters and Fuel Oil characteristics are indicated in Table-1 
& Table-2 respectively below. 

(ii) Process water: 
     Process water quality is CW Blowdown based on the COC indicated in Table-4. 

(iii) Clarified water:  
      Clarified water quality is indicated in Table-4. 

(iv) DM water for Equipment cooling water system.  
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CLAUSE NO. PROJECT INFORMATION

LOT-2 PROJECTS
FLUE GAS DESULPHURISATION (FGD) 

SYSTEM PACKAGE

TECHNICAL SPECIFICATION
SECTION – VI, PART-A

BID DOC. NO.:CS-0011-109(2)-9

SUB-SECTION-II-A5
PROJECT INFORMATION

(BHILAI 2X250 MW)
PAGE 1 OF 30

1.00.00 BACKGROUND
NSPCL has setup coal based thermal power plant of 2X250 MW capacity at BHILAI in 
Chhattisgarh primarily to meet captive power requirement of SAIL, NSPCL is supplying 
balance power to the beneficiaries in the western region. Both the units have been 
commissioned during 2008-09 and commercialized during 2009-10.

1.01.0 LOCATION AND APPROACH
The NSPCL site is located at District Durg, Bhilai (East) having latitude and longitude of 21° 
11' 25" N and 81°26'05" E, respectively. The nearest railhead on the Raipur- Nagpur section 
of South Eastern Central Railway is Bhilai which is approx. 4 km from site. The site is 
approachable from National Highway -6 which connects the site with both Durg and Raipur. 
The nearest- airport is at Raipur, about 35kms away from the site. The nearest town is Bhilai, 
approx. 10 km from the project site.

Vicinity plan of the proposed project is placed at Annexure-I.
1.02.00 LAND

Total land area for plant & dyke is 659 acres. Ash Dyke is constructed in 221 Acre land.

1.03.00 WATER
The make- up water requirement for the plant has been met from the existing system of Bhilai 
CPP-1, CPP-2 and BSP i: e Maroda Tank-II, which is fed by Tandula Main Canal.

1.04.00 Coal Quality Parameters / Fuel Oil Characteristics& Plant Water details:
(i) The coal quality parameters and Fuel oil Characteristics are indicated in Table-1 & 

Table-2 respectively below.

(ii) Process water: Process water quality based on COC given in Table-4.

(iii) Clarified water: Clarified water quality is indicated in Table-4.

(iv) DM water for Equipment cooling water system. DM water quality is indicated in 
Table-5.

1.05.00 STEAM GENERATOR AND ESP DATA: Refer Table-6

1.06.00 Drawings are enclosed as per Table-7 for initial overview to the Bidder.

2.00.00 NOT USED
3.00.00 Capacity

Present proposal :  2 X 250 MW

4.00.00 Metrological Data
The metrological data from nearest observatory is placed at Annexure-II.
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1.00.00 AIR CONDITIONING SYSTEM 

 a) General 

            The scope includes Engineering, Supply, Construction, Erection, Testing and 
Commissioning for Complete Air conditioning system consisting of D-X units 
with refrigerant piping & valves, Air handling units, Hi-wall split air conditioner 
/Cassette Air conditioners, Packaged Air Conditioners, Fresh air fans, air 
distribution system (ducting, filters, isolation dampers, motorized fire 
dampers, diffusers, grills, volume control dampers, etc.) etc., along with all 
electrical equipment and instrumentation as required for all the buildings 
which are in the scope of the bidder, as detailed out in Part-B of Section-VI. 

b)     Air-conditioning system for F.G.D Control Room Building  

Air cooled condensing units (D-X type) type air conditioners with AHU  of 
suitable capacity with 100 % redundancy (as per actual heat load calculation)  
shall be provided . 

 c) SO2 analyzer room (if required) and other air conditioned offices/areas 
covered under this package shall be provided with Ductable/Non ductable 
Split air conditioners etc. as per Design criteria specified in Chapter Salient 
Design Data. Non ductable Split air conditioner shall conform to minimum 
three (3) star (***) rating and above of latest version of Bureau of Energy 
Efficiency (BEE) HVAC code issued by Ministry of Power, Govt of India.  

            d)        Supply of Mandatory spares as specified. 

e) Any additional items required to make the system complete. 

 f) For Air conditioning system, the Bidder shall provide all Instrumentation 
systems, accessories and associated equipment, which are included in 
Bidder’s scope, in a fully operational condition acceptable to the Employer. 
The Bidder shall also provide all material, equipment and services which may 
not be specifically stated in the specifications but are required for 
completeness of the equipment/systems furnished by the Contractor and for 
meeting the intent and requirements of these specifications. 

g) Contractor shall provide microprocessor/PLC/GIU based control system for 
control and monitoring of air conditioning system as per manufacturer’s 
standard practice. However relative humidity and temperature measurement 
of all control rooms and all major air-conditioned areas shall be made 
available in FGD control system. Control and monitoring of air conditioning 
system from FGD control system is also acceptable. 

 h)      Apart from the above, any area/building which are in the scope of the bidder 
and require air conditioning, the same shall be provided with air conditioning 
system, as detailed out in Part-B of Technical Specification. 
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1.02.00 Redundancies of equipments: 

 100% standby unit shall be kept for FGD control room, analyzer room/Prota cabin (if 
required) and other air conditioned offices/areas. 

   2.00.00 VENTILATION SYSTEM 

a) General 

 The scope includes Engineering, Supply, Construction, Erection, Testing and 
Commissioning for Complete Ventilation system consisting of Modular type 
Unitary air filteration Units, Supply air fans, water pumps, exhaust air fans, 
louvers, filters, ducting, diffusers, piping, instrumentation etc., for all the 
buildings which are in the scope of the bidder, as detailed out in Part-B of 
Section-VI. 

          b) Non-A/C areas of F.G.D Control Room Building  

 Minimum One (1) nos. of Evaporative type Unitary Air Filtration (UAF) unit 
(of metallic construction- modular type) of suitable  capacity with all 
accessories, DIDW centrifugal fan (1 x 100%), circulating water pump (1 x 
100%), etc. as detailed out in technical specification shall be provided. 

c) Miscellaneous areas: All other areas like Limestone Grinding system 
building, Gypsum dewatering building, Recirculation pump & Oxidation 
blower/compressor building etc & all other non-air conditioned areas covered 
under this package shall be ventilated by a combination of supply/exhaust 
fans and fresh air in-take / back draft louvers.  For ventilation of Battery rooms 
and Oil rooms, fans with flame proof motor shall be used. Further, toilets shall 
be provided with propeller type exhaust air fans. 

 Note1: The above list of Buildings is indicative only. Any Building under this 
package which are of enclosed type, shall be provided by Mechanical 
ventilation. 

  Note 2:  If open shed is envisaged for any facility, then in that case no 
mechanical ventilation is required. 

d) Supply of Mandatory spares as specified. 

e) Any additional items required to make the system complete. 

 f) For Ventilation system, the Bidder shall provide all Instrumentation systems, 
accessories and associated equipment, which are included in Bidder’s 
scope, in a fully operational condition acceptable to the Employer. The 
Contractor shall also provide all material, equipment and services which may 
not be specifically stated in the specifications but are required for 
completeness of the equipment/systems furnished by the Contractor and for 
meeting the intent and requirements of these specifications. 
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g) Contractor shall provide microprocessor/PLC/GIU based control system for 
control and monitoring of ventilation system as per manufacturer’s standard 
practice.  Control and monitoring of ventilation system from FGD control 
system is also acceptable. 

3.00.00 COMPRESSED AIR SYSTEM 

 a) Two (2) numbers (1 working+ 1 standby) oil free, rotary screw type air 
compressors for Instrument air and service air applications for FGD plant  
each of adequate capacity & adequate pressure, with their motor drives and 
other accessories as per equipment sizing criteria mentioned in Part A, Sub-
section ‘Salient design data’ of technical specification. However, minimum 
capacity of each air compressor shall be 15Nm3/min at discharge pressure of 
8.5 Kgf/cm2 (g). 

 b) Two (2) numbers (1 working+ 1 standby)  Air Drying Plants (one for each air 
compressor) of adequate capacity with all interconnecting piping, valves, 
fittings, etc.  

 c) Two number Air Receiver each of capacity 2 m3 (normal) at the discharge of 
each Air compressor.  

 d) Monorail with electric hoist of minimum 2 tons or 125% of heaviest parts of 
equipment to be lifted whichever is more. 

 e) Complete instruments, control system with panels as required for 
compressed air system. 

 f) Complete compressed air and piping network for service air and instrument 
air application in FGD system shall be as per Tender drawing of compressed 
air system. 

g) Supply of Mandatory spares as specified. 

h) Any additional items required to make the system complete. 

   

4.00.00 General  

i. All associated Civil & structural work for air conditioning and Ventilation 
system and compressed air system. 

ii. Set of commissioning spares as may be required during erection and 
commissioning.   

iii. One (1) set Special tools and tackles required for maintenance of all the 
Mechanical, Electrical and C & I equipment under the scope of bidder.  

iv. All steel / cast iron inserts, plates, bolts, nuts, sleeves, metallic-fasteners etc. 
to be grouted in concrete work and used to hold/ support the 
equipment/piping / ducting being supplied and erected under this 
specifications.  

v. Any additional items required to make the system complete.  
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vi. Initial charge of all lubricants and grease, etc. Further, all consumables 
required for PG tests shall also be in Bidder’s scope of supply. Grouting, 
dressing and final finishing of all foundations of various equipment, etc.  

vii. Repairing and making good/ sealing of cutouts / openings in floors, roofs and 
walls, for executing the works under this system and making them water tight 
as directed by the engineer. 
 Corrosion protection painting for all equipment / items by Bidder as detailed 
in relevant clauses of technical specification. 
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for volumetric computation and 1250 kg/m3 for torque, drive & structural load 
requirements. 
 

3. For the purpose of sizing of equipments and guarantee, MgCO3 shall be 
considered as unreactive dolomitic form. 

 
6.00.00 AIR CONDITIONING SYSTEM 
  
 GENERAL REQUIREMENTS 

1. All equipments shall be located indoor unless otherwise agreed to by the 
Employer. The equipment and layout shall generally be in accordance with the 
General Layout Plant drawings. 

2. The layout of all equipment and accessories shall be developed in a way to 
facilitate easy accessibility and maintenance of all equipments. 

3. Each equipment shall be provided with suitable lifting arrangement, e.g.  Lifting 
lugs, eye bolts, etc to facilitate maintenance. 

 

6.01.00 DESIGN PHILOSOPHY FOR AIR CONDITIONING 

1.  Design ambient conditions for all air conditioning system shall be as per 
Appendix-A. 

2. All equipments of Air Conditioning system shall be designed for continuous duty. 
3. All air conditioned areas shall be maintained at 24 deg. C ± (plus or minus) 1 deg. 

C and relative humidity of 50% ± (plus or minus) 5%. 
4. The fresh air quantity for air-conditioned areas of FGD Control Room etc. shall be 

0.45 M3/minutes/person or 1.5 air change per hour whichever is greater. Fresh 
air fan capacity shall be minimum 10% of the total CMH value of working indoor 
units. 

5. Lighting load shall be minimum 2 Watts/Sq. feet.  
6. The occupancy for general area shall be minimum one person per 10 Sq. M and 

for conference room the same shall be one per 3 Sq.M. In the equipment rooms 
etc, the occupancy may be one person per 25 Sq.M (Minimum). 

7. In Air conditioning system for FGD Control Room, return air shall be routed back 
to AHU room through plenum space. 

8. The supply and return air ducts shall be provided with automatic (motorised) fire 
dampers (of 90 minutes fire rating) at locations where ducts pass through walls & 
floors. Operation of these dampers shall be interlocked with the fire alarm system 
and shall also be possible to operate manually from the remote control panel. 
Required electrical contacts in control panel of A/C plant and further wiring upto 
fire alarm panels shall be done by Bidder. 
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9. Soft water make up (if required) for complete air conditioning system shall be 
provided by the bidder in-line with terminal point specified in technical 
specification. 

10. Coil face area of Air Handling units shall be designed considering a face velocity 
of not more than 2.5 m/sec.  

11. Air distribution system shall be sized to have a constant frictional drop along its 
length and velocity through ducts shall not exceed 7.6 m/sec. 

12. Requirement of Underdeck Insulation (for A/C area) 
Underdeck insulation of 50 mm nominal thickness of glass wool (32 Kg/cu.m) or 
rock wool (48 Kg/cu.m) shall be provided if 

 i) Non A/C area is located just above the A/C area. In this case, underdeck 
insulation shall be provided underneath of the ceiling of A/C area. 

 ii) Non A/C area is located just below the A/C area. In this case, underdeck 
insulation shall be provided underneath of the ceiling of Non A/C area. 

 iii) Underneath the ceiling of AHU room located below the A/C area or 
exposed to Atmosphere. 

13. AHU’s shall be provided with two stage of filteration i.e. pre and fine filter. All fresh 
air supply shall also be filtered using pre and fine filter. 

14. A minimum design margin of ten (10) % shall be considered in design of A/C Plant 
Capacity for each area.  

15. For areas like FGD control room where load is more than 15TR, direct expansion 
(D-X) type condensing unit (with AHU) shall be provided. For other areas where 
air conditioning requirement is 5-15 TR ductable split/packaged A/C shall be 
provided. If the air conditioning load is less than 5TR, then Hi-wall Split/Cassette 
air conditioner shall be provided. 

16. Insulation for supply and return air ducts: Supply and return ducts shall be   
insulated. All types of Insulation used for HVAC application shall be CFC/HCFC 
free. 

6.02.00 REDUNDANCY OF EQUIPMENTS 
6.02.01 Redundancy of various A/C system equipments shall be as follows: 
 a)  FGD Control Room Building  
 

i)  Air Cooled condensing units Air conditioners: 2X100% 
ii)  AHU: 2 X 100%  

 b) (N+1)  standby configuration  shall be provided for area served by Cassette / 
Hi-wall Split/ Ductable split AC/ Package type air conditioners for all other 
control rooms covered in the scope of this package. Here N stands for  
number of working ACs 

                       c)   Fresh air fans shall be 1 x 100 % Capacity for each AHU room. 
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6.03.00 DESIGN PHILOSOPHY – Ventilation System 

1. Air changes per hour in evaporative/ mechanically ventilated areas shall be 
as follows:  

 i) For all evaporative cooled areas   -  8 
 ii) General areas     - 20 

iii) MCC / Switchgear rooms and Battery              - 30 
rooms & other areas where     

  gaseous fumes/ vapours are generated 
2. However in areas producing lot of heat, temperature shall be the criteria as 

follows:- 
 a) Inside temperature shall be minimum 3 deg.C below the design ambient 

temperature during summer for evaporative cooled areas. 
 b) Inside Temperature shall be maximum 3 deg.C above the design ambient 

temperature during summer for mechanically ventilated areas. 
 Note: Dry bulb temperature during summer season mentioned in (Appendix-

A) Sub- section V, Part-A shall be considered as Design Ambient 
Temperature for above. 

  The criteria which gives higher number of air changes/higher quantity of air of 
either of condition (Cl. 1 or 2) flow shall be selected. 

3. All ventilation systems shall operate on 100% fresh air. All mechanically ventilated 
areas shall be positively ventilated by means of supply air fans fitted with filters 
and exhaust fans for ventilation of heat generating areas combination of supply 
air fans with exhaust air fans shall be provided. MCC / switchgear and cable 
gallery areas shall be provided with gravity operated back draft dampers in 
association with supply air fans in order to maintain positive pressure. Battery 
rooms and other fumes/odour generating areas shall be negatively ventilated by 
means of exhaust air fans / roof exhausters and intake louvers. All other areas 
like pump house, Blower/compressor house (if any), etc shall be positively 
ventilated by a combination of supply air fan and exhaust air fan. Supply air fan 
catering for electrical areas (MCC & Switchgear rooms) shall be provided with 
pre-filters and fine filters and for other areas shall be provided with pre-filter only. 
For Positive ventilation CFM of exhaust air shall be 60% of CFM required for 
supply air. Similarly for negatively ventilated area, CFM of supply shall be 60% of 
total CFM exhaust. 

4. All the equipments of Ventilation system shall be designed for continuous duty. 
5. The supply air ducts of evaporative type ventilation system entering into 

switchgear room, cable galleries etc. shall be provided with automatic 
(motorised) fire dampers (of 90 minutes fire rating). Operation of these dampers 
shall be interlocked with the fire alarm system and shall also be possible to 
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operate manually from the remote control panel. Required electrical contacts in 
control panel of A/C plant and further wiring upto fire alarm panels shall be done 
by Bidder. 

6. Circulating water Capacity for Air washer units shall be minimum 0.7 Cu.M/hr per 
1000 Cu.M /hr of air flow. Velocity through piping shall be limited to 2.0 m/sec and 
for gravity flow the same shall be limited to 1.5 m/sec. Air distribution system shall 
be sized to have a constant frictional drop along its length and air velocity through 
ducts shall not exceed 12.5 m/sec. 

7. For pumps, continuous motor rating (at 50oC ambient) shall be atleast 10% above 
the maximum load demand of the pump in the entire operating range. For fans, 
compressors and blowers continuous motor rating (at 50oC ambient) shall be 
atleast 10% above the maximum load demand at the design duty point. 

8. Supply air fans, exhaust air fans & ventilations of each area shall be provided with 
local starter panels. 
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Appendix-A 
 

Outside Design Ambient condition to be considered for Air Conditioning system and 
Ventilation System for various project/station are as under. 

Location Season Dry Bulb Temp. 
(Deg. C) 

Wet Bulb Temp. 
(Deg. C) 

    

Farakka 
 

Summer 41 25.5 

Monsoon 34.5 27.5 

Winter 15 10 

    
 
 

Kahalgaon 
 

Summer 43 27.5 

Monsoon 38 29 

Winter 6.5 5.5 

    
 
 

Korba 
 

Summer 43.9 25.6 

Monsoon 38.4 27.8 

Winter 15 10 

    

Ramagundam 
 

Summer 45 27.5 

Monsoon 35.8 28.3 

Winter 12.8 8.9 

    

Singrauli 
 

Summer 43.5 25.5 

Monsoon 38 27.5 

Winter 15 10 
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SUB SECTION-I-M2 
AIR CONDITIONING & 

VENTILATION SYSTEM

Page 
1 of 26 

1.00.00 GENERAL
1.01.00 This section of specification covers details of system specifications, detailing the 

areas to be air conditioned, basis of design, brief description of the system, 
equipment and services to be furnished by bidder.
The Design, Engineering, Supply, Construction, Erection, and Testing & 
Commissioning of all the equipments & works listed here shall be on the basis of 
single point responsibility in bidder’s scope of work for satisfactory completion of the 
system in all respect. 

2.00.00 AREAS TO BE AIR CONDITIONED 

2.01.00 The areas to be air-conditioned shall be as follows: 
a)   Air cooled condensing units (D-X type) type air conditioners with AHU of suitable 

capacity with 100 % redundancy (as per actual heat load calculation) shall be 
provided for FGD Control room building.

 b)  Cassette and Hi-wall Air-conditioners for Other auxiliary control room /control 
room buildings not listed above but covered in the scope of Bidder. 

3.00.00 AREAS TO BE VENTILATED 

3.01.00    (i) Modular type UAF units of suitable capacity (1x100%) shall be provided for 
non-air-conditioned area of FGD control room building considering design 
philosophy for evaporative type ventilation system mentioned in sub section- 
V (salient design data and sizing), Part-A of technical specification section VI. 
All non-air-conditioned area of FGD (cable gallery& MCC room shall be 
positively ventilated and exhaust shall be through gravity damper. 

      (ii) Mechanical Ventilation (using Roof extractors/ Supply and/or Exhaust fans) 
shall be provided for various other areas/buildings in the scope of bidder as 
under:

a) Grinding system building
b) Gypsum dewatering building
c) Recirculation pump & Oxidation blower/compressor building.

(iii)  Toilets etc in above building (i) & (ii). Any other area not listed above but 
covered in the scope of Bidder. 

 (iv)  For other miscellaneous areas/ buildings not listed above but covered in the 
scope of Bidder, mechanical type ventilation system using Supply and/or 
exhaust air fans/ roof exhausters shall be provided. 

3.02.00          All non-air-conditioned areas covered under this package shall be ventilated by a 
combination of supply/exhaust fans and fresh air in-take / back draft louvers as 
detailed below: 
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4.00.00 EQUIPMENT DESCRIPTION – AIR CONDITIONING SYSTEM 

4.01.00 Condensing Unit (Air-Cooled D-X type) 

Condensing unit 

Type : Air cooled  scroll type  

Vibration isolators : Steel spring / Neoprene rubber cushy foot type with 
isolation efficiency not less than 85%. 

Compressor   

Type : The Compressor shall be scroll, serviceable, either 
hermetic type or semi-hermetic type with automatic 
capacity control (minimum 3 steps).    

Type of drive : Motor driven, direct or through V-belt. 

Refrigerant : The refrigerant shall be R-134a/ R-410A/R-407C or 
any other environment friendly refrigerant. 

Accessories : High/Low pressure cutouts, oil pressure switches, 
relief valves, pressure gauges at each stage, lube oil 
and control oil pressure gauges, suction & discharge 
stop valves, Muffler, Crank case heaters, oil filters, 
magnetic oil separators, temperature indicators for 
lube oil/heaters, oil level indicators, safety thermostat 
for crank case heater, vibration isolators, etc. 

Motor Rating : 10% more than the power required by the 
compressor at 50 deg C design ambient 
temperature.

Capacity : Minimum capacity shall be suitable for the 
identified/selected at evaporating temperature and 

S.No Area Type of Ventilation system 

(i) General area like pump house,  
buildings etc 

Combination of Supply air fan            
& Exhaust air fans 

(ii) MCCs and Switchgear room 
etc

Supply air fan & Back draft              
dampers

(iii) Battery rooms & Oil rooms and 
fumes/odor generates  

Combination of intake louvers & 
Exhaust air/ roof extractor fans. 
Motors shall be flame proof. 

(iv) Toilet/pantry etc Propeller type exhaust air fan 
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condensing temperature and shall be indicated. 

4.02.00 Air Handling Unit (AHU)
4.02.01 Each AHU shall consist of casing, fan impeller section, cooling coil section, damper 

section, steel frame with anti vibration mountings (AVMs) having minimum 85% 
vibration dampening efficiency and flame retardant, water proof neoprene 
impregnated flexible connection on fan discharge. Isolation dampers at the suction 
and discharge of each AHU shall be provided, in case return air duct is directly 
connected to AHU. However, in case AHU room is used for return air, isolation 
dampers are required to be provided only at AHU discharge of each AHU. Pre-filter 
at the suction and fine (micro-vee type) and absolute (HEPA type) filters (wherever 
applicable) at the discharge of each individual AHU, and heater section in the 
common discharge of AHUs shall be provided. 

4.02.02 The casing of AHUs shall be of double skin construction. Double skin sandwich 
panels (inside and outside) shall be fabricated using minimum 0.63 mm (24g) 
galvanized steel sheet (thickness of galvanization as per manufacturer’s standard) , 
with 25mm thick polyurethane foam insulation of minimum 38 Kg/Cum density in 
between. Suitable reinforcements shall be provided to give structural strength to 
prevent any deformation/buckling. 

4.02.03 Sloping condensate drain pan shall be made of minimum 1.2 mm thick Stainless 
Sheet Steel. It shall be isolated from bottom floor panel through 25mm thick heavy 
duty treated for Fire (TF) quality expanded polystyrene or polyurethane foam. Drain 
pan shall extend beyond the coil. 

4.02.04 Cooling coil (min. 4 row deep) shall be made of seamless copper tubes with 
aluminium fins firmly bonded to copper tubes and shall be provided with suitable 
drains and vents connections.  

4.02.05 All filter plenum shall be provided with a walking platform inside the plenum chamber 
for filter cleaning purpose. Inspection door shall be provided at the plenum chamber 
and a removable type ladder shall be attached to plenum. 

4.02.06 Centrifugal fan for AHU 

a) Fan Type : Double Width Double Inlet (DWDI) Centrifugal 
Type 

b) Fan impeller : Backward curved blades 

c) Casing material : GI /Mild steel with minimum thickness of 3 
mm. 

d) Impeller material : Carbon steel  

e) Shaft : EN 8 Steel 

Page 69 of 525

51291/2020/PS-PEM-MAX
81

Page 35 of 538



CLAUSE NO. TECHNICAL REQUIREMENTS 

LOT-3 PROJECTS 
FLUE GAS DESULPHURISATION (FGD) SYSTEM 

PACKAGE

            TECHNICAL SPECIFICATION 
SECTION-VI 

BID DOC. NO.:CS-0011-109(3)-9

SUB SECTION-I-M2 
AIR CONDITIONING & 

VENTILATION SYSTEM

Page 
4 of 26 

f) Fan bearings : Self aligning type, permanently lubricated, 
heavy duty with a design life of 10,000 
operating hours. 

g) Critical speed : First critical speed of rotating assembly shall 
be at least 25% above the operating speed. 

h) Drive : Motor driven with removable belt guard. Motor 
driven with removable belt guard. Motor rating 
(at 50 deg.C ambient) shall be atleast fifteen 
percent (15%) above the maximum load 
demand of drives at the design duty point. 

i) Fans : For AHUs of capacity 50,000 CMH and above, 
Bidder may offer two (2) Nos. centrifugal fans 
of equal capacity for each AHU provided all 
such AHUs are accommodated within the 
space identified by the Employer.

4.02.07 Mixing Box:
Mixing box shall be complete with fresh and return air dampers. Mixing box shall be 
provided whenever the return air is ducted back to the AHU. Further, wherever 
return air is led back directly to AHU room, no mixing box is required.  

4.02.08 Pan Humidifier:

 Pan humidifier shall be made of 22 gauge SS 304 tank, duly insulated with 25 mm 
thick resin bonded fiber glass insulation (min. 24 Kg/m3 density) with 0.5 mm GSS
cladding. The humidifier shall be complete with stainless steel immersion heaters, 
safety thermostat, float valve with stainless steel ball, sight glass, overflow and drain 
connections, steam outlet nozzle and float switch. Step controller shall be provided 
for switching on / off heater banks as per system requirement. 

4.03.00 HI-WALL SPLIT/CASSETTE AIR-CONDITIONERS

4.03.01 Hi-wall Split/cassette air conditioners shall in general consist of the following: 

i) Casing 

ii) Hermetically sealed rotary/scroll Compressor  

iii) Condenser and condenser cooling fan 

iv) Evaporator along with fan 

v) Cooling coil 

vi) Filters 

vii) Piping, valves, refrigerant strainer, etc. 
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viii) Controls, instruments, control panel/starter panels. 

ix) Vibration isolator pads, etc as required. 

x) Refrigerant as per manufacturer practice. 

4.03.02 Indoor unit of Ceiling Mounted Cassette Type Unit (Multi Flow Type): 

The housing of the unit shall be powder coated galvanized steel. All the indoor units 
regardless of their difference in capacity should have same decorative panel size for 
harmonious aesthetic point of view.  

Unit shall have four way supply air grills on sides and return air grill in center. 

Each unit shall have high lift drain pump and very low operating sound. 

4.04.00 SPLIT/PACKAGED AIR CONDITIONERS 

4.04.01 Split/packaged air conditioners shall in general consist of following: 

I. Casing 

II. Compressor 

III. Condenser 

IV. Evaporator and condenser cooling fan 

V. Cooling Coil 

VI. Filters 

VII. Piping, Valves, refrigerant strainer etc. 

VIII. Control, instruments, control panel/starter panels. 

IX. Vibration isolator pads, ducting (if applicable) etc as required. 

5.00.00 EQUIPMENT DESCRIPTION - VENTILATION SYSTEM 
5.01.00 Unitary Air Filtration 
5.01.01 Each modular unitary air filtration shall consist of Casing, Tanks, Fans, Distribution 

plates, Moisture eliminator and water repellant type nylon filter with frame and 
support, Header and standpipe with support, Spray and flooding type nozzle. Screen 
type suction strainer, Pumps, Necessary controls & Instrumentation, and all other 
required accessories. 

5.01.02 The housing/ casing of air washer unit shall be double skin construction. Double skin 
panels shall be made of 22G galvanized sheet on outer side and 20G galvanized 
sheet inside with 25mm thick polyurethane foam insulation of minimum 38 kg/cub. 
Mtr. Density in between. Frame work for section shall be joined together with soft 
rubber gasket in between to make the joints air tight. The entire fan section shall be 
mounted on rolled formed GSS channel frame work. 
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5.01.03 The unitary air filtration tank shall be fabricated from MS plate of minimum 6 mm 
thick and inside and outside surface of the tank shall be spray galvanized (minimum
60 microns DFT). Minimum depth of the tank shall be 600 mm. Tank construction 
shall be such that the suction screen can be replaced while the unit is operating. 
Tank shall be provided with overflow, drain with valve, float valve makeup 
connection with a gate valve backup, quick fill connection with globe valve etc. The 
overflow pipe shall be connected to drain pipe after isolating valve on drain pipe. 

5.01.04 The distribution plate shall be fabricated out of 18G galvanized steel sheets & 
galvanized steel angle supports with minimum 50% free area. 

5.01.05 Unitary air filtration shall be one-bank construction. All header and stand pipes shall 
be galvanised. Cat walks of suitable width shall be provided for maintenance of 
nozzle, filter etc. 

5.01.06 The spray nozzles shall be of brass or bronze with chrome plating and shall be self 
cleaning type. The nozzle shall be designed to produce fine atomised spray and 
shall be properly spaced to give a uniform coverage of the air washer section. The 
pressure drop through the nozzle should be in the range of 1.4 to 2.4 Kg/cm2. 

5.01.07 The eliminator plates shall be of 24G thick GS sheets class 275 or from 100% virgin 
PVC of minimum finished thickness of 2 mm. The eliminator section made of GSS 
shall have minimum six bends. The PVC eliminators shall be UV stabilised using 
Titanium di-oxide and shall withstand the weathering test as per IS:4892 for 500 hrs. 
Type test report of the compound testing carried out in any reputed laboratory shall 
be submitted for approval. All supports, tie rods and space bar shall be of either 
galvanised steel or PVC construction and shall be complete with suitable drip tray 
and drain pipe. 

5.01.08 Air tight inspection doors of suitable size shall be provided for suction chamber. 
Spray chamber and fan suction for easy accessibility and maintenance and a water 
marine light be provided for each unitary air filtration. 

5.01.09 Suitable number of brass screen shall be provided in the air washer tank to arrest 
the dirt entering the circulating water pump suction. Suitable GI grid shall be used 
inside the screen for reinforcement. 

5.01.10 The specification for centrifugal fans shall generally be as indicated below. However, 
the fan shall be of DIDW type for UAF unit. 

5.01.11           Saturation efficiency of Unitary Air Filtration units shall be minimum 60%. 

5.02.00           Centrifugal Fan 
5.02.01 The casing shall be of welded construction fabricated with heavy gauge galvanised 

sheet steel or MS sheet with spray galvanization (minimum 60 micron DFT).  The 
minimum thickness of casing shall be 3 mm.  It shall be rigidly reinforced and 
supported by structural angles.  The seams shall be permanently sealed air-tight.  
Split casings shall be provided on larger sizes of fans.  Casing drain with valves shall 
be provided wherever required. 
The impeller shall have die-formed backward-curved blades tie welded to the rim 
and back plate to have a non overloading characteristic of the fan.  Rim shall be 
spun to have a smooth contour.  If required intermediate stiffening rings shall be 
provided. Shaft sleeves shall be furnished wherever required.  The impeller, pulley 
and shaft sleeves shall be secured to the shaft by key and/or nuts.   
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5.02.02 The bearing shall be self aligning, heavy duly ball, roller or sleeve bearing. They 
shall be adequately supported. They shall be easily accessible and lubricated 
properly from outside. 

5.02.03 Inlet guard shall be spun to have a smooth contour. Inlet screen, if provided, shall be 
of galvanised wire mesh of 25 mm square. 

5.02.04 Base plate with necessary number of spring type vibration isolators or ribbed 
neoprene rubber pad or cushy foot mounting shall be provided. The vibration 
isolators should have a minimum of 70% efficiency. 

5.02.05 The first critical speed of the rotating assembly shall be at least 25% above the 
opening speed. 

5.02.06 The fans shall be provided with V-belts and sheaves. All belts shall be sized for 
150% rated HP. All V-belt shall be equipped with removable belt guards that do not 
impede the air flow to the fan inlet. There shall be a minimum of two belts per drive. 
Motor rating (at 50 deg.C ambient) shall be atleast fifteen percent (15%) above the 
maximum load demand of drives at the design duty point. 

5.03.0            Roof Ventilators (If applicable) 
5.03.01 The roof extractors shall be “COWL” type. 
5.03.02 Impeller shall be of axial flow type, cast Aluminium in one piece and dynamically 

balanced. Casing shall be heavy gauge sheet steel construction of 3 mm thick for 
impeller upto 750 mm diameter and 5 mm for fans with impeller of diameter 750 and 
above.  In casing, access door with locking arrangement be provided. 

5.03.03 The cowl shall be designed for weather protection of the fan also inside of the roof 
on which the extractor is installed. Galvanised bird screen of 15 mm Square be 
provided with the cowl. All accessories, steel supports as required will be provided. 

5.03.04 The speed of the fan be limited as per limitation given above for axial fans. 
5.03.05  All accessories rain protection exhaust hood, transformation piece, vibration       

isolators, steel supports vibration isolators, bird screen, etc. as required shall be 
provided. 

5.03.06 The vibration level for fans shall be as per ISO: 14694. 

5.04.00 Centrifugal Pumps  

a) Type  : Horizontal Centrifugal,  Axially or radial split type  
casing pump or end suction, top discharge 
horizontal centrifugal pump

b) Impeller : Closed type 

c) Material  of 
Construction  

 i) Casing : 2% Ni Cast Iron : IS:210 Gr. FG-260 

 ii) Impeller : Bronze IS:318 Gr-2 
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 iii) Wearing rings : Bronze 

 iv) Shaft : SS 316 

 v) Shaft sleeve : SS 316 

 vi) Lantern ring : Brass / Bronze 

 vii) Packing : Asbestos free 

 viii) Base Plate : Carbon steel as per IS:2062  

 ix) Speed : Maximum 1500 rpm 

 x) Other requirements : To refer to Annexure-I titled “Horizontal Pumps” 
of this sub section.  

5.05.0            Axial Fans 
5.05.01 These fans shall have fixed / variable pitch cast aluminum blades of aerofoil design. 
5.05.02 The fan casing shall be of heavy gauge sheet steel construction.  
5.05.03 Necessary rain protection cowl, inlet and outlet cones, bird protection screen, 

adjustable damper, vibration isolators, back draft dampers etc. shall be provided. 
5.05.04 The speed of the fan shall not exceed 960 rpm for fan with impeller diameter above 

450 mm and 1400 rpm for fan with impeller diameter 450 mm or less. However for 
fans having static pressure of 30 mm WC or above the speed of the fan shall not 
exceed 1440 rpm for fan with impeller diameter of above 450 mm and 2800 rpm for 
fan with impeller diameter of 450 mm or less. The first critical speed of rotating 
assembly shall be atleast 25% above the operating speed. 

5.05.05 All other accessories like supporting structure etc. as required shall be provided. 

5.05.06 Fans of capacity 1000 m3/hr & lower shall be of propeller exhaust type. 

6.00.00 BALANCE EQUIPMENT SPECIFICATION 

 6.01.00 Material of Construction for Piping & Fittings

a) Piping for Chilled 
and Condenser 
water lines

: Heavy grade-IS:1239 or Equivalent upto150 NB 
and IS:3589 or Equivalent  for pipes beyond 200 
NB with thickness as indicated in Annexure-II

b) Refrigerant piping : : Seamless steel tubes conforming heavy grade 
IS:1239 or copper tubes as per IS:2501 (copper 
material as per IS:191 hard copper grade). 

c) Drain piping  : Same as (a) above & galvanized as per IS:4736. 
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d) Fittings : 1) The steel fittings shall conform to ASTM A234 
Gr. WPB and dimensional standard to ANSI B 
16.9/ANSI B16.11 / equivalent for sizes 65 NB 
and above. 

2) For sizes 50 NB and below, the material shall 
conform to ASTM A-105. 

3) All steel flanges shall be of slip on type and 
shall conform to ANSI B 16.5 

4) For pipe sizes above 350 NB, fabricated fittings 
from sheets of adequate thickness may be 
used. The bend radius in case of mitre bends 
shall be minimum 1.5 times the nominal pipe 
diameter and angle between two adjacent 
sections shall not be more than 22.5 deg and 
shall be as per BS:2633/BS:534. 

5) Fittings, flanges and pipe joints  of  refrigerant 
piping shall conform to ANSI B31.5 

6.02.00 VALVES
6.02.01 Valves shall have full sizes port and suitable for horizontal and as well as vertical  

 installation. 
6.02.02 Valves for regulating duty shall be of globe type suitable for controlling throughout 

 its lift. 
6.02.03 All safety /relief valves shall be so constructed that the failure of any part does not 

 obstruct the free discharge. 
6.02.04 Valves shall be furnished with back seating arrangement for repacking while 

 working under full working pressure. 
6.02.05 Manual gear operators be provided for valves of size 200 NB and above. 
6.02.06 All valves shall be supplied with companion flanges, nut, bolts & washers, etc. 
6.02.07 The refrigerant line valves shall have steel or brass body with TEFLON gland 

 packing. The construction of disc shall be either globe or angle type. The valve seat 
 shall have white metal lining or equivalent. 

6.02.08 Gate valves shall be of Cast Iron body (confirming to IS:210 Gr FG 220/equivalent) 
for sizes 65 NB and above conforming to fIS :14846. Gun Metal construction for 
sizes less than 65NB   shall be as per IS:778. Butterfly valves shall conform to latest 
revision of BS:5155 or equivalent standard of required class/rating. 

6.03.00 AIR FILTERS

6.03.01 Pre Filter 

1) Type : Flange / Cassette 

2) Pre-filter shall contain washable non-woven synthetic fiber or High density 
Polyethylene (HDPE) media having 18G GSS / 16G Al alloy frame. The filter 
media shall be supported with HDPE mesh on air inlet side & Aluminium 
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expanded metal on exit side or G.I. wire mesh on both sides. 

3) Other requirements : (as applicable) 

 a) Suitable aluminium spacers be provided for uniform air flow; 

 b) Casing shall be provided with neoprene sponge rubber sealing. 

 c) Capable of being cleaned by water flushing. 

 d) Density of filter medium shall increase in the direction of air flow in case 
of metallic filter. 

 e) Filter media shall be fire retardant and resistant to moisture, fungi, 
bacteria & frost. 

4) Efficiency : 

 Average arrestance of 65 - 80 % when tested in accordance with 
BS:6540/ASHRAE – 52 – 76 / EN-779.  

5) Minimum thickness : 50 mm  

6) Face Velocity  : Not more than 2.5 m/sec. 

7) Pressure drop : Initial pressure drop - Not to exceed 5.0 mm WC at 
rated flow.  
Final pressure drop - Upto 7.5 mm WC. 

8) Location : a) At the suction of each AHUs  

  : b) At the suction of each Fresh air fan 

6.03.02 Fine Filters (Microvee type) 

1) Type : Flange / Cassette  

2) Fine filter shall contain washable non-woven synthetic fibre or High density 
Polyethylene (HDPE) media having 18G GSS / 16G Al alloy frame. The filter 
media shall be supported with HDPE mesh on air inlet side & Aluminium 
expanded metal on exit side or G.I. wire mesh on both sides. 

3) Other requirements : a) A neoprene sponge rubber sealing shall be 
provided on either face of the filter frame. 

b) Capable of being cleaned by air or water 
flushing. 

c) Filter media shall be fire retardant and 
resistant to moisture, fungi, bacteria & frost. 
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4) Efficiency : Average arrestance > 90% when tested in 
accordance with BS:6540/ASHRAE–52-76 / EN-
779.

5) Minimum thickness : 150 mm or 300 mm. 

6) Face Velocity : Not more than 1.2 m/sec for 150 mm and not 
more than   2.4 m/sec. for 300 mm. 

7) Pressure drop : Initial pressure drop - Not to exceed 10 mm WC at 
rated flow ; Final pressure drop-Up to 25 mm WC. 

8) Location : i) At the discharge of each individual AHU.  
ii) At the discharge of each Fresh air fan.  

6.04.00 LOW PRESSURE AIR DISTRIBUTION SYSTEM 
6.04.01 Material of air distribution system shall be through galvanized steel sheet 

(Conforming to Class 275 of IS :277) or Aluminium alloy (grade 19000 / SIC or 3100 
/ NS3 of IS:737). GI Sheets should be galvanized and galvanizing shall be of 275 
gms/sq.m. (total coating on both sides) both for site fabricated and factory fabricated 
ducts. 

6.04.02 Thickness of rectangular ducts shall be as follows: 

Larger Dimension of duct (mm) Thickness of GI 
sheet(mm)

Thickness of Aluminium 
sheet (mm) 

up to 750 mm 0.63 (24 G) 0.80 
751 to 1500 0.80 (22 G) 1.00 
1501 to 2250 1.00 (20 G) 1.50 

2251 & above  1.25 (18 G) 1.80 

6.04.03 Thickness of round ducts shall be as follows: 

Diameter of Round duct 
(mm) 

Thickness of GI           
sheet(mm) 

Thickness of 
Aluminium sheet (mm)

150 to 500 0.63 0.80 

501 to 750 0.80 1.00 

751 to 1000 0.80 1.00 

1001 to 1250 1.00 1.50 

1251 & above 1.25 1.80 
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6.04.04 Duct Fabrication and Supports:

a) Duct fabrication shall be as per the latest relevant BIS/SMACNA standard.  

b) Ducts for A/C system may be site fabricated or factory fabricated.

c) The ducts routed inside the buildings with larger side greater than 2250 mm 
shall be supported by 16mm MS rods and 50x50x3 mm MS double Angles 
while those below 2250 mm shall be supported by 10mm MS Rods and 
40x40x3 MS angles. The duct supports shall be at a distance of not more 
than 2000 mm for A/C system. The MS rods for these ducts routed inside 
the building shall be hung from the existing floor beams/wall beams/roof 
beams/columns with provision of necessary auxiliary or special steel 
members or by hooks or can be provided by dash fasteners fixed to the 
ceiling slab. No supports shall be taken from horizontal/vertical bracings of 
the structures. All items of duct support including MS rods, MS angles and 
double angles, auxiliary or special steel members, hooks, dash fasteners 
coach screws and all other supporting material required shall be provided by 
the bidder. Where ever ducts are running outside the building and or at 
locations where it is not possible to support the ducts from ceiling/floor due 
to non-availability of the same, the base steel frame/truss work and other 
auxiliary steel members, hooks, rods, etc. for supporting the duct work shall 
also be provided by the Bidder. 

d) Where the sheet metal duct connects to the intake or discharge of fan units 
a flexible connection of fire retarding, at least 150 mm width shall be 
provided of closely woven, rubber impregnated double layer 
asbestos/canvas or neoprene coated fibre glass. 

e) All curves, bends, off-sets and other transformations shall be made for easy 
and noiseless flow of air.  The throat of every branch duct shall be sized to 
have the same velocity as in the main duct to which the branch duct is 
connected. 

f) Wherever duct passes through a wall, the opening between masonry and 
duct work shall be neatly caulked or sealed to prevent movement of air from 
one space to the adjoining space. 

g) Wherever pipe hangers or rods pass through the ducts, light and streamline 
easement around the same shall be provided to maintain smooth flow of air. 

h) Access doors shall be provided in the duct work or casing on the both sides 
of the equipment to be serviced.  All access doors shall be of adequate size 
and shall be lined with substantial felt edging to prevent air leakage.  Access 
doors shall be of built up construction, structurally strong and each shall 
have at least two hinges.  Access doors shall have two rust proof window 
sash of approved type.  All doors shall be set so as to flush with insulation 
or plaster finish on the duct. 

6.04.05 Splitters and dampers shall be provided for equipment/area isolation and for 
proportional volume control of system. The same shall be minimum 16 gauge GS 
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sheet of quadrant type with suitable locking device, mounted outside of duct in 
accessible position.  

6.04.06 Factory fabricated ducts :
i)  All ducting shall be fabricated of LFQ (Lock Forming Quality) grade prime 

G.I.  

ii)  Unless otherwise specified here, the construction, erection, testing and 
performance of the ducting system shall conform to the SMACNA-1995 
standards (“HVAC Duct Construction Standards-Metal and Flexible-Second 
Edition-1995” SMACNA) 

 iii)     All ductwork including straight sections, tapers, elbows, branches, show 
pieces, collars, terminal boxes and other transformation pieces must be 
factory fabricated by utilizing the machines and processes as specified in 
SMACNA or by equivalent technology. In equivalent method, the fabrication 
shall be done by utilizing the following machines and process to provide the 
requisite quality of ducts and speed of supply: 

a) Coil lines to ensure location of longitudinal seams at corners/folded edges 
only to obtain the required duct rigidity and low leakage characteristics. No 
longitudinal seams permitted along any face side of the duct. 

b) All ducts, transformation pieces and fittings to be made on CNC profile 
cutters for required accuracy of dimensions, location and dimensions of 
notches at the folding lines. 

c) All edges to be machine treated using lock formers, flangers and roll-bending 
for turning up edges. 

d) Sealant dispensing equipment should be used for applying built-in sealant in 
Pittsburgh lock where sealing of longitudinal joints are specified. Sealing of 
longitudinal joint is compulsory for the ducts over 2” w.g. static pressure 

iv) All transverse connectors shall be 4-bolt slip-on flange system with built-in 
sealant, if any. To avoid any leakage additional sealant shall be used.  

 v)      Factory fabricated ducts shall have the thickness of the sheet as follows: 

6.05.00            Diffusers, Grills & Dampers :
6.05.01 Supply air diffusers/grills with factory fitted volume control dampers be provided for 

all air-conditioned areas. 
6.05.02 Return air diffusers of air-conditioned areas shall be without volume control 

dampers. 
6.05.03 The diffusers/grills shall be of extruded Aluminum of minimum 1.2 mm thick with 

powder coating. The colour of power coating shall be as per the interior décor. 

Sl.No. Size of Duct Sheet Thickness 
i) upto 750 mm 0.63 mm 
ii) 751 mm to 1500 mm 0.80 mm 
iii) 1501 mm to 2250 mm 1.00 mm 
iv) 2251 mm and above 1.25 mm 
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6.05.04 Supply air grills shall be of double deflection type and return air grills shall be of 
single deflection type. 

6.05.05 All volume control (VC) damper shall be operated by a key from the front of the 
grills/diffusers and shall be of GI sheet. 

6.05.06 The thickness of VC dampers shall be of minimum 20 gauge and thickness of 
louvers shall be of minimum 22 gauge. 

6.05.07 Suitable vanes shall be provided in the duct collar to have uniform and proper air 
distribution.  Bank of Baffles wherever required shall also be provided. 

6.05.08 Fire dampers shall be motor operated type and shall have fire rating of minimum 90 
minutes. 

6.05.09 All plenum chambers of connections to fans, dampers etc shall be constructed in 18 
gauge GS sheet and supported on MS angle frames. 

6.05.10 All ducting surfaces coming in contact with corrosive fumes or gases shall be 
painted with three coats of epoxy paint over a coat of suitable primer. 

6.06.0                Thermal and Acoustic Insulation 
6.06.01 A) Application with Glass Wool / Rockwool 

(i) All surfaces to be insulated both thermally and acoustically shall be 
thoroughly cleaned, dried and an adhesive (CPRX compound of Shalimar 
Tar Products / Loid bond 83 or Equivalent) be applied @ 1.5 Kg /Sqm on the 
surface. 

(ii) Insulation material (either expanded polystyrene foam or Glass Wool/ Glass 
fiber / Rockwool) shall be struck to the surface. All the joints shall be sealed 
with bitumen. 

(iii) Insulation mass to be covered with 500 gauge polythene sheet with 50 mm 
overlaps and sealing all joints on hot side or alternatively aluminum foil can 
be used which can come as lamination over insulation. 

(iv) Insulation Finish of types specified under shall be provided thereafter.. 
   
             B)       Application with Nitrile Rubber

(i) All surfaces to be insulated shall be properly cleaned. 

(ii) A suitable adhesive such as SR 998 or equivalent shall be applied over the 
surfaces to be insulated and insulation material surfaces. 

(iii)   Insulating material shall than be pasted onto the surfaces in a manner to 
avoid stretching and any air entrapment within. 

(iv) Two layers of Glass Cloth with a suitable adhesive as SR 998 or equivalent 
shall be then applied over the insulating material to avoid surface weathering. 

C)  Application with Polyurethane Foam & Polyisocyanurate Foam 
i) All surfaces to be insulated shall be cleaned. 
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ii) A suitable adhesive such as CPRX or Loid Bond 83 or equivalent shall be 
applied over the surface to be insulated and insulation material surfaces. 

iii) Insulating material with aluminum foil lamination shall then be pasted onto 
the surface in a manner to avoid stretching and any air entrapment within. 

iv) Two layers of Glass Cloth with a suitable adhesive as Loid Bond 130 shall be 
then applied over the insulating material, to avoid surface weathering. 

v) Insulation Finish of types specified under shall be provided thereafter.  

6.06.02  Type of Insulation & Finish 
   

Sl. 
No. 

Surface Insulation 
Material

Insulation
Form

Thick
(mm) 

Finish (mm) 

1. Supply & 
return air duct 
of AC System

Resin bonded 
glass wool
             or

Roll /Slab 50 F-3  

Closed Cell 
Elastomeric 

Nitrile Rubber

sheet 19 As per 
manufacturer 

std.

or
Polyisocyanurate 

Foam
Slab 30 F-3 

2. Refrigerant 
(Suction and 

liquid lines)

Closed Cell 
Elastomeric 

Nitrile Rubber

tube 19  As per 
manufacturer 

std.

or
Rigid 
Polyurethane
Foam

Pipe
Section

50 F-1 (a) 

3. AHU drain 
pipe

Closed Cell 
Elastomeric 

Nitrile Rubber

tube 19  As per 
manufacturer 

std.

or
Rigid 
Polyurethane
Foam

Pipe
Section

50 F-1 (a) 

4. AHU 
condensate 

pan (insulation 

Mineral wool or 
resin bonded 

glass wool 

Slab 25 As per 
manufacturer 

std.
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Sl. 
No. 

Surface Insulation 
Material

Insulation
Form

Thick
(mm) 

Finish (mm) 

if required)

5. Chilled water 
piping, valves 
& specialties

Resin bonded 
Mineral wool or 

resin bonded 
glass wool

Pipe
section

75 F-1/F-3 

or
Rigid 
Polyurethane
Foam

Pipe
Section

50 F-3 

6. Chiller 
(insulation if 

required)

------------------- As per manufacturer std.---------------------- 

7. Chilled water 
pumps

Resin bonded 
Rockwool wool or 

resin bonded 
glass wool

Slab 75 F-1/ F-3 

or
Rigid 
Polyurethane
Foam

Slab 50 F-3 

8. Expansion 
tank with 

associated 
piping 

Resin bonded 
Rockwool wool or 

resin bonded 
glass wool

Slab/ Pipe 
section

 75 F-1/ F-3 

 or 
Rigid 
Polyurethane
Foam

Slab 50 F-3 

9. Acoustic 
insulation of 

duct

Resin bonded 
Glass wool

Slab 25 As per 
specifications

10. Exposed air 
duct

Resin bonded 
Glass 
wool/Rockwool 

Roll/Slab 50 F-4 

or
Polyisocyanurate 

Slab 50      F-4(a)
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Sl. 
No. 

Surface Insulation 
Material

Insulation
Form

Thick
(mm) 

Finish (mm) 

Foam

6.06.03 Specification for insulation shall be as follows: - 
   

Insulation Material Code Thermal 
conductivity 

(w/m/oC

Density Kg/m3

Resin bonded glass wool  IS:8183 0.049 at 50oC

0.043 at 50oC

i) 24  (For Glass 
wool) 

ii) 48 (For 
Rockwool) 

iii)  48(For acoustic 
insulation)  

Mineral wool pipe  
section. Min.Gr.2 

IS:9842 0.043 at 50oC 144

Closed Cell Elastomeric 
Nitrile Rubber 

0.036 at 20oC 40 – 60 

Polyurethane Foam 

Polyisocyanurate Foam 
IS12436

0.03 at 50 oC

0.03 at 50 oC

34 + 2 

34 + 2 

Note : Insulation used for HVAC application shall be CFC/HCFC free 

6.06.04            The specification for various finishes shall be as follows 
   

a) Finish F-1 ( with Resin Bonded Glass Wool/Resin Bonded Mineral Wool) 
Step-1  Wrapping of Poly-Bonded Hessain (PBH – to act as vapour seal)  

on outer surface of insulation with 50 mm overlap stitching  and 
sealing of overlap with synthetic adhesive like CPRX  or Equivalent 
compound.

Step-2 The surface then shall be wrapped with 19 mm mesh 24 SWG GI 
wire netting, butting all the joints and laced down with 22 SWG 
lacing wire. 
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Step-3 Sand cement (4:1) plaster shall be applied in two layers totalling to 
12.5 mm thick, the second layer being brought to a smooth finish.  A 
water proofing compound shall be added to the cement before its 
application.  

aa) Finish F-1(a)  (With Polyurethane Foam & Polyisocyanurate Foam) 
Wrapping of two layers of 7 mil 10 x 10 mesh glass cloth dipped in 
suitable adhesive such as SR 998 or Loid Bond 130 equivalent

b) Finish F-2 
Step-1 Insulation shall be covered with 500g polythene with 50mm overlap 

and sealing of overlap with synthetic adhesive like CPRX/ Loid Bond 
83 or Equivalent compound. 

Step-2  Same as Step-2 of Finish F-1 above.

Step-3  Same as Step-3 of Finish F-1 above. 

c) Finish F-3 
Step-1 Same as Step-1 of Finish F-2 above  

Step-2 The polythene shall be covered with  26 gauge Aluminium sheet and 
locking of joints with self-locking screws at a pitch of minimum 100 
mm.

d) Finish F-4 
Step-1 Same as Step-1 of Finish F-1 above.  
Step-2 Same as Step-2 of Finish F-1 above.  
Step-3 Same as Step-3 of Finish F-1 above.  
Step-4 Application of 3 mm thick coat of suitable water proofing compound 

and wrapped with fibre glass RP tissue followed by final coat of 3 
mm thick water proofing compound over the RP tissue.  

Step-5 After the above treatment, 22G Aluminium sheet cladding, properly 
stiched at all joints shall be provided over the external surface.

dd) Finish F-4(a) (With  FR Closed Cell Chemically Cross Linked 
Polyethylene) 

Application of aluminium sheet 22G cladding to be provided over 
the XLPE insulating material. Cladding sheet is held in position with 
SDST screws @ 150 mm C/c over tongue-in-groove joints applied 
with a felt for sealing joint against water ingress.  
All sheet joints to be done in a manner to shed water.
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6.06.05         For all inspection covers and hatches on equipment, pump casing, valve bodies   and 
flanges (100 mm and above), insulation shall be applied so as to facilitate removal 
without minimum damage to the insulation by encasing the insulation in 24 gauge GI 
box or 22 gauge Aluminium sheet metal boxes which are bolted together around the 
equipment. However continuity of the vapour seal between the static and removable 
portions of the insulation is to be maintained. 

6.06.06           ACOUSTIC INSULATION 
a) All ducts up to a distance of 5 meters from AHU shall be acoustically lined 

from inside with 25 mm thick resin bonded glass wool of 48 Kg/Cu.M. density 
and 30 gauge perforated aluminium sheet having 5 mm dia perforation at 8 
to 10 mm centre-to-centre distance.  Insulation shall be fixed on wooden 
frame of 600 x 600 mm dimension. 

b)        Fibre glass tissue sheet shall be applied over the outer surface of insulation          
before applying perforated aluminium sheet. Application of acoustic insulation 
shall be inline with the requirements specified above. 

7.00.00 PLANT CONTROL
7.01.00 Brief scheme of controlling the operation is described below. Detailed description of 

the control system for safe and efficient operation of the plant shall be elaborated, 
got approved from employer. The descriptions in the sub-sections of the control & 
instrument sections shall also be referred to. 

7.02.00          Control Scheme for Air-Conditioning System

7.02.01 Contractor shall provide microprocessor/PLC/GIU based control system for control 
and monitoring of air conditioning and ventilation system as per manufacturer’s 
standard practice. Control and monitoring of air conditioning and ventilation system 
from FGD control system is also acceptable. 

7.03.00 Air Handling Unit

a) Humidity sensor and gyserstat located in the return air duct shall actuate the 
PAN humidifier to obtain the desired degree of humidification. 

 b) Humidity and temp. sensor shall be provided and interlocked in steps with winter 
heater / re-heater / strip heaters for monsoon and winter re-heating or heating as 
the case may be.   

  c) Heater banks shall be interlocked with the running of AHU, temperature of return 
air, humidity of return air and safety thermostat (airstat - located in front of the 
each heater in the supply air duct) 

 d) AHU shall be started either locally or from the main control room of AC system 
by means of Remote / Manual selection facility. 

 e) The closure of fire dampers, automatic tripping of AHU fans and fresh air fans 
shall be interlocked with Fire Detection System. 

7.05.00 Cassette /Hi-wall Split Air Conditioners 
 Control and interlocks for these type of units shall be as per manufacturer’s standard 

practice.
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7.06.00 Miscellaneous Control Requirements
 a) The fans (both supply and exhaust fans) associated with mechanical ventilation 

system shall be operated locally. 

 b) Relative humidity and temperature measurement of all control rooms and all 
major air-conditioned areas shall made be available in FGD control system. 

8.00.00 PAINTING:  
8.01.00 All the Equipments shall be protected against external corrosion by providing    

suitable painting. 
8.02.00         The surfaces of stainless steel, Galvanized steel, Gunmetal, brass, bronze and non-

metallic components shall not be applied with any painting. The Contractor shall 
clean the external surfaces and internal surfaces before Erection by wire brushing 
and air blowing.  The steel surface to be applied with painting shall be thoroughly 
cleaned before applying painting by brushing, shot blasting, etc. as per the agreed 
procedure. 

8.03.00       For all the steel surfaces (external) exposed to atmosphere (outdoor installation),  
one(1) coat of red oxide primer of thickness 30 to 35 microns followed up with three 
(3) coats of synthetic enamel paint, with 25 microns as thickness of each coat, shall 
be applied.

8.04.00         For all the steel surfaces inside the building (indoor installation), One (1) Coat of red 
oxide primer of thickness 30 to 35 microns followed up with two (2) coats synthetic 
enamel paint, with 25 microns as thickness of each coat shall be applied.

8.05.00 For centrifugal fans - Casing shall have hot dip/ spray galvanization (minimum 60 
micron DFT). 

8.06.00 However, for all parts coming in contact with acid fumes (in Battery rooms), a coat of 
epoxy resin based zinc phosphate primer of minimum thickness 30 to 35 microns 
followed up with undercoat of epoxy resin based paint pigmented with Titanium 
dioxide of minimum thickness of 25 microns shall be applied and a top coat 
consisting of one coat of epoxy paint of approved shade and colour with glossy finish 
of minimum thickness of 25 microns. 

9.00.00 CODES & STANDARDS 
9.01.00 The design, manufacture and performance of equipment shall comply with all 

currently applicable statues, regulations and safety codes in the locality where the 
equipments are to be installed. Nothing in this specification shall be considered to 
relieve the bidder of this responsibility. 

9.02.00 Unless otherwise specified, equipment shall conform to the latest applicable Indian 
or IEC standard. Equipment complying with other authoritative standards such as 
British, USA, ASHRAE etc. will also be considered if it ensures performance 
equivalent or superior to Indian Standard. 
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Annexure –I

GENERAL SPECIFICATION FOR HORIZONTAL PUMPS 

1)  SCOPE
This specification covers the design, material, construction features, manufacture, 
inspection, testing the performance at the Vendor’s/Sub-Vendor’s Works and 
delivery to site of Horizontal Centrifugal Pumps. 

2)  CODES AND STANDARDS 
The design, material, construction, manufacture inspection and performance 
testing of Horizontal Centrifugal Pumps shall comply with all currently applicable 
statutes, regulations and safety codes in the locality where the Equipment will be 
installed.  Nothing in these specifications shall be construed to relieve the Vendor 
of this responsibility.  The Equipment supplied shall comply with the latest 
applicable Indian Standards listed below.  Other National Standards are 
acceptable, if they are established to be equal or superior to the Indian Standards. 

3)  List of Applicable Standards. 
IS : 1520   : Horizontal Centrifugal Pumps for clear cold fresh water 
IS : 5120   : Technical requirements of roto dynamic special purpose pumps 
API : 610   : Centrifugal pumps for general refinery service. 
IS : 5639   : Pumps Handling Chemicals & corrosion liquids 
IS : 5659   : Pumps for process water 
HIS           : Hydraulic Institute Standards, USA 
ASTM-1-165-65  Standards Methods for Liquid Penetration Inspection. 
In case of any contradiction with aforesaid standards and the stipulations as per 
the technical specifications as specified hereinafter the stipulations of the technical 
specifications shall prevail.  

4)  DESIGN REQUIREMENTS 

a)  The Pump shall be capable of developing the required total head at rated capacity 
for continuous operation.  Also the pumps shall be capable of being operated to 
give satisfactory performance at any point on the HQ characteristics curve. The 
operating range of the pump shall be 40% to 120% of the duty point unless 
otherwise mentioned elsewhere. The maximum efficiency of pump shall preferably 
be within ± 10% of the rated design flow as indicated in data sheets. 

b)  The total head capacity curve shall be continuously rising from the operating point 
towards shut-off without any zone of instability and with a minimum shut-off head 
of about 15% more than the design head. 
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Annexure –I

c)  Pumps of a particular category shall be identical and shall be suitable for parallel 
operation with equal load division.  The head Vs capacity and BHP Vs capacity 
characteristics should match to ensure even load sharing and trouble free 
operation throughout the range.  Components of identical pumps shall be 
interchangeable. 

d)  Pumps shall run smoothly without undue noise and vibration.  Peak to peak 
vibration limits shall be restricted to the following values during operation: 
Speed                         Antifriction Bearing           Sleeve Bearing 
1500 rpm and below 75.0 micron                      75.0 micron 
3000 rpm              50.0 micron                      65.0 micron  
The noise level shall not exceed 85 dBA overall sound pressure level reference 
0.0002 microbar (the standard pressure reference for air sound measurement) at a 
distance of 1 M from the equipment surface. 

e)  The pumps shall be capable of starting with discharge valve fully open and close 
condition. Motors shall be selected to suit to the above requirements. Continuous 
Motor rating (at 50 deg.C ambient) shall be atleast ten percent (10%) above the 
maximum load demand of the pump in the entire operating range to take care of 
the system frequency variation and no case less than the maximum power 
requirement at any condition of the entire characteristic curve of the pump. 

f)  The kW rating of the drive unit shall be based on continuously driving the 
connected equipment for the conditions specified.  However, in cases where 
parallel operation of the pumps are specified, the actual motor rating is to be 
selected by the Bidder considering overloading of the pumps in the event of 
tripping of operating pump(s).  

g)  Pumps shall be so designed that pump impellers and other accessories of the 
pumps are not damaged due to flow reversal. 

h)  The Contractor under this specification shall assume full responsibility in the 
operation of pump and motor as a unit. 

5)  DESIGN CONSTRUCTION 

a)  Design and construction of various components of the pumps shall conform to the 
following general specifications.  For material of construction of the components, 
data sheets shall be referred to. 
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b)  Pump Casing 
Pump casing shall have axially or radially split type construction as specified.  The 
casing shall be designed to withstand the maximum shut-off pressure developed 
by the pump at the pumping temperature. 
Pump casing shall be provided with a vent connection and piping with fittings & 
valves.  Casing drain as required shall be provided complete with drain valves, 
piping and plugs.  It shall be provided with a connection for suction and discharge 
pressure gauge as standard feature.  It shall be structurally sound to provide 
housing for the pump assembly and shall be designed hydraulically to minimum 
radial load at part load operation. 

c)  Impeller
Impeller shall be closed, semi-closed or open type as specified elsewhere and 
designed in conformance with the detailed analysis of the liquid being handled. 
The impeller shall be secured to the shaft, and shall be retained against 
circumferential movement by keying, pinning or lock rings.  On pumps with 
overhung shaft, impellers shall be secured to the shaft by a lockout or cap screw 
which tightness in the direction of normal rotation. 

d)  Impeller/Casing Wearing Rings 
Replaceable type wearing rings shall be provided at suitable locations of pumps.  
Suitable method of locking the wearing ring shall be used.  Wearing rings shall be 
provided in pump casing and/or impeller as per manufacturer’s standard practice. 

e)  Shaft
The critical speed shall be well away from the operating speed and in no case less 
than 130% of the rated speed. 
The shaft shall be ground and polished to final dimensions and shall be adequately 
sized to withstand all stresses from rotor weight, hydraulic loads, vibration and 
torques coming in during operation. 

f)  Shaft Sleeves 
Renewable type fine finished shaft sleeves shall be provided at the stuffing 
boxes/mechanical seals.  Length of the shaft sleeves must extend beyond the 
outer faces of gland packing of seal end plates so as to distinguish between the 
leakage between shaft and shaft sleeve and that past the seals/gland. 
Shaft sleeves shall be fastened to the shaft to prevent any leakage or loosening.  
Shaft and shaft sleeve assembly should ensure concentric rotation. 
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g)  Bearings 
Heavy duty bearings, adequately designed for the type of service specified in the 
enclosed pump data sheet and for long, trouble free operation shall be furnished. 
The bearings offered shall be capable of taking both the radial and axial thrust 
coming into play during operation.  In case, sleeve bearings are offered additional 
thrust bearings shall be provided.  Antifriction bearings of standard type, if 
provided, shall be selected for a minimum life 20,000 hrs. of continuous operation 
at maximum axial and radial loads and rated speed. 
Proper lubricating arrangement for the bearings shall be provided.  The design 
shall be such that the bearing lubricating element does not contaminate the liquid 
pumped.  Where there is a possibility of liquid entering the bearings suitable 
arrangement in the form of deflectors or any other suitable arrangement must be 
provided ahead of bearings assembly. 
Bearings shall be easily accessible without disturbing the pump assembly.  A drain 
plug shall be provided at the bottom of each bearings housing. 

h)  Stuffing Boxes 
Stuffing box design should permit replacement of packing without removing any 
part other than the gland. 
Stuffing boxes of packed ring construction type shall be provided wherever 
specified.  Packed ring stuffing boxes shall be properly lubricated and sealed as 
per service requirements and manufacturer’s standards.  If external gland sealing 
is required, it shall be done from the pump discharge.  The Bidder shall provide the 
necessary piping valves, fittings etc. for the gland sealing connection. 

i)  Mechanical Seals 
Wherever specified in pump data sheet, mechanical seals shall be provided.  
Unless otherwise recommended by the tenderer, mechanical seals shall be of 
single type with either sliding gasket or bellows between the axially moving face 
and shaft sleeves or any other suitable type.  The sealing faces should be highly 
lapped surfaces of materials known for their low frictional coefficient and 
resistance to corrosion against the liquid being pumped. 

j)  The pump supplier shall coordinate with the seal maker in establishing the seal 
chamber of circulation rate for maintaining a stable film at the seal face.  The seal 
piping system shall form an integral part of the pump assembly.  For the seals 
under vacuum service, the seal design must ensure sealing against atmospheric 
pressure even when the pumps are not operating.  Necessary provision for seal 
water supply along with complete piping fittings and valves as required shall form 
integral part of pump supply. 

k)  Pump Shaft Motor Shaft Coupling 
The pump and motor shafts shall be connected with an adequately sized flexible 
coupling of proven design with a spacer to facilitate dismantling of the pump 
without disturbing the motor.  Necessary coupling guards shall also be provided. 
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l)  Base Plate 
A common base plate mounting both for the pump and motor shall be furnished.  
The base plate shall be fabricated steel and of rigid construction, suitably ribbed 
and reinforced.  Base plate and pump supports shall be so constructed and the 
piping unit so mounted as to minimize misalignment caused by mechanical forces 
such as normal piping strain, internal differential thermal expansion and hydraulic 
piping thrust.  Suitable drain troughs and drip lip shall be provided. 

m)  Assembly and Dismantling 
Assembly and dismantling of each pump with drive motor shall be possible without 
disturbing the grouting base plate or alignment. 

n)  Drive Motor (Prime Mover) 
The kW rating of the drive shall be based on continuously driving the connected 
equipment for the conditions specified. However, in cases where parallel operation 
of the pumps are specified, the actual motor rating is to be selected by the Bidder 
considering overloading of the pumps in the event of tripping of operating pump(s). 
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 PIPING THICKNESS: Pipes for sizes 200 NB & above shall confirm to IS: 3589 
Grade 410. The thickness as mentioned below are the minimum specified 
nominal thickness as per IS: 3589. Tolerance as code shall be applicable. 

Nominal pipe 
Size (mm) 

Outside Diameter (mm) Wall Thickness (mm) 

200 NB 219.1 4.5 

250 NB 273 5 

300 NB 323.9 5.6 

350 NB 355.6 5.6 

400 NB 406.4 6.3 

450 NB 457 6.3 

500 NB 508 6.3 

600 NB 610 6.3 
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1.00.00 INTRODUCTION

This part covers technical requirements which will form an integral part of the 
Contract. The following provisions shall supplement all the detailed technical 
specifications and requirements brought out in Section-VI, the Technical 
Specification and the Technical Data Sheets.

2.00.00 BRAND NAME

Whenever a material or article is specified or described by the name of a particular 
brand, manufacturer or vendor, the specific item mentioned shall be understood to 
be indicative of the function and quality desired, and not restrictive; other 
manufacturer's products may be considered provided sufficient information is 
furnished to enable the Employer to determine that the products proposed are 
equivalent to those named.

3.00.00 BASE OFFER & ALTERNATE PROPOSALS

The Bidder's proposal shall be based upon the use of equipment and material 
complying fully with the requirements specified herein. It is recognised that the 
Contractor 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 the base offer is in line with technical specifications and such 
proposals meet the specified design standards and performance requirement and 
are acceptable to the Employer. Sufficient amount of information for justifying such 
proposals shall be furnished to Employer alongwith the bid to enable the Employer 
to determine the acceptability of these proposals.  

4.00.00 COMPLETENESS OF FACILITIES

4.01.00 Bidders may note that this is a contract inclusive of the scope as indicated 
elsewhere in the specification. Each of the plant shall be engineered and designed in 
accordance with the specification requirement. All engineering and associated 
services are required to ensure a completely engineered plant shall be provided. 

4.02.00 All equipments furnished by the Contractor shall be complete in every respect, with 
all mountings, fittings, fixtures and standard accessories normally provided with such 
equipment and/or those needed for erection, completion and safe operation of the 
equipment and for the safety of the operating personnel, as required by applicable 
codes, though they may not have been specifically detailed in the respective 
specifications, unless included in the list of exclusions. 

All same standard components/ parts of same equipment provided, shall be 
interchangeable with one another.
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4.03.00          For the C&I systems, the Contractor shall be required to provide regular information 
about future upgrades and migration paths to the Employer.

5.00.00 RULES, REGULATIONS, CODES & STANDARDS

5.01.00 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, NTPC 
rules/codes of practices as well as of the locality where they will be installed, 
including the following:

a) Indian Electricity Act

b) Indian Electricity Rules

c) 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.

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

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

(l.) 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,
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(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.

5.02.00 Unless covered otherwise in the specifications, the latest editions (as applicable as 
on date of bid opening), of the codes and standards given below shall also apply:

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 Organisation for Standardisation (ISO)

i) Tubular Exchanger Manufacturer's Association (TEMA)

j) American Welding Society (AWS)

k) National Electrical Manufacturers Association (NEMA)

l) 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)

51291/2020/PS-PEM-MAX

Page 65 of 538



CLAUSE NO. GENERAL TECHNICAL REQUIREMENTS

LOT-3 PROJECTS
FLUE GAS DESULPHURISATION (FGD) 

SYSTEM PACKAGE

TECHNICAL SPECIFICATION
SECTION – VI

BID DOC. NO.:CS-0011-109(3)-9

PART-C
GENERAL TECHNICAL 

REQUIREMENTS 

PAGE
4 OF 83

                        p)         IEEE standard

                        q)        JEC standard

5.03.00 Other International/ National standards such as DIN, JIS, VDI, EN, 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.

5.04.00 Not used.

5.05.00 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.

5.06.00 Two (2) English language copies of all national and international codes and/or 
standards used in the design of the plant, equipment, civil, structural and 
architectural works shall be provided by the Contractor to the Employer within two 
calendar months from the date of the Notification of Award.

5.07.00 In case of any change in codes, standards & regulations between the date  of  bid 
opening 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.

5.08.00 A detailed list of standards apart from those mentioned in the respective detailed 
specifications in other parts of Section-VI to which all equipment/systems/civil works 
should conform as indicated in this Part C and elsewhere in the specification.

6.00.00 EQUIPMENT FUNCTIONAL GUARANTEE

6.01.00 The functional guarantees of the equipment under the scope of the Contract is given 
in Section-VI Part - A of Technical Specifications. These guarantees shall 
supplement the general functional guarantee provisions covered under Defect   
liabilities Section-IV, General Conditions of Contract.

6.02.00 Liquidated damages for shortfall in meeting functional guarantee(s) during the 
performance and guarantee tests shall be assessed and recovered from the 
Contractor as specified elsewhere in this specification. 
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7.00.00 DESIGN OF FACILITIES/ MAINTENANCE & AVAILABILITY CONSIDERATIONS

7.01.00 DESIGN OF FACILITIES

All the design procedures, systems and components proposed shall have already 
been adequately developed and shall have demonstrated good reliability under 
similar conditions elsewhere.

The Contractor shall be responsible for the selection and design of appropriate 
equipments to provide the best co-ordinated performance of the entire system. The 
basic requirements are detailed out in various clauses of the Technical 
Specifications. The design of various components, assemblies and subassemblies 
shall be done so that it facilitates easy field assembly and dismantling. All the 
rotating components shall be so selected that the natural frequency of the complete 
unit is not critical or close to the operating range of the unit.

7.02.00 MAINTENANCE AND AVILABILITY CONSIDERATIONS

Equipment/works offered shall be designed for high availability, low maintenance 
and ease of maintenance. The Bidder shall specifically state the design features 
incorporated to achieve high degree of reliability/ availability and ease of 
maintenance. The Bidder shall also furnish details of availability records in the 
reference plants stated in his experience list.

Bidder shall state in his offer the various maintenance intervals, spare parts and 
man-hour requirement during such operation. The intervals for each type of 
maintenance namely inspection of the furnace, inspection of the entire hot gas path 
and the minor and major overhauls shall be specified in terms of fired hours , clearly 
defining the spare parts and man-hour requirement for each stage.

Lifting devices i.e. hoists and chain pulley jacks ,etc. shall be provided by the 
contractor for handling of any equipment or any of its part having weight in excess of 
500 Kgs during erection and maintenance activities.

Lifting devices like lifting tackles, slings, etc. to be connected to hook of the hoist / 
crane shall be provided by the contractor for lifting the equipment and accessories 
covered under the specification.

8.00.00 DOCUMENTS, DATA AND DRAWINGS TO BE FURNISHED BY         
CONTRACTOR

8.01.00 Bidders may note that this is a contract inclusive of the scope as indicated 
elsewhere in the specification. Each of the plant and equipment shall be fully 
integrated, engineered and designed to perform in accordance with the technical 
specification. All engineering and technical services required to ensure a completely 
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engineered plant shall be provided in respect of mechanical, electrical, control & 
instrumentation, civil & structural works as per the scope.

                          Each main and auxiliary equipment/item of the plant including instruments shall be 
assigned a unique tag number. The assignment of tag numbers shall be in 
accordance with KKS system. In all drawings/documents/data sheet etc. KKS tag 
number of the equipment/item/instrument etc. shall be indicated.

The Contractor shall furnish engineering data /drawings in accordance with the 
schedule of information as specified in Technical Data Sheets and Technical 
Specification.

                         A comprehensive engg and quality coordination procedure shall be finalized with 
the successful bidder covering salient features as described in this section of 
specifications.

8.02.00 The number of copies/prints/CD-ROMs/manuals to be furnished for various types of 
document is given in Annexure-VI to this Part-C, Section-VI of the Technical 
Specification.

8.03.00 The documentation that shall be provided by the Contractor is indicated in the 
various sections of specification. This documentation shall include but not be limited 
to the following: 

8.03.01 A) BASIC ENGINEERING DOCUMENTATION

Prior to commencement of the detailed engineering work, the Contractor 
shall furnish a Plant Definition Manual within 12 weeks from the date of the 
Notification of Award.  This manual shall contain the following as a minimum:

i) System description of all the mechanical, electrical, control & 
instrumentation & civil systems.

ii) Technology scan for each system / sub-system & equipment.

iii) Selection of appropriate technology / schemes for various systems/ 
subsystems including techno-economic studies between various 
options.

iv) Optimisation studies including thermal cycle optimisation.

v) Sizing criteria of all the systems, sub-systems/ equipments/ 
structures/ equipment foundations alongwith all calculations justifying 
and identifying the sizing and the design margins.

vi) Schemes and Process & Instrumentation diagrams for the various 
systems/ sub-system with functional write-ups.
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vii) Operation Philosophy and the control philosophy of the
equipments/system covered under the scope.

ix) General Layout plan of the FGD System incorporating all facilities in 
Bidder's as well as those in the Employer's scope. This drawing shall 
also be furnished in the form of CD-ROMs to the Employer for 
engineering of areas not included in bidder's scope.

x) Basic layouts and cross sections of the main plant building (various 
floor elevations), boiler, fuel oil area and other areas included in the 
scope of the bidder.

xi) Documentation in respect of Quality Assurance System as listed out 
elsewhere in this specification.

The successful bidder shall furnish within three (3) weeks from the 
date of Notification of Award, a list of contents of the Plant Definition 
Manual (PDMs) including techno-economic studies, which shall then 
be mutually discussed & finalised with the Employer.

B) DETAILED ENGINEERING DOCUMENTS

i) General layout plan of the FGD System.

ii) Layouts, general arrangements, elevations and cross-sections 
drawings for all the equipment and facilities of the plant.

iii) Flow diagram, process and instrumentation diagrams along with write 
up and system description.

iv) Performance curves for Absorber

v) Piping isometric, composite layout and fabrication drawings.

vi) Piping engineering diagrams, pipe and fittings schedules, valve 
schedules, hanger and support schedules, insulation schedules.

vii) Technical data sheets for all bought out and manufactured items. 
Contractor shall use the Employer’s specifications as a base for 
placement of orders on their sub vendors.

viii) Detailed design calculations for components, system, piping etc., 
wherever applicable including sizing calculations for all auxiliaries like 
mills, fans etc. as per criteria specified elsewhere in specification.

ix) Absorber sizing calculations. Absorber performance data.
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x) Mass Balance Diagram

xi) Characteristic Curves/ Performance Correction Curves.

xii) Comprehensive list of all terminal points which interface with
Employer's facilities, giving details of location, terminal pressure, 
temperature, fluid handled & end connection details, forces, moments 
etc.

xiii) Power supply single line diagram, block logics, control schematics, 
electrical schematics, etc. 

xiv) Protection system diagrams and relay settings.

xv) Cables schedules and interconnection diagrams.

xvii) Cable routing plan.

xviii) Instrument schedule, measuring point list, I/O list, Interconnection & 
wiring diagram, functional write-ups, and installation drawings for field 
mounted instruments, logic diagrams, control schematics, wiring and 
tubing diagrams of panels and enclosures etc. Drawings for open 
loop and close loop controls (both hardware and software).  Motor list 
and valve schedule including type of actuator etc.

xix) Alarm and annunciation/ Sequence of Event (SOE) list and alarms & 
trip set points.

xx) Sequence and protection interlock schemes.

xxi) Type test reports, insulation co-ordination study report

xxii) Control system configuration diagramsand card circuit diagrams and 
maintenance details.

xxiii) Detailed Control system manuals.

xxiv) Detailed flow chart for digital control system.

xv) Mimic diagram layout, Assignment for other application 
engg.drawings and documents.

xxvi) Civil and Structural works drawings and documents for all structures, 
facilities, architectural works, foundations underground and 
overground works and super-structural works as included in the 
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scope of the bidder civil calculation sheets including structural 
analysis and design alongwith output results.

xxvii) Underground facilities, levelling, sanitary, land scaping drawings.

xxviii) Geotechnical investigation and site survey reports (if and as 
applicable).

xxix) Model study reports wherever applicable.

xxx) Functional & guarantee test procedures and test reports.

xxxi) Documentation in respect of Quality Assurance System, and 
Documentation in respect of Commissioning, as listed out elsewhere 
in this specification.

                                  xxxii) Maintenance schedule for Absorber & auxiliaries clearly indicating 
interval, duration if shutdown required, manhours required and tools & 
tackles required for maintenance.

The Contractor's while submitting the above documents/ drawings for approval/ 
reference as the case may be, shall mark on each copy of submission the reference 
letter alongwith the date vide which the submissions are made.

8.03.02 INSTRUCTION MANUALS

The Contractor shall make first submission of instruction manual for all the 
equipments covered under the Contract as per agreed engineering information 
schedule. The Instruction manuals shall contain full details required for erection, 
commissioning, operation and maintenance of each equipment. The manual shall be 
specifically compiled for this project. After finalisation and approval of the Employer 
the Instruction Manuals shall be submitted as indicated in Annexure-IV. The 
Contract shall not be considered to be completed for purposes of taking over until 
the final Instructions manuals have been supplied to the Employer. The Instruction 
Manuals shall comprise of the following.

A) ERECTION MANUALS

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

a) Erection strategy.

b) Sequence of erection.
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c) Erection instructions.

d) Critical checks and permissible deviation/tolerances.

e) List of tool, tackles, heavy equipments like cranes, dozers, etc.

f) Bill of Materials 

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

h) Procedure for initial checking after erection.

i) Procedure for testing and acceptance norms.

j) Procedure / Check list for pre-commissioning activities.

k) Procedure / Check list for commissioning of the system.

l) Safety precautions to be followed in electrical supply distribution 

during erection. 

B) OPERATION & MAINTENANCE MANUALS

a) 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 number  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. 

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

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. 
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(b) Functional description of associated accessories / controls. Control 
interlock protection write up. 

(c) Integrated operation of the equipment alongwith the intended system. 
(This is 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. 

(f) Master list of equipments, Technical specification of the equipment/ 
system and approved data sheets. 

(g) 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 take 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. 
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(i) Trouble shooting with causes and remedial measures.

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

(k) Routine Operational Checks, Recommended Logs and Records

(l) 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.

(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 alongwith checks to be carried out. 

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

(g) Long term maintenance schedules 

(h) Consumables list alongwith 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 
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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. 

(l) 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.

8.03.03 After finalization and approval of the Employer, the O & M Manuals shall be 
submitted as indicated in Annexure-VI.  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 Annexure-VI.

8.03.03 PLANT HANDBOOK AND PROJECT COMPLETION REPORT

8.03.03.01 PLANT HANDBOOK

The Contractor shall submit to the Employer a preliminary plant hand book 
preferably in A-4 size sheets which shall contain the design and performance data of 
various plants, equipments and systems covering the complete project including 

i) Design and performance data.

ii) Process & Instrumentation diagrams.

iii) Single line diagrams.
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iv) Sequence & Protection Interlock Schemes.

v) Alarm and trip values.

vi) Performance Curves.

vii) General layout plan and layout of main plant building and auxiliary buildings

viii) Important Do's & Don't's

The plant handbook shall be submitted within twelve (12) months from the date of 
award of contract. After the incorporation of Employer's comments, the final plant 
handbook complete in all respects shall be submitted three (3) months before start-
up and commissioning activities. 

8.03.03.02 PROJECT COMPLETION REPORT

The Contractor shall submit a Project Completion Report at the time of handing over 
the plant.

8.03.04 DRAWINGS 

a) i) All the FGD plant layouts shall be made in computerised 3D 
modelling system. The Employer reserves the right to review the 3D 
model at different stages during the progress of engineering. The
layout drawings submitted for Employer's review shall be fully 
dimensioned and extracted from 3D model after interference check.

ii) All documents submitted by the Contractor for Employer's review 
shall be in electronic form (soft copies) along with the desired number 
of hard copies as per Annexure-VI of Part-C. The soft copies shall be 
uploaded by the vendors in C-folders, a Web-based system of NTPC 
ERP, for which a username and password will be allotted to the new 
vendor by NTPC. 

Similarly, the vendor can download the drawings/documents,
approved/ commented by NTPC, through above site.

The soft copies of identified drawings/documents shall be in pdf 
format, whereas the attachments/reply to the submitted document(s) 
can be in .doc, .xls, .pdf, .dwg or .std formats. 

iii)  Final copies of the approved drawings along with requisite number of 
hard copies shall be submitted as per Annexure-VI of Part-C.

iv) Contractor shall prepare the model of all the facilities located in FLUE 
GAS DESULPHURISATION (FGD) SYSTEM PACKAGE (including all 
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facilities), and any other facility in an integrated & intelligent 3D 
software solution using rule-based, data centric 3D Design software 
with equipment drawings, data sheets, intelligent P&ID correlated with 
intelligent 3D Model, BOQ, schematics and logic diagrams etc. 
attached to the respective equipment / systems in the aforesaid 3D 
model. Contractor shall make a presentation on 3D model every 3 
months from LOA to enable NTPC to review the progress of 
engineering. After the completion of engineering the corresponding 
complete 3D review model shall be handed over to the employer for 
its reference.

Contractor shall provide 3D model (which shall include visual 
interference check, walk-through animation, video simulation for 
major equipment placement and removal, visual effect, photo realism 
etc), which is extracted from intelligent 3D model, for employer’s 
review as & when desired by employer. However, all piping layouts, 
equipment layouts, floor plans, ducting layout (Air/flue gas, A/C, 
Ventilation etc.), General Arrangement drawings of major buildings, 
structural arrangement drawings and RCC layout drawings shall 
necessarily be extracted from the aforesaid 3D model and submitted 
for employer’s review along with the 3D review model to enable 
NTPC to review and approve these drawings.

b) All documents/text information shall be in latest version of MS Office / MS 
Excel / PDF FORMAT as applicable.

c) All drawings submitted by the Contractor including those submitted at the 
time of bid shall be in sufficient detail indicating the type, size, arrangement, 
weight of each component for packing and shipment, the external 
connection, fixing arrangement required, the dimensions required for 
installation and interconnections with other equipments and materials, 
clearance and spaces required between various portions of equipment and 
any other information specifically requested in the drawing schedules.

d) Each drawing submitted by the Contractor (including those of subvendors) 
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, notings, markings and writings on the 
drawing shall be in English. All the dimensions should be in metric units.

e) The drawings submitted by the Contractor (or their subvendors) shall bear 
Employer's drawing number in addition to contractor's (their sub-vendor's) 
own drawing number. Employer's drawing numbering system shall be made 
available to the successful bidder so as to enable him to assign Employer's 
drawing numbers to the drawings to be submitted by him during the course of 
execution of the Contract.
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The Contractor shall also furnish a "Master Drawing List" which shall be a 
comprehensive list of all drawings/ documents/ calculations envisaged to be 
furnished by him during the detailed engineering to the Employer. Such list 
should clearly indicate the purpose of submission of these drawings i.e. 
"FOR APPROVAL" or "FOR INFORMATION ONLY".

Similarly, all the drawings/ documents submitted by the Contractor during 
detailed engineering stage shall be marked "FOR APPROVAL" or "FOR 
INFORMATION" prior to submission. Further, space shall be identified on 
each drawing for Approval stamp and electronic signature.

f) The furnishing of detailed engineering data and drawings by the Contractor 
shall be in accordance with the time schedule for the project. The review of 
these documents/ data/ drawings by the Employer will cover only general 
conformance of the data/ drawings/ documents to the specifications and 
contract, interfaces with the equipments provided by others and external 
connections & dimensions which might affect  plant layout. The review by the 
Employer should not be construed to be a thorough review of all dimensions, 
quantities and details of the equipments, materials, any devices or items 
indicated or the accuracy of the information submitted. The review and/ or 
approval by the Employer/ Project Manager shall not relieve the Contractor of 
any of his responsibilities and liabilities under this contract.

g) After the approval of the drawings, further work by the Contractor shall be in 
strict accordance with these approved drawings and no deviation shall be 
permitted without the written approval of the Employer.

h) All manufacturing, fabrication and execution of work in connection with the 
equipment / system, prior to the approval of the drawings, shall be at the
Contractor's risk.  The Contractor is expected not to make any changes in the 
design of the equipment /system, once they are approved by the Employer.  
However, if some changes are necessitated in the design of the 
equipment/system at a later date, the Contractor may do so, but such 
changes shall promptly be brought to the notice of the Employer indicating 
the reasons for the change and get the revised drawing approved again in 
strict conformance to the provisions of the Technical Specification.

i) Drawings shall include all installations and detailed piping layout drawings. 
Layout drawings for all piping of 65 mm and larger diameter shall be 
submitted for review/ approval of Employer piror to erection. Small diameter 
pipes shall however be routed as per site conditions in consultation with site 
authority/ representative of Employer based on requirements of such piping 
indicated in approved/ finalised Flow Scheme/ Process & Instrumentation 
Diagrams and/or the requirements cropping up for draining & venting of 
larger diameter piping or otherwise after their erection as per actual physical 
condition for the entire scope of work of this package.
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Assessing & anticipating the requirement and supply of all piping and 
equipment shall be done by the contractor well in advance so as not to 
hinder the progress of piping & equipment erection, subsequent system 
charging and its effective draining & venting arrangement as per site 
suitability.

j) As Built Drawings

After final acceptance of individual equipment / system by the Employer, the 
Contractor will update all original drawings and documents for the equipment 
/ system to “as built” conditions and submit no. of copies as per Annexure 
VI.

k) Drawings must be checked by the Contractor in terms of its completeness, 
data adequacy and relevance with respect to Engineering schedule prior to 
submission to the Employer. In case drawings are found to be submitted 
without proper checking by the Contractor, the same shall not be reviewed 
and returned to the Contractor for re-submission. The contractor shall make 
a visit to site to see the existing facilities and understand the layout 
completely and collect all necessary data/ drawings at site which are needed 
as an input to the engineering. The contractor shall do the complete 
engineering including interfacing and integration of all his equipment, 
systems & facilities within  his scope of work as well as interface engineering 
& integration of systems, facilities, equipment & works under Employer's 
scope and submit all necessary drawings/ documents for the same.

l) The Contractor shall submit adequate prints of drawing / data / document  for 
Employer's review and approval. The Employer shall review the drawings 
and return soft copy to the Contractor authorizing either to proceed with 
manufacture or fabrication, or marked to show changes desired. When 
changes are required, drawings shall be re-submitted promptly, with 
revisions clearly marked, for final review. Any delays arising out of the failure 
of the Contractor to submit/rectify and resubmit in time shall not be accepted 
as a reason for delay in the contract schedule.

m) All engineering data submitted by the Contractor after final process including 
review and approval by the Project Manager/ Employer shall form part of the 
contract documents and the entire works covered under these specification 
shall be performed in strict conformity with technical specifications unless 
otherwise expressly requested by the Project Manager in writing.

                        n)       The Contractor shall submit drawings in line with the suggestive MDL covered 
in Part-B, Section-VI of Technical Specification and which shall be duly 
integrated with approved PERT network.
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8.04.00 ENGINEERING INFORMATION SUBMISSION SCHEDULE

Prior to the award of Contract, a Detailed Engineering Information Submission 
Scheduler/Master Drawing List duly integrated with approved PERT network shall be 
tied up with the Employer. For this, the bidder shall furnish a detailed list of 
engineering information alongwith the proposed submission schedule. This list would 
be a comprehensive one including all engineering data / drawings / information for 
all bought out items and manufactured items. The information shall be categorized
into the following parts.

i) Information that shall be submitted for the approval to the Employer before 
proceeding further, and

ii) Information that would be submitted for Employer's information only. 

The Master Drawing List (MDL) shall be updated periodically and submitted to the 
employer, highlighting the changes made in MDL.

The schedule should allow adequate time for proper review and incorporation of 
changes/ modifications, if any, to meet the contract without affecting the equipment 
delivery schedule and overall project schedule. The early submission of drawings 
and data is as important as the manufacture and delivery of equipment and 
hardware and this shall be duly considered while determining the overall 
performance and progress.

8.05.00 ENGINEERING PROGRESS AND EXCEPTION REPORT

8.05.01 The Contractor shall submit every month an Engineering progress and Exception 
Report giving the status of each engineering information including 

a) A list of drawings/engineering information which remains unapproved for 
more than four (4) weeks after the date of first submission

b) Drawings which were not submitted as per agreed schedule.

8.05.02 The draft format for this report shall be furnished to the Employer within four (4) 
weeks of the award of the contract, which shall then be discussed and finalised with 
the Employer.

8.06.00 Engineering Co-ordination Procedure 

8.06.01 The following principal coordinators will be identified by respective organizations at 
time of award of contract:

NTPC Engineering Coordinator (NTPC EC):
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Name :

Designation :

Address :

a) Postal :

b) Telegraphic / e-Mail :

c) FAX : TELEPHONE :

Contractor’s/ Vendor’s Engineering Coordinator (VENDOR EC): 

Name :

Designation :

Address :

a) Postal :

b) Telegraphic / e-Mail :

c) FAX : TELEPHONE :

8.06.02 All engineering correspondence shall be in the name of above coordinators on 
behalf of the respective organizations. 

8.06.03 Contractor’s/Vendor’s Drawing Submission and Approval Procedure:

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”. 

b) 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) 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.  
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d) Employer and contractor shall follow their own numbering systems for the 
drawings. However, Employer shall intimate the contractor, NTPC drawing 
number on receipt of the first submission of each drawing. Vendor, 
thereafter, shall indicate NTPC’s drawing number in subsequent Submission, 
in the space provided for this purpose in title plate, in addition to his own 
drawing number. 

e) The contractor shall make a visit to site to see the existing facilities and 
understand the layout completely and collect all necessary data / drawings at 
site which are needed as an input to the engineering.  The contractor shall do 
the complete engineering including interfacing and integration of all his 
equipment, systems & facilities within his scope of work as well as interface 
engineering & integration of systems, facilities, equipment & works under 
Employer’s scope and submit all necessary drawings/ documents for the 
same. 

f) Drawings must be checked by the Contractor in terms of its completeness, 
data adequacy and relevance with respect to engineering schedule prior to 
submission to the Employer.  In case drawings are found to be submitted 
without proper endorsement for checking by the Contractor, the same shall 
not be reviewed and returned to the Contractor for re-submission.

g) The Contractor shall submit adequate prints of drawing / data / document for 
Employer’s review and approval. The drawings submitted by the 
Contractor/vendor shall be reviewed by NTPC and their comments shall be 
forwarded within four (4) weeks of receipt of drawings. Upon review of each 
drawing, depending on the correctness and completeness of the drawing, the 
same will be categorized 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/ modification as noted. 

CATEGORY -IV For information and records.

h) Contractor shall resubmit the drawings approved under Category II, III & IVR 
within three (3) weeks 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 
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enclosed in a triangle (eg. 1, 2, 3 etc). Contractor shall not make any 
changes in the portions of the drawing other than those commented. If 
changes are required to be made in the portions already approved, the 
Contractor shall resubmit the drawing identifying the 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.  

i) In case, the Contractor/ Vendor does not agree with any specific comment, 
he shall furnish the explanation for the same to NTPC for consideration. In all 
such cases the 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. 

j) It is responsibility of the Contractor/ Vendor to get all the drawings approved 
in the Category I & 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.  

k) If Contractor/ Vendor fails to resubmit the drawings as per the schedule, 
construction work at site will not be held up and work will be carried out on 
the basis of comments furnished on previous issues of the drawing.  

l) These comments will be taken care by the contractor while submitting the 
revised drawing.  

The contractor shall use a single transmittal for drawings. Submission. This 
shall include transmittal numbers and date, number of copies being sent, 
names of the agencies to whom copies being sent,  drawing number and 
titles, remarks or special notes if any etc.

9.00.00 TECHNICAL CO-ORDINATION MEETING

9.01.00 The Contractor shall be called upon to organise and attend monthly Design/ 
Technical Co-ordination Meetings (TCMs) with the Employer/Employer's 
representatives and other Contractors of the Employer during the  period  of 
contract.  The Contractor shall attend such meetings at his own cost at NEW DELHI 
/ NOIDA or at mutually agreed venue as and when required and fully co-operate with 
such persons and agencies involved during the discussions.

9.02.00 The Contractor should note that Time is the essence of the contract. In order to 
expedite the early completion of engineering activities, the Contractor shall submit all
drawings as per the agreed Engineering Information Submission Schedule. The
drawings submitted by the Contractor will be reviewed by the Employer as far as 
practicable within three (3) weeks from the date of receipt of the drawing .The 
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comments of the Employer shall then be discussed across the table during the 
above Technical Co-ordination Meeting (s) wherein best efforts shall be made by 
both sides to ensure the approval of the drawing.

9.02.01 The Contractor shall ensure availability of the concerned experts / consultants/ 
personnel who are empowered to take necessary decisions during these meetings. 
The Contractor shall be equipped with necessary tools and facilities so that the 
drawings/documents can be resubmitted after incorporating necessary changes and 
approved during the meeting itself.

9.02.02 Should any drawing remain unapproved for more than six (6) weeks after it's first 
submission ,this shall be brought out in the monthly Engineering Progress and 
Exception Report with reasons thereof. 

9.03.0 Any delays arising out of failure by the Contractor to incorporate Employer's 
comments and resubmit the same during the TCM shall be considered as a default 
and in no case shall entitle the Contractor to alter the Contract completion date.

10.00.00 DESIGN IMPROVEMENTS

The Employer or the Contractor may propose changes in the specification of the 
equipment or quality thereof and if the parties agree upon any such changes the 
specification shall be modified accordingly.

If any such agreed upon change is such that it affects the price and schedule of 
completion, the parties shall agree in writing as to the extent of any changing the
price and/or schedule of completion before the Contractor proceeds with the change.  
Following such agreement, the provision thereof, shall be deemed to have been 
amended accordingly.

11.00.00 EQUIPMENT BASES

A  cast  iron  or  welded  steel  base  plate  shall  be  provided  for  all  rotating 
equipment which is to be installed on a concrete base, unless otherwise specifically 
agreed  to by the Employer. Each base plate shall support the unit and its drive 
assembly, shall be of a neat design with pads for anchoring the units, shall have a 
raised lip all around, and shall have threaded drain connections.

12.00.00          PROTECTIVE GUARDS

Suitable guards shall be provided for protection of personnel on all exposed rotating 
and/or moving machine parts.  All such guards shall be designed for easy installation 
and removal for maintenance purpose.

51291/2020/PS-PEM-MAX

Page 84 of 538



CLAUSE NO. GENERAL TECHNICAL REQUIREMENTS

LOT-3 PROJECTS
FLUE GAS DESULPHURISATION (FGD) 

SYSTEM PACKAGE

TECHNICAL SPECIFICATION
SECTION – VI

BID DOC. NO.:CS-0011-109(3)-9

PART-C
GENERAL TECHNICAL 

REQUIREMENTS 

PAGE
23 OF 83

13.00.00 LUBRICANTS, SERVO FLUIDS AND CHEMICALS
13.01.00 I. All the first fills of consumables and one years topping requirement of 

consumables such as greases, oil, lubricants, servo fluids / control fluids, 
gases and essential chemicals etc. which will be required to put the 
equipment covered under the scope of specifications, into successful 
commissioning / initial operation and to establish completion of facilities shall 
be supplied by the Contractor. Suitable standard lubricants as available in 
India are desired. Efforts should be made to limit the variety of lubricants to 
minimum. 

Bidder shall supply a quantity not less than 10 % of the full charge or one (1) 
year topping requirement mentioned above ( whichever is higher) of each 
variety of lubricants, servo fluids, gases, chemicals etc ( as detailed above) 
which is expected to be utilized during the first year of operation. The 
additional quantity shall be supplied in separate container. 

13.02.00 As far as possible lubricants marketed by the Indian Oil Corporation shall be used. 
The variety of lubricants shall be kept to a minimum possible.

Detailed specifications for the lubricating oil, grease, gases, servo fluids, control 
fluids, chemicals etc. required for the complete plant covered herein shall be 
furnished. On completion of erection, a complete list of bearings/ equipment giving 
their location and identification marks shall be furnished to the Employer alongwith 
lubrication requirements.

14.00.00 LUBRICATION

14.01.00 Equipment shall be lubricated by systems designed for continuous operation. 
Lubricant level indicators shall be furnished and marked to indicate proper levels 
under both standstill and operating conditions.

15.00.00 MATERIAL OF CONSTRUCTION

15.01.00 All materials used for the construction of the equipment shall be new and shall be in 
accordance with the requirements of this specification.  Materials utilised for various 
components shall be those which have established themselves for use in such 
applications.

16.00.00 RATING PLATES, NAME PLATES & LABELS

16.01.00 Each main and auxiliary item of plant including instruments 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.
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16.02.00 Each item of plant shall be provided with nameplate or label designating the service 
of the particular equipment.  The inscriptions shall be approved by the Employer or 
as detailed in appropriate section of the technical specifications.

16.03.00 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.
The name plates shall be suitably fixed on both front and rear side.

16.04.00 Items of plant such as valves, which are subject to handling, shall be provided with 
an engraved chromium plated nameplate or label with engraving filled with enamel. 
The name plates for valves shall be marked in accordance with MSS standard SP-
25 and ANSI B 16.34 as a minimum.

16.05.00 Hanger/ support numbers shall be marked on all pipe supports, anchors, hangers, 
snubbers and restraint assemblies. Each constant and variable spring support shall 
also have stamped upon it the designed hot and cold load which it is intended to 
support. Suitable scale shall also be provided to indicate load on support or hanger.

16.06.00 Valves, steam traps and strainers shall be identified by Employer's tag number of a 
metal tap permanently attached to non pressure parts such as the yoke by a 
stainless steel wire. The direction of flow shall also be marked on the body.

16.07.00 Safety and relief valves shall be provided with the following:

a) Manufacturer's identification.

b) Nominal inlet and outlet sizes in mm.

c) Set pressure in Kg/cm2 (abs).

d) Blowdown and accumulation as percentage of set pressure.

e) Certified capacity in Kg of saturated steam per hour or in case of liquid 
certified capacity in litres of water per minute.

16.08.00 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.

16.09.00 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.
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17.00.00 TOOLS AND TACKLES

The Contractor shall supply with the equipment one complete set of all special tools 
and tackles and other instruments required and other instruments for the erection, 
assembly, disassembly and proper maintenance of the plant and equipment and 
systems (including software).  These special tools will also include special material 
handling equipment, jigs and fixtures for maintenance and calibration / readjustment, 
checking and measurement aids etc.  A list of such tools and tackles shall be 
submitted by the Bidder alongwith the offer. 

The price of each tool / tackle shall be deemed to have been included in the total bid 
price. These tools and tackles shall be separately packed and sent to site. The 
Contractor shall also ensure that these tools and tackles are not used by him during 
erection, commissioning and initial operation.  For this period the Contractor should 
bring his own tools and tackles.  In case these tools and tackles are used by the 
Contractor during erection, commissioning or initial operation the same shall be 
refurbished repaired/replaced as required to the satisfaction of the Employer before 
handing over to the Employer. All the tools and tackles shall be of reputed make 
acceptable to the Employer.

18.00.00 WELDING

18.01.00 If the manufacturer has special requirements relating to the welding procedures for 
welds at the terminals of the equipments to be per formed by others the 
requirements shall be submitted to the Employer in advance of commencement of 
erection work.

19.00.00 COLOUR CODE FOR ALL EQUIPMENTS/ PIPINGS/ PIPE SERVICES

19.01.00 All equipment/ piping/ pipe services are to be painted by the Contractor in 
accordance with Employer's standard colour coding scheme, which will be furnished 
to the Contractor during detailed engineering stage.

20.00.00 PROTECTION AND PRESERVATIVE SHOP COATING

20.01.00 PROTECTION

All coated surfaces shall be protected against abrasion, impact, discoloration and 
any other damages. All exposed threaded portions shall be suitably protected with 
either metallic or a nonmetallic protection device. All ends of all valves and piping 
and conduit equipment connections shall be properly sealed with suitable devices to 
protect them from damage. The parts which are likely to get rusted, due to exposure 
to weather, should also be properly treated and protected in a suitable manner. All 
primers/paints/coatings shall take into account the hot humid, corrosive & alkaline, 
subsoil or over ground environment as the case may be. The requirements for 
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painting specification shall be complied with as detailed out in Part-A & B of the 
Technical Specification.

20.02.00 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.

20.03.00 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.

20.04.00 All other steel surfaces which are not to be painted shall be coated with suitable dust 
preventive compound subject to the approval of the Employer.

20.05.00 All piping shall be cleaned after shop assembly by shot blasting or other means 
approved by the Employer.  Lube oil piping or carbon steel shall be pickled.

20.06.00 Painting for Civil structures and equipment/system covered under this package shall 
be done as specified under technical requirements on civil works in relevant part of 
this specifications.

21.00.00 QUALITY ASSURANCE PROGRAMME

21.01.00 To ensure that the equipment and services under the scope of contract whether 
manufactured or performed within the Contractor’s works or at his sub-contractor’s 
premises or at the Employer’s site or at any other place of work are in accordance 
with the specifications, the Contractor shall adopt suitable quality assurance 
programme to control such activities at all points, as necessary.  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/IS-14001.  A 
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quality assurance programme of the contractor shall generally cover the following:

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

b) Quality System Manual

c) Design Control System

d) Documentation Control System

e) Qualification data for Bidder’s key Personnel.

f) 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.

g) System for shop manufacturing and site erection control including process 
controls and fabrication and assembly controls.

h) Control of non-conforming items and system for corrective actions.

i) Inspection and test procedure both for manufacture and field activities.

j) Control of calibration and testing of measuring testing equipments.

k) System for Quality Audits.

l) System for indication and appraisal of inspection status.

m) System for authorising release of manufactured product to the Employer.

n) System for handling storage and delivery.

o) System for maintenance of records, and

p) Furnishing of 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 formats 
enclosed as Annexure-I and Annexure-II respectively.

22.00.00 GENERAL REQUIREMENTS - QUALITY ASSURANCE

22.01.00 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 
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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 shall 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 on enclosed format No. QS-01-QAI-P-1/F3-R0.
Monthly progress reports shall be furnished.

22.02.00 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 through C-folders, a web based system of NTPC 
ERP in addition to hard copy, for review and approval. After approval the same shall 
be submitted in compiled form on CD-ROM (As per format at Annexure-I)

22.03.00 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 (As per format at Annexure – II).

22.04.00 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.  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 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.

22.05.00 The contractor shall submit to the Employer Field Welding Schedule for field welding 
activities in the format enclosed at Annexure-V. The field welding schedule shall be 
submitted to the Employer along with all supporting documents, like welding 
procedures, heat treatment procedures, NDT procedures etc. at least ninety days 
before schedule start of erection work at site.

22.06.00      The contractor shall have suitable Field Quality Organization with adequate 
manpower at Employer's site, to effectively implement the Field Quality Plan (FQP) 
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and Field Quality Management System for site activities. The contractor shall submit 
the details of proposed FQA setup (organizational structure and manpower) for 
employer's approval. The FQA setup shall be in place at least one month before the 
start of site activities.

22.07.00 No material shall be despatched from the manufacturer’s works before the same is 
accepted, subsequent to predespatch 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 Material Despatch 
Clearance Certificate (MDCC).

22.08.00 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

22.09.00 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.

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

22.10.00 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.

22.11.00 Welding procedure qualification & Welder qualification test results shall be furnished 
to the Employer for approval.  However, where required by the Employer, tests shall 
be conducted in presence of Employer/authorized representative.

22.12.00 For all IBR pressure parts and high pressure piping welding, the latest applicable 
requirements of the IBR (Indian Boiler Regulations) shall also be essentially 
complied with. However, other piping system ASME B31.1 or other relevant code as 
applicable shall be followed.   Similarly, any other statutory requirements for the 
equipment/systems shall also be complied with. On all back-gauged welds MPI/LPI 
shall be carried before seal welding

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

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

22.16.00 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) or 
equivalent.  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 40 mm shall be ultrasonically tested.

22.17.00 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 sub-
contractor 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 on enclosed format No. QS-01-QAI-P-01/F3. 
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 sub-
contractors 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.  Monthly progress reports on sub-contractor detail 
submission / approval shall be furnished preferably on enclosed format at 
Annexure-IV. Such vendor approval shall not relieve the contractor from any 
obligation, duty or responsibility under the contract.

22.18.00 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 sub-contractor 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.  

Such quality plans of the successful vendors shall be finalised with the Employer 
and such approved Quality Plans shall form a part of the purchase order/contract 
between the Contractor and sub-contractor. With in three weeks of the release of the 
purchase orders /contracts for such bought out items /components, a copy of the 
same without price details but together with the detailed purchase specifications, 
quality plans and delivery conditions shall be furnished to the Employer on the 
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monthly basis by the Contractor along with a report of the Purchase Order placed so 
far for the contract.

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

22.20.00 The contractor shall carry out an inspection and testing programme during
manufacture in his work and that of his sub-contractor’s 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/equipment 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.

22.21.00 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.

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

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

22.24.00 Environmental Stress Screening

Environmental stress screening test process / procedure for eliminating infant mortile 
components for DDCMIS / PLC based system & for other systems having 
substantial electronics components (as determined by employer) like Electronic 
transmitter, CCTV components, PA systems etc. shall be necessarily furnished for 
any sub vendors proposed for vendor assessment and approval for this contract. For 
other approved sub vendors of above mentioned systems, contractor shall furnish 
the test procedure for eliminating infant mortile components in case, if it is asked for 
by the employer before these items are offered for inspection / dispatched to site.

22.25.00      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.
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22.26.00 Software Reliability / Quality Certification

Certification from OEM’s authorized signatory that software offered with DDCMIS, 
PLC, CCTV, PA, Pyrometer, CEMS, AAQMS, EQMS, BHMS etc. declaring that the 
all the offered software(s) had gone through the established software quality test and 
offered software is not of β-version and offered software is also free from all known 
bugs as on date of approval of systems documents by NTPC as a part of quality 
documentation review and approval process during detail engineering.

23.00.00 QUALITY ASSURANCE DOCUMENTS

23.01.00 The Contractor shall be required to submit the QA Documentation in two hard copies 
and two CD ROMs, as identified in respective quality plan with tick ( �)mark.

23.01.01 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 despatch. However CD-Rom may be issued not later than three 
weeks.

23.02.00 Typical contents of QA Documentation is as below:-

(a.) Quality  Plan

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

(c.) Manufacturer / works test reports/results for testing required as per 
applicable codes and standard referred in the specification and approved 
Quality Plans.

(d.) 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.

(e.) Heat Treatment Certificate/Record (Time- temperature Chart)

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

(g.) CHP / Inspection reports duly signed by the Inspector of the Employer and 
Contractor for the agreed Customer Hold Points.
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(h.) Certificate of Conformance (COC) wherever applicable.

(i.) MDCC

23.03.00 Similarly, the contractor shall be required to submit two sets (two hard copies and 
two CD ROMs), containing QA Documentation pertaining to field activities as per 
Approved Field Quality Plans and other agreed manuals/ procedures, prior to 
commissioning of individual system.

23.04.00 Before despatch / 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.

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

(b.) If the quality document is unsatisfactory, the Supplier shall endeavor to 
correct the incompleteness, thus allowing to finalize 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.

(c.) If a decision is made for despatch, 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 despatch of equipment.

23.05.00 TRANSMISSION OF QA DOCUMENTATION 

On release of QA Documentation by Inspector, one set of quality document shall be 
forwarded to Corporate Quality Assurance Department and other set to respective 
Project Site of Employer.

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 of 
equipment.
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24.00.00 PROJECT MANAGER’S SUPERVISION

24.01.00 To eliminate delays and avoid disputes and litigation, it is agreed between the 
parties to the Contract that all matters and questions shall be referred to the Project 
Manager and without prejudice to the provisions of ‘Arbitration’ clause in Section
GCC,  the Contractor shall proceed to comply with the Project Manager's decision.

24.02.00 The work shall be performed under the supervision of the Project Manager.  

The scope of the duties of the Project Manager pursuant to the Contract, will include
but not be limited to the following:

(a.) Interpretation of all the terms and conditions of these documents and 
specifications

(b.) Review and interpretation of all the Contractor’s drawing, engineering data, 
etc

(c.) Witness or his authorised representative to witness tests and trials either at 
the manufacturer’s works or at site, or at any place where work is performed 
under the contract 

(d.) Inspect, accept or reject any equipment, material and work under the 
contract 

(e.) Issue certificate of acceptance and/or progressive payment and final 
payment certificates

(f.) Review and suggest modifications and improvement in completion schedules 
from time to time, and

(g.) Supervise Quality Assurance Programme implementation at all stages of the 
works.

25.00.00 INSPECTION, TESTING AND INSPECTION CERTIFICATES

25.01.00 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.

25.02.00 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 
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30.00.00 NOISE LEVEL
The equivalent 'A' weighted sound pressure level measured at a height of 1.5 m 
above floor level in elevation and at a distance of one (1) metre horizontally from the 
nearest surface of any equipment/machine, furnished and installed under these 
specifications, expressed in decibels to a reference of 0.0002 microbar, shall not 
exceed 85  dBA . However for Ball Mills the noise levels as per following shall also be 
acceptable:

a) Ball Mill   < 90 dBA

31.00.00 PACKAGING AND TRANSPORTATION

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 railway wagons available in India should be taken account of. The 
Contractor shall be responsible for any loss or damage during transportation, 
handling and storage due to improper packing. The Contractor 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.

32.00.00 ELECTRICAL EQUIPMENTS/ENCLOSURES

32.01.00 All electrical equipments and devices, including insulation, heating and ventilation 
devices shall be designed for ambient temperature and a maximum relative humidity 
as specified elsewhere in the specifications.

33.00.00 INSTRUMENTATION AND CONTROL

All instrumentation and control systems/ equipment/ devices/ components, furnished 
under this contract shall be in accordance with the requirements stated herein, 
unless otherwise specified in the detailed specifications.

33.01.00 All instrument scales and charts shall be calibrated and printed in metric units and 
shall have linear graduation. The ranges shall be selected to have the normal 
reading at 75% of full scale.

All scales and charts shall be calibrated and printed in Metric Units as follows:

1 Temperature - Degree centigrade (deg C)
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2. Pressure - Kilograms per square centimetre 
(Kg/cm2). Pressure instrument shall 
have the unit suffixed with 'a' to 
indicate absolute pressure. If nothing
is there, that will mean that  the 
indicated pressure is gauge pressure.

3. Draught - Millimetres of water column (mm wc).

4. Vacuum - Millimeters of mercury gauge (mm Hg)
or water column (mm Wcl).

5. Flow (Gas) - Tonnes/ hour

6. Flow (Steam) - Tonnes/ hour

7. Flow (Liquid) - Tonnes / hour

8. Flow base - 760 mm Hg. 0 deg.C

9. Density - Grams per cubic centimeter.

33.02.00 All instruments and control devices provided on panels shall be of miniaturized
design, suitable for modular flush mounting on panels with front draw out facility and 
flexible plan-in connection at rear.

33.03.00 All electronic modules shall have gold plated connector fingers and further all input 
and output modules shall be short circuit proof. These shall also be tropicalised & 
components shall be of industrial grade or better.

34.00.00 ELECTRICAL NOISE CONTROL

The equipment furnished by the Contractor shall incorporate necessary techniques 
to eliminate measurement and control problems caused by electrical noise. Areas in 
Contractor's equipment which are vulnerable to electrical noise shall be hardened to 
eliminate possible problems. Any additional equipment, services required for 
effectively eliminating the noise problems shall be included in the proposal. The 
equipment shall be protected against ESD as per IEC-61000-2. Radio Frequency 
interference (RFI) and Electro Magnetic Interference (EMI) protection against 
hardware damage and control system mal-operations/errors shall be provided for all 
systems as per EN-50082-2 (1995).
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S.No Description of Drgs/Docs No of 

Prints
No of CD 
ROMs/DVDs/Portable 
Hard Disk

1 Drawings, Data sheets, Design calculations, Purchase specifications and 
other documents

First submission and 
submission with major 
changes
� Layout (A0&A1 sizes) 4 -

� Other 
Drawings/Documents 
(A0&A1 sizes)

2 -

� P&ID (All sizes) 4 -

a) Final drawings/documents
(Directly to site)

6 2

b) “As Built” 
Drawing/Documents

(Directly to site)

6 2

c) Analysis reports of 
Equipments / piping 
/structures
components/system 
employing software 
packages  as detailed in the  
specifications.

2 2

2 Erection Manual (Directly to 
site)

4 sets 2

3 Operation & Maintenance 
manual
i) First Submission       

1 set --

ii) Final Submission
           (Directly to site)

4 sets 2

4 Plant Hand Book
i) First Submission 1 1

5 Commissioning and 
Performance Test Procedure 
manual 
i) First Submission

1 set --

ii) Final Submission
           (Directly to site)

4 sets 2
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S.No Description of Drgs/Docs No of 

Prints
No of CD 
ROMs/DVDs/Portable 
Hard Disk

6 Performance and Functional 
Guarantee Test Report
i) First Submission 2 sets --

ii) Approved Copies
(Direct to Site)

4 sets 2

7 Project Completion Report 
(Directly to site)

6 sets 2

8 QA programme including Organisation 
for implementation and QA system 
manual(with revisions)

1 --

9 Vendor details in respect of proposed 
vendors including contractor’s 
evaluation report.

2 --

10 Manufacturing QPs, Field QPs, Field 
welding schedules and their reference 
document like test procedures, WPS, 
POR etc

i) For review/comment 1 --

ii) Approved final copies of Field 
QPs, Field welding schedules 
and their reference document 
like test procedures, WPS, 
POR etc (Direct to Site)

4 2

11 Welding Manual, Heat Treatment 
Manuals, Storage & preservation 
manuals
i) For review/comment 1 set --

ii) Approved copies
(Direct to Site) 4 sets 2

12 QA Documentation Package for items 
/ equipment manufactured and 
despatched to site

2 sets 2

13 QA Documentation Package for field 
activities on equipment/systems at 
site

2 sets 2
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iv) Pressure drop across air drying plant .

v) Vibration and noise level of air compressors, blowers of air drying plant (if 
applicable)

(xvi)   Equipment Cooling Water System

                       i) Vibration, noise and parallel operation without hunting & abnormal noise 
and with      flow sharing within 10% of each other at the rated duty point 
shall be demonstrated at site.

ii) Design heat load of plate type heat exchangers and Inlet & Outlet 
temperatures of the Plate type heat exchangers on the primary and 
secondary side to be demonstrated at site. Pressure drop across the Plate 
type heat exchanger on the primary & secondary water circuit to be 
demonstrated at site.

(xvii) Limestone Handling System and Gypsum Handling System

a) Limestone Handling Plant

(i) The Bidder shall demonstrate the unloading at truck tippler, crushing and 
conveying to storage shed/silo and then reclaim from storage shed/silos 
and conveying to mill bunker at the guaranteed capacity including all 
intermediate equipment & conveyors.

(ii) Bidder shall also demonstrate the guaranteed tippling rate of truck 
tipplers. 

b) Gypsum Handling Plant

The Bidder shall demonstrate the guaranteed conveying from belt filter to 
storage shed/silo including all intermediate equipment & conveyors.    

5.00.00 AUXILIARY POWER CONSUMPTION (PA) FOR EACH PROJECT

The unit auxiliary power consumption shall be calculated using the following 
relationship.

Pa = (Pa1 + Pa2 + ………. + Pan)/n

Pan = Pun + TLn

Pa = Guaranteed Auxiliary Power Consumption

Pan = Auxiliary Power Consumption for unit # n

(Where “n” is the unit number e.g. 1, 2, ……)
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            Pun       = Power consumed by the auxiliaries of the unit under test

TLn       = Losses of the transformers supplied by bidder based on works test

reports

While guaranteeing the auxiliary power consumption of each project the bidder shall 
necessarily include all continuously operating auxiliaries under this package.  The 
auxiliaries to be considered shall include but not be limited to the following:

i. Absorber Recirculation Pump(s)/Gas Cooling Pumps  

ii. Absorber Oxidation Air Blower(s)

iii. Absorber Oxidation Tank Agitators

iv. Gypsum Bleed Pumps

v. Limestone Gravimetric feeder, Wet ball mill  and their integral Auxiliaries 
divided by the number of units in the project

vi. Limestone Slurry Pump(s)

vii. Vacuum Belt Filter, Vacuum Pump and its integral auxiliaries divided by the 
number of units in the project

viii. Power consumption of all working Booster water pumps (if provided) to ACW 
pumps after PHE divided by the number of units in the project

ix. Power consumption of Clarified water pumps (if provided) and  Clarified 
booster water pumps (if provided) divided by the number of units in the 
project

x. Power consumption of Process water pump(s) divided by the number of units 
in the project

xi. Mist Eliminator Wash Water pump(s) 

xii. Power consumption of Belt Filter Wash Water Pump divided by the number 
of units in the project

xiii. Power consumption of total number of DM Cooling (working) Water pump to 
supply cooling water on the primary (DM) side of the plate type heat 
exchangers in the closed loop Equipment cooling water system divided by 
the number of units (working) in the project

xiv. Power consumption of total number of Auxiliary Cooling (working) water 
pump/Permeate water pump to supply cooling water on the secondary side 
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of the plate type heat exchangers in the closed loop Equipment cooling (unit 
auxiliary) water system divided by the number of units (working) in the project

xv. Booster Fans

xvi. Power consumption of Limestone Slurry Tank Agitator(s) divided by the 
number of units in the project

xvii. Power consumption of Filtrate Pump(s) divided by the number of units in the 
project

xviii. Power consumption of Cloth Wash Water Pump divided by the number of 
units in the project

xix. Power consumption of Hydro-cyclone and Waste Water Pump divided by the 
number of units in the project

xx. Power consumption of all other continuous running Agitators divided by the 
number of units in the project

xxi. Air Conditioning System (*)

Total Power consumption at motor input terminals of working units (i.e. 
excluding stand-by) at its rated duty point of compressor and condenser fans 
of air cooled condensing unit, Air handling unit (AHU) fans for the Air 
conditioning system of FGD Control Room Building  divided by total nos. of 
units in respective project

xxii Total  power consumption at motor input terminal  at rated duty of  fan of UAF 
divided by total nos. of units in respective project.  (*)

((*) Above guaranteed power consumption values shall be at 20 deg C for 
centrifugal fans of AHUs and at 30 deg C for centrifugal fans of UAF units 
and at an elevation of RL (referring to GLP of respective projects) for both 
AHUs and UAF centrifugal fans.)

xxiii Total power consumption at motor input terminal at rated duty of Air 
compressor, Air drying plant (Heater and blower, as applicable) divided by 
total nos. of units in respective project.

xxiv) Power consumption of clarified Water Pumps at rated capacity and head 
divided by the no of units of the project for Singrauli STPP-I & II (5X200MW) 
& (2X500MW).

xxv) Power consumption of clarified Water Pumps at rated capacity and head 
divided by the no of units of the project for Farakka STPP-I (3X200MW).

xxvi) Power consumption of clarified Water Pumps at rated capacity and head 
divided by the no of units of the project for Farakka STPP-II (2X500MW).

xxvi) Power consumption of clarified Water Pumps at rated capacity and head 
divided by the no of units of the project for Rihand STPP-I (2X500MW).

51291/2020/PS-PEM-MAX

Air Conditioning System (*)

Total Power consumption at motor input terminals of working units (i.e.
excluding stand-by) at its rated duty point of compressor and condenser fans
of air cooled condensing unit, Air handling unit (AHU) fans for the Air
conditioning system of FGD Control Room Building  divided by total nos. of 
units in respective project

xxii Total  power consumption at motor input terminal  at rated duty of  fan of UAF
divided by total nos. of units in respective project.  (*)

((*) Above guaranteed power consumption values shall be at 20 deg C for
centrifugal fans of AHUs and at 30 deg C for centrifugal fans of UAF units 
and at an elevation of RL (referring to GLP of respective projects) for both
AHUs and UAF centrifugal fans.)
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xxvii) Air Conditioning System (*)

Total Power consumption at motor input terminals of working units (i.e. 
excluding stand-by) at its rated duty point of compressor and condenser fans 
of air cooled condensing unit, Air handling unit (AHU) fans for the Air 
conditioning system of FGD Control Room Building  divided by total nos. of 
units in respective project..

xxviii) Total  power consumption at motor input terminal  at rated duty of  fan of UAF 
divided by total nos. of units in respective project.  (*)

((*) Above guaranteed power consumption values shall be at 20 deg C for 
centrifugal fans of AHUs and at 30 deg C for centrifugal fans of UAF units 
and at an elevation of RL (referring to GLP of respective projects) for both 
AHUs and UAF centrifugal fans.)

xxix) Total power consumption at motor input terminal at rated duty of Air 
compressor, Air drying plant (Heater and blower, as applicable) divided by 
total nos. of units in respective project

NOTE:

1. The equipment’s listed above for calculating auxiliary power consumption are 
indicative. Any other equipment required for continuous operation of the 
system shall also be considered for calculation of auxiliary power 
consumption. Power consumption of all equipments provided on unitized 
basis shall be included in the unit auxiliary power consumption. For 
common station auxiliaries, the power consumption shall be assigned to 
each unit based on unit load for the purpose of calculating the unit auxiliary 
power consumption. 

2. The bidder shall furnish a list of equipments to be covered under auxiliary 
power consumption, which shall be subject to Employer’s approval.

3. Transformer losses (TL) shall be considered as per following (as applicable)-
Aux/LT Outdoor/ LT Indoor Transformer: 100 % No load loss and 25 % of
Copper Losses.

4. Auxiliary power shall be measured without SCR (De-NOx) system.

5. Auxiliary power shall be measured at the switchgear of the drives.

6.00.00 METHOD OF COMPUTING TEST EFFICIENCY OF FGD 

The performance tests shall be carried out in accordance with ASME PTC 40 (1991) 
code. No tolerance or allowance on the test result will be permitted for instrument 
errors or inaccuracy, the method of testing or any other causes. The details of the 
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AIR CONDITIONING AND VENTILATION SYSTEM FOR FGDS 

  
 
CLAUSE 
NO  

QA MODULE FOR AIR CONDITIONING AND VENTILATION SYSTEM 

1.00.00   Air cooled  Condensing Unit (Outdoor unit), Evaporating unit (Indoor unit)   
1.01.00 Compressor of Condensing Unit shall be tested as per relevant standard     
1.01.01 Condenser (Heat Exchanger) , Evaporator coils  assembly shall be subjected to 

Hydraulic/Pneumatic pressure/leakage test as applicable and Electronic 
refrigerant leakage test along with all relevant test on tube as per applicable 
code.. 

1.01.02 Assembled Condensing unit (Outdoor Unit) shall be subjected to Leakage 
test,Vacuum test, Run test/Functional test as applicable 

  
2.00.00 FANS 
2.01.00 20% DPT of welding on fan hub, blades, casing and impeller as applicable shall 

be carried out. 
2.02.00       DPT of fan shafts shall be carried out after machining.
2.03.00       UT of fan shafts (diameter equal to or above 50mm) shall be carried out. 
2.04.00       Rotating components of all fans shall be dynamically balanced to ISO-1940 Gr. 

6.3 
2.05.00       All Fans shall be subjected to run test for 4 hrs. or till temperature stabilization is 

reached.  Vibration, Noise level, Temp. rise and current drawn shall be measured 
during the run test. 

2.06.00 One fan of each type and size will be performance tested as per corresponding 
BIS /AMCA for Air flow, Static Pressure, Speed, Efficiency, Power Consumption, 
Noise, Vibration and Temp. Rise. 

  
3.00.00 AIR HANDLING UNIT 
3.01.00       For Fans  refer tests as mentioned at 2.00.00     
3.02.00 One per type of assembled AHU (AHU casing and fan assembly) shall be  

subjected to free run test. Noise, Vibration and Temp. Rise of bearing shall be 
measured during run test. 

3.03.00 All cooling coil shall be pneumatically tested and no leakage shall be permitted. 
  
4.00.00 CENTRIFUGAL PUMP 
4.01.00 UT on pump shaft (dia equal to or above 40 mm) and MPI/DPT on pump shaft 

and impeller after machining shall be carried out. 

4.02.00 All rotating components of the pumps shall be dynamically balanced to ISO-1940 
Gr. 6.3 

4.03.00 A standard hydrostatic test shall be conducted on the pump casing with water at 
1.5 times the shut off pressure on the head characteristics curve or twice the 
rated pressure whichever is higher, for a minimum duration of 30 minutes. 

4.04.00 Standard Running Test 
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4.05.01 All pumps shall be tested in the manufacturer’s works preferably with contract 
motor for capacity, efficiency, head and brake horse power.  Pump shall be given 
running test over the entire operating range covering from the shut-off head to 
the maximum flow.  The duration of test shall be minimum one (1) hr.  A 
minimum of seven readings approximately equidistant shall be taken for plotting 
the curves with one point at design flow.  Testing of pumps shall be in 
accordance with stipulations of Hydraulic Institute Standard (HIS) and/or as per 
applicable Indian Standard or equivalent. Acceptance norms shall be as per 
approved datasheet & HIS standard only. 

4.05.02 Noise and vibration shall be measured at shop for reference purpose only. 
4.05.03 Pumps shall be subjected to strip down examination visually to check for 

mechanical damages after testing at shop in case abnormal noise level and/or 
excessive vibration are observed during the shop test. 

4.05.04 NPSH test shall be conducted with water as the medium, if required as per 
approved data sheets. 

  
5.00.00 LOW PRESSURE AIR DISTRIBUTION SYSTEM 
5.01.00       Functional test for fire damper along with solenoid shall be done. 
5.02.00       Prototype tests report of fire damper (duly approved/accepted by ENGG) for 

each type and size as per UL-555 for fire rating shall be furnished. 
5.03.00       Site Test- After completion, all ducting system shall be checked/tested for air 

leakages/tightness (smoke test) at site. 
  
6.00.00 INSULATION  
6.01.00 Insulation material shall be tested for all mandatory tests only as per relevant 

code/standard. 
6.02.00 Thermal conductivity tests (for thermal insulation only) shall be done as per 

relevant code for the same density and thickness of material and validity of test 
shall be as per relevant standard. 

  
7.00.00       AIR FILTERS  
7.01.00 Pre/Fine filters shall be tested for initial and final pressure drop Vs flow and 

average synthetic dust weight arrestance as per the requirement of BS 
6540/ASHARE-52-76/EN779.  
HEPA (Absolute) filters shall be tested as per applicable code. 

8.00.00 PIPES & FITTINGS  
8.01.00 All pipes and fittings shall be tested as per applicable codes / standard. 
8.02.00 Site test- Pipes shall be tested at site hydraulically/pneumatically as per 

application requirement 
9.00.00 VALVES & SPECIALTIES 
9.01.00 Visual and dimensional check of valves as per relevant codes and approved 

drawing. 
9.02.00 All the water line valves shall be hydraulically tested for body, seat and back seat 

(wherever provided) as per the relevant standard to which these valves are 
supplied irrespective of the working pressure for which these valves are selected.  
Check valves shall also be tested for leak tightness test at 25% of the specified 
seat test pressure. 
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9.03.00 Valves shall be offered for hydro test and pneumatic test in unpainted condition. 

9.04.00 Functional check of the valves for smooth opening and closing shall be done. 

10.00.00 SPLIT/CASSETTE / WINDOW AC/ PAC 
10.01.00 Split/Cassette/ Window AC will be accepted on the basis of Manufacturer 

Standard Guarantee and Warrantee certificate.  
10.02.00 PAC Each Unit shall be subjected to production routine Test excluding 

performance test carried out as per relevant standard. 
10.03.00 Performance test of PAC shall be carried out as per relevant standard on one 

unit of each type and rating at site. 
11.00.00  Unitary Air Filter (UAF)                    
11.01.00 Random 10% DPT on weld joints shall be carried out 

11.02.00 Hydraulic test of pressure parts at 1.5 times the design. Pressure and water fill 
test of tanks shall be carried out 

11.03.00 Trial assembly of Air washer/UAF for one of each size shall be done in shop.    
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MOTORS 

1.00.00  GENERAL REQUIREMENTS 

1.01.00  For the purpose of design of equipment/systems, an ambient temperature of 50 
deg.  Centigrade and relative humidity of 95% (at 40 deg C) shall be considered. 
The equipment shall operate in a highly polluted environment.  

1.02.00  All equipment’s 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. 

1.03.00  Contactor shall provide fully compatible electrical system, equipment’s, 
accessories and services. 

1.04.00  All the equipment, material and systems shall, in general, conform to the latest 
edition of relevant National and international Codes & Standards, especially the 
Indian Statutory Regulations. 

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

1.06.00  The responsibility of coordination with electrical agencies and obtaining all 
necessary clearances for Contactors equipment and systems shall be under the 
Contactor scope. 

1.07.00  Degree of Protection 

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

 i) Indoor motors   - IP 54 

 ii) Outdoor motors   - IP 55 

 iii) Cable box-indoor area  - IP 54 

 iv) Cable box-Outdoor area  - IP 55 

  

2.00.00  CODES AND STANDARDS 

 1) Three phase induction motors  : IS/IEC:60034 

 2) Single phase AC motors  : IS/ IEC:60034 

 3) Crane duty motors  : IS:3177, IS/IEC:60034 

 4) DC motors/generators  : IS:4722, IS/IEC:60034 

 5)  Energy Efficient motors  : IS 12615, IEC:60034-30 
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3.00.00  TYPE 

3.01.00  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. HT motors shall have minimum design efficiency of 
95 %. However, tolerance on this efficiency value shall be applicable as per 
IEC 60034 

 c) Crane duty motors shall be slip ring/ squirrel cage Induction motor as per the 
requirement.  

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

 
e) Motors operating through variable frequency drives shall also meet the 

requirements mentioned in subsection for VFD. 

3.02.00  DC Motors Shunt wound.  

4.00.00  RATING 

 (a)  Continuously rated (S1). However, crane motors shall be rated for S4 duty, 
40% cyclic duration factor. 

 (b)  Whenever the basis for motor or driven equipment ratings are not specified 
in the corresponding mechanical specification sub-sections, maximum 
continuous motor ratings shall be at least 10% above the maximum load 
demand of the driven equipment under entire operating range including 
voltage and frequency variations.  

5.00.00  TEMPERATURE RISE 

  Air cooled motors 

 70 deg. C by resistance method for both thermal class 130(B) & 155(F) insulation. 

 Water cooled  

 80 deg. C over inlet cooling water temperature mentioned elsewhere, by 
resistance method for both thermal class 130(B) & 155(F) insulation. 

6.00.00  OPERATIONAL REQUIREMENTS 

6.01.00  Starting Time 
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6.01.01  For motors with starting time upto 20 secs. at minimum permissible voltage during 
starting, the locked rotor withstand time under hot condition at highest voltage limit 
shall be at least 2.5 secs. more than starting time. 

6.01.02  For motors with starting time more than 20 secs. and upto 45 secs. at minimum 
permissible voltage during starting, the locked rotor withstand time under hot 
condition at highest voltage limit shall be at least 5 secs. more than starting time. 

6.01.03  For motors with starting time more than 45 secs. at minimum permissible voltage 
during starting, the locked rotor withstand time under hot condition at highest 
voltage limit shall be more than starting time by at least 10% of the starting time. 

6.01.04  Speed switches mounted on the motor shaft shall be provided in cases where 
above requirements are not met. 

6.02.00  Torque Requirements  

6.02.01  Accelerating torque at any speed with the lowest permissible starting voltage shall 
be at least 10% motor rated torque. 

6.02.02  Pull out torque at rated voltage shall not be less than 205% of rated torque. It shall 
be 275% for crane duty motors. 

6.03.00  Starting voltage requirement 

 (a)  Up to 85% of rated voltage for ratings below 110 KW  

 (b) Up to 80% of rated voltage for ratings from 110 KW to 200 KW 

 (c) Up to 85% of rated voltage for ratings from 201 KW to 1000 KW  

 (d) Up to 80% of rated voltage for ratings from 1001 KW to 4000 KW 

 (e) Up to 75 % of rated voltage for ratings above 4000KW 

7.00.00  DESIGN AND CONSTRUCTIONAL FEATURES 

7.01.00  Suitable single phase space heaters shall be provided on motors rated 30KW and 
above to maintain windings in dry condition when motor is standstill. Separate 
terminal box for space heaters & RTDs shall be provided. However for flame proof 
motors, space heater terminals inside the main terminal box may be acceptable. 

7.02.00  All motors shall be either Totally enclosed fan cooled (TEFC) or totally enclosed 
tube ventilated (TETV) or Closed air circuit air cooled (CACA) type. However, 
motors rated 3000KW or above can be Closed air circuit water cooled (CACW). 
The method of movement of primary and secondary coolant shall be self-
circulated by fan or pump directly mounted on the rotor of the main motor as per 
IEC 60034-6.  However VFD driven motors can be offered with forced cooling type 
with machine mounted fan or pump driven by separate electric motor.  Motors and 
EPB located in hazardous areas shall have flame proof enclosures conforming to 
IS:2148 as detailed below 
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 (a) Fuel oil area   : Group – IIB 

 (b)       Hydrogen generation   : Group - IIC or (Group-I, Div-II as per plant 
area NEC) or (Class-1, Group-B, Div-II as 
per NEMA /IEC60034) 

7.03.00  Winding and Insulation 

 (a) Type : Non-hygroscopic, oil resistant, flame resistant 

(b) Starting duty : Two hot starts in succession, with motor 
initially at normal running temperature.  

(c) 11kV, 6.6 KV & 3.3 
kV  AC motors 

:     
Thermal class 155 (F) insulation.  
The winding insulation process shall be total 
Vacuum Presure Impregnated i.e resin poor 
method. The lightning Impulse & interturn 
insulation surge withstand level shall be as 
per IEC-60034 part-15. 

(d) 240VAC, 415V AC 
& 220V DC motors  

: Thermal Class ( B ) or better 

7.04.00  Motors rated above 1000KW shall have insulated bearings/housing to prevent 
flow of shaft currents. 

7.05.00  Motors with heat exchangers shall have dial type thermometer with adjustable 
alarm contacts to indicate inlet and outlet primary air temperature. 

7.06.00  Noise level for all the motors shall be limited to 85 dB(A) except for BFP motor for 
which the maximum limit shall be 90dB(A). Vibration shall be limited within the 
limits prescribed in IS:12075 / IEC 60034-14 . Motors shall withstand vibrations 
produced by driven equipment. HT motor bearing housings shall have flat 
surfaces, in both X and Y directions, suitable for mounting 80mmX80mm vibration 
pads. 

7.07.00  In HT motors, at least four numbers simplex / two numbers duplex platinum 
resistance type temperature detectors shall be provided in each phase stator 
winding. Each bearing of HT motor shall be provided with dial type thermometer 
and minimum 2 numbers duplex platinum resistance type temperature detectors. 

7.08.00  Motor body shall have two earthing points on opposite sides.  

7.09.00  11 KV motors shall be offered with Separable Insulated Connector (SIC) as per 
IEEE 386. The offered SIC terminations shall be provided with protective cover 
and trifurcating sleeves. SIC termination kit shall be suitable for fault level of 25 
KA for 0.17 seconds. 

7.10.00 3.3/6.6 KV motors shall be offered with dust tight phase separated double walled 
(metallic as well as insulated barrier) Terminal box. Contractor shall provide 
termination kit for the offered Terminal box. The offered Terminal Box shall be 
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suitable for fault level of 250 MVA for 0.12 sec. Removable gland plates of 
thickness 3 mm (hot/cold rolled sheet steel) or 4 mm (non magnetic material for 
single core cables) shall be provided. 

7.11.00  The spacing between gland plate & centre of bottom terminal stud shall be as per 
Table-I. 

7.12.00  All motors shall be so designed that maximum inrush currents and locked rotor 
and pullout torque developed by them at extreme voltage and frequency 
variations do not endanger the motor and driven equipment. 

7.13.00  The motors shall be suitable for bus transfer schemes provided on the 11kV, 6.6 
KV, 3.3 kV /415V systems without any injurious effect on its life. 

7.14.00  For motors rated 2000 KW & above, neutral current transformers of PS class shall 
be provided on each phase in a separate neutral terminal box. 

7.15.00 The size and number of cables (for HT motors) to be intimated to the successful 
Contactor during detailed engineering and the Contactor shall provide terminal 
box suitable for the same. 

8.00.00 The ratio of locked rotor KVA at rated voltage to rated KW shall not exceed the 
following (without any further tolerance): 

 (a) From 50KW & upto 110KW : 11.0  

 (b) From 110 KW & upto 200 KW : 9.0 

 (c) Above 200 KW & upto  1000KW    : 10.0 

 (d) From 1001KW & upto  4000KW  : 9.0 

 (e)   Above  4000KW                             : 6 to 6.5 

10.00.00  TYPE TEST 

10.01.00  HT MOTORS 

10.01.01  The Contactor shall carry out the type tests as listed in this specification on the 
equipment to be supplied under this contract. The Contactor shall indicate the 
charges for each of these type tests separately in the relevant schedule of Section 
- VII- (BPS) and the same shall be considered for the evaluation of the bids. The 
type tests charges shall be paid only for the test(s) actually conducted 
successfully under this contract and upon certification by the Employer’s engineer. 

10.01.02  The type tests shall be carried out in presence of the Employer’s representative, 
for which minimum 15 days notice shall be given by the Contactor. The Contactor 
shall obtain the Employer’s approval for the type test procedure before conducting 
the type test. The type test procedure shall clearly specify the test set–up, 
instruments to be used, procedure, acceptance norms, recording of different 
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10.01.06 LIST OF TESTS FOR WHICH REPORTS HAVE TO BE SUBMITTED 

The following type test reports shall be submitted for each type and rating of HT 
motor

 (a) Degree of protection test for the enclosure followed by IR, HV and no load 
run test. 

 (b) Terminal box-fault level withstand test for each type of terminal box of HT 
motors only. 

 (c)  Lightning Impulse withstand test on the sample coil shall be as per clause 
no. 4.3 IEC-60034, part-15 

 (d) Surge-withstand test on inter-turn insulation shall be as per clause no. 4.2 
of IEC 60034, part-15 

10.02.00 LT Motors 

10.02.01 LT Motors supplied shall be of type tested design. During detailed engineering, 
the Contactor shall submit for Employer's approval the reports of all the type tests 
as listed in this specification and carried out within last ten years from the date of 
bid opening. These reports should be for the test conducted on the equipment 
similar to those proposed to be supplied under this contract and the test(s) should 
have been either conducted at an independent laboratory or should have been 
witnessed by a client. 

10.02.02 However if the Contactor is not able to submit report of the type test(s) conducted 
within last ten years from the date of bid opening, or in the case of type test 
report(s) are not found to be meeting the specification requirements, the Contactor 
shall conduct all such tests under this contract at no additional cost to the 
Employer either at third party lab or in presence of client/Employers representative 
and submit the reports for approval. 

10.02.03 LIST OF TESTS FOR WHICH REPORTS HAVE TO BE SUBMITTED 

 The following type test reports shall be submitted for each type and rating 
of LT motor of above 100 KW only 
  
1. Measurement of resistance of windings of stator and wound rotor. 
 
 
2. No load test at rated voltage to determine input current power and speed  

 
3. Open circuit voltage ratio of wound rotor motors ( in case of Slip ring 

motors)  
 
4. Full load test to determine efficiency power factor and slip 

5. Temperature rise test 
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6. Momentary excess torque test. 
 
7. High voltage test 

 
8. Test for vibration severity of motor. 
 
9. Test for noise levels of motor(Shall be limited as per clause no 7.06.00 of 

this section) 
 
10. Test for degree of protection and  
 
11. Overspeed test. 
 
12. Type test reports for motors located in fuel oil area having flame proof 

enclosures as per IS 2148 / IEC 60079-1 
 

10.03.00  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. 

10.04.00 The type test reports once approved for any projects shall be treated as 
reference. For subsequent projects of NTPC, an endorsement sheet will be 
furnished by the manufacturer confirming similarity and “No design Change”. 
Minor changes if any shall be highlighted on the endorsement sheet. 
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TABLE - I 

DIMENSIONS OF TERMINAL BOXES FOR LV MOTORS 

 Motor MCR in KW  Minimum distance between centre 
of bottom terminal stud and gland   
plate in mm 

 UP to 3 KW     As per manufacturer's practice. 

 Above 3 KW - upto 7 KW   85 

 Above 7 KW - upto 13 KW  115 

  
 Above 13 KW - upto 24 KW  167 

 Above 24 KW - upto 37 KW  196 

 Above 37 KW - upto 55 KW  249 

 Above 55 KW - upto 90 KW  277 

 Above 90 KW - upto 125 KW  331 

 Above 125 KW-upto 200 KW  385/203 (For Single 
core cables only) 

 
 For HT motors the distance between gland plate and the terminal studs shall not 

be less than 500 mm. 

PHASE TO PHASE/ PHASE TO EARTH AIR CLEARANCE: 

 NOTE: Minimum inter-phase and phase-earth air clearances for LT motors with 
lugs installed shall be as follows: 

 
  Motor MCR in KW    Clearance   
 
  UP  to 110  KW    10mm 
  
  Above 110 KW  and  upto 150 KW  12.5mm 
    
  Above 150 KW     19mm 
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1.0 INTENT OF SPECIFIATION 

The specification covers the design, materials, constructional features, manufacture, inspection and 

testing at manufacturer’s work, and packing of Low voltage (LV) squirrel cage induction motors 

along with all accessories for driving auxiliaries in thermal power station. 

 Motors having a voltage rating of below 1000V are referred to as low voltage (LV) motors. 

2.0 CODES AND STANDARDS

 Motors shall fully comply with latest edition, including all amendments and revision, of following 

codes and standards: 

IS:325 Three phase Induction motors 

IS : 900 Code of practice for installation and maintenance of induction motors 

IS: 996 Single phase small AC and universal motors 

IS: 4722 Rotating Electrical machines 

IS: 4691 Degree of Protection provided by enclosures for rotating electrical machines 

IS: 4728 Terminal marking and direction of rotation rotating electrical machines 

IS: 1231 Dimensions of three phase foot mounted induction motors 

IS: 8789 Values of performance characteristics for three phase induction motors 

IS: 13555 Guide for selection and application of 3-phase A.C. induction motors for 

different types of driven equipment 

IS: 2148 Flame proof enclosures for electrical appliance 

IS: 5571 Guide for selection of electrical equipment for hazardous areas 

IS: 12824 Type of duty and classes of rating assigned 

IS: 12802 Temperature rise measurement for rotating electrical machnines 

IS: 12065 Permissible limits of noise level for rotating electrical machines 

IS: 12075 Mechanical vibration of rotating electrical machines 

In case of imported motors, motors as per IEC-34 shall also be acceptable. 

3.0 DESIGN REQUIREMENTS

3.1 Motors and accessories shall be designed to operate satisfactorily under conditions specified in data 

sheet-A and Project Information, including voltage & frequency variation of supply system as defined 

in Data sheet-A 

3.2 Motors shall be continuously rated at the design ambient temperature specified in Data Sheet-A and 

other site conditions specified under Project Information 

Motor ratings shall have at least a 15% margin over the continuous maximum demand of the driven 

equipment, under entire operating range including voltage & frequency variation specified above. 

3.3 Starting Requirements

3.3.1 Motor characteristics such as speed, starting torque, break away torque and starting time shall be 

properly co-ordinated with the requirements of driven equipment. The accelerating torque at any 

speed with the minimum starting voltage shall be at least 10% higher than that of the driven 

equipment. 

3.3.2 Motors shall be capable of starting and accelerating the load with direct on line starting without 

exceeding acceptable winding temperature. 
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 The limiting value of voltage at rated frequency under which a motor will successfully start and 

accelerate to rated speed with load shall be taken to be a constant value  as per Data Sheet - A during 

the starting period of motors. 

3.3.3 The following frequency of starts shall apply 

i) Two starts in succession with the motor being initially at a temperature not exceeding the 

rated  load temperature. 

ii) Three equally spread starts in an hour the motor being initially at a temperature not exceeding  

the rated load operating temperature. (not to be repeated in the second successive hour) 

iii) Motors for coal conveyor and coal crusher application shall be suitable for three consecutive 

hot starts followed by one hour interval with maximum twenty starts per day and shall be 

suitable for mimimum 20,000 starts during the life time of the motor 

3.4 Running Requirements

3.4.1 Motors shall run satisfactorily at a supply voltage of 75% of rated voltage for 5 minutes with full load 

without injurious heating to the motor. 

3.4.2 Motor shall not stall due to voltage dip in the system causing momentary drop in voltage upto 70% of 

the rated voltage for duration of 2 secs. 

3.5 Stress During bus Transfer

3.5.1 Motors shall withstand the voltage, heavy inrush transient current, mechanical and torque stress 

developed due to the application of 150% of the rated voltage for at least 1 sec. caused due to vector 

difference between the motor residual voltage and the incoming supply voltage during occasional auto 

bus transfer. 

3.5.2 Motor and driven equipment shafts shall be adequately sized to satisfactorily withstand transient 

torque under above condition. 

3.6 Maximum noise level measured at distance of 1.0 metres from the outline of motor shall not exceed 

the values specified in IS 12065. 

3.7 The max. vibration velocity or double amplitude of motors vibration as measured at motor bearings 

shall be within the limits specified in IS: 12075. 

4.0 CONSTRUCTIONAL FEATURES

4.1 Indoor motors shall conform to degree of protection IP: 54 as per IS: 4691. Outdoor or semi-indoor 

motors shall conform to degree of protection IP: 55 as per IS: 4691and shall be of weather-proof 

construction. Outdoor motors shall be installed under a suitable canopy 

4.2 Motors upto 160KW shall have Totally Enclosed Fan Cooled (TEFC) enclosures, the method of 

cooling conforming to IC-0141 or IC-0151 of IS: 6362.  

Motors rated above 160 KW shall be Closed Air Circuit Air (CACA) cooled 

4.3 Motors shall be designed with cooling fans suitable for both directions of rotation. 
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4.4. Motors shall not be provided with any electric or pneumatic operated external fan for cooling the 

motors. 

4.5 Frames shall be designed to avoid collection of moisture and all enclosures shall be provided with 

facility for drainage at the lowest point. 

4.6 In case Class ‘F’ insulation is provided for LV motors,  temperature rise shall be limited to the limits 

applicable to Class ‘B’ insulation. 

In case of continuous operation at extreme voltage limits the temperature limits specified in table-1 of 

IS:325 shall not exceed by more than 10 C.

4.7 Terminals and Terminal Boxes

4.7.1 Terminals, terminal leads, terminal boxes, windings tails and associated equipment shall be suitable 

for connection to a supply system having a short circuit level, specified in the Data Sheet-A. 

 Unless otherwise stated in Data Sheet-A, motors of rating 110 kW and above will be controlled by 

circuit breaker and below 110 kW by switch fuse-contactor. The terminal box of motors shall be 

designed for the fault current mentioned in data sheet “A”. 

4.7.2 unless otherwise specified or approved, phase terminal boxes of horizontal motors shall be positioned 

on the left hand side of the motor when viewed from the non-driving end.  

4.7.3 Connections shall be such that when the supply leads R, Y & B are connected to motor terminals A B 

& C or U, V & W respectively, motor shall rotate in an anticlockwise direction when viewed from the 

non-driving end. Where such motors require clockwise rotation, the supply leads R, Y, B will be 

connected to motor terminals A, C, B or U W & V respectively. 

4.7.4 Permanently attached diagram and instruction plate made preferably of stainless steel shall be 

mounted inside terminal box cover giving the connection diagram for the desired direction of rotation 

and reverse rotation. 

4.7.5 Motor terminals and terminal leads shall be fully insulated with no bar live parts. Adequate space 

shall be available inside the terminal box so that no difficulty is encountered for terminating the cable 

specified in Data Sheet-A. 

4.7.6 Degree of protection for terminal boxes shall be IP 55 as per IS 4691.  

4.7.7 Separate terminal boxes shall be provided for space heaters.. If this is not possible in case of LV 

motors, the space heater terminals shall be adequately segregated from the main terminals in the main 

terminal box. Detachable gland plates with double compression brass glands shall be provided in 

terminal boxes. 

4.7.8. Phase terminal boxes shall be suitable for 360 degree of rotation in steps of 90 degree for LV motors. 

4.7.9 Cable glands and cable lugs as per cable sizes specified in Data Sheet-A shall be included. Cable lugs 

shall be of tinned Copper, crimping type. 

4.8 Two separate earthing terminals suitable for connecting G.I. or MS strip grounding conductor of size 

given in Data Sheet-A shall be provided on opposite sides of motor frame. Each terminal box shall 

have a grounding terminal. 
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4.9.1 Motors provided for similar drives shall be interchangeable. 

4.9.2 Suitable foundation bolts are to be supplied alongwith the motors. 

4.9.3 Motors shall be provided with eye bolts, or other means to facilitate safe lifting if the weight is 20Kgs. 

and above. 

4.9.4 Necessary fitments and accessories shall be provided on motors in accordance with the latest Indian 

Electricity rules 1956. 

4.9.5 All motors rated above 30 kW shall be provided with space heaters to maintain the motor internal air 

temperature above the dew point. Unless otherwise specified, space heaters shall be suitable for a 

supply of 240V AC, single phase, 50 Hz. 

4.9.6 Name plate with all particulars as per IS: 325 shall be provided  

4.9.7 Unless otherwise specified, the colour of finish shall be grey to Shade No. 631 and 632 as per IS:5 for 

motors installed indoor and outdoor respectively. The paint shall be epoxy based and shall be suitable 

for withstanding specified site conditions. 

5.0 INSPECTION AND TESTING

5.1 All materials, components and equipments covered under this specification shall be procured, 

manufactured, as per the BHEL standard quality plan No. PED-506-00-Q-006/0 and  PED-506-00-Q-

007/2 enclosed with this specification and which shall be complied. 

5.2 LV motors of type-tested design shall be provided. Valid type test reports not more than 5 year shall 

be furnished. In the absence of these, type tests shall have to be conducted by manufacturer without 

any commercial implication to purchaser.  

5.3 All motors shall be subjected to routine tests as per IS: 325 and as per BHEL standard quality plan. 

5.4 Motors shall also be subjected to additional tests, if any, as mentioned in Data Sheet A. 

6.0 DRAWINGS TO BE SUBMITTED AFTER AWARD OF CONTRACT

 a) OGA drawing showing the position of terminal boxes, earthing connections etc. 

 b) Arrangement drawing of terminal boxes. 

 c) Characteristic curves:  

  (To be given for motor above 55 kW unless otherwise specified in Data Sheet).

  i) Current vs. time at rated voltage and minimum starting voltage. 

  ii) Speed vs. time at rated voltage and minimum starting voltage. 

iii) Torque vs. speed at rated voltage and minimum voltage.  

For the motors with solid coupling the above curves i), ii), iii) to be furnished for the 

motors coupled with driven equipment. In case motor is coupled with mechanical 

equipment by fluid coupling, the above curves shall be furnished with and without 

coupling.

iv) Thermal withstand curve under hot and cold conditions at rated 

 voltage and max. permissible voltage. 
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 Each cable vault should have at least two doors. 

 Exit signs shall be provided near doors for personnel escape in case of emergency 

2.01.06    Boiler Area 
 
  
 Cable trays in boiler & ESP area shall be supported from the boiler and ESP structures.  

The same shall be coordinated with SG/ESP contractor. 
 
 Cable trays in these areas shall be in vertical formation to avoid dust accumulation. No 

cable trenches shall be provided in boiler/ESP area. 
 
2.01.07  Two separate cable routes shall be provided for cable routing of working and standby 

drives or different set/group (say 50% capacity) of auxiliaries. 
 
2.01.08 OffSite Area  
 
 For feeder in bidder’s scope for offsite areas, overhead cable tray arrangement shall be 

followed. However cable trenches/slit may also be acceptable, for some areas, if found to be 
required during detailed engineering. 

 Cable trenches provided shall be separated from fuel oil area to avoid oil accumulation. 
 
2.01.09 The cable slits to be used for motor/equipment power/control supply shall be sand filled & 

covered with PCC after cabling. 

2.01.10 Sizing criteria, derating factors for the cables shall be met as per respective chapters. 
However for the power cables, the minimum conductor size shall be 6 sq.mm. for aluminium 
conductor and 2.5 sq.mm. for copper conductor cable.  

 
2.01.11   Conscious exceptions to the above guidelines may be    accepted under special conditions 

but suitable measures should be taken at such location to: 
 

 Meet all safety requirements 
 Safeguard against fire hazards, mechanical damage, flooding of water, oil 

accumulation, electrical faults/interferences, etc 
 
3.00.00  EQUIPMENT DESCRIPTION 
 
3.01.00  Cable trays, Fittings & Accessories 
 
3.01.01  Cable trays shall be ladder/perforated type as specified complete with matching fittings (like 

brackets, elbows, bends, reducers, tees, crosses, etc.) accessories (like side coupler plates, 
etc. and  hardware (like bolts, nuts, washers, G.I. strap, hook etc.) as required. Cable tray 
shall be ladder type for power & control cables and perforated for instrumentation cables. 

 
3.01.02  Cable trays, fittings and accessories shall be fabricated out of rolled mild steel sheets free 

from flaws such as laminations, rolling marks, pitting etc. These (including hardware) shall 
be hot dip galvanized as per Clause No. 3.13.00 of this chapter. 

 
3.01.03  Cable trays shall have standard width of 150 mm, 300 mm & 600 mm and standard lengths 

of 2.5 metre. Thickness of mild steel sheets used for fabrication of cable trays and fittings 
shall be 2 mm. The thickness of side coupler plates shall be 3 mm. 

 
3.01.04  Cable troughs shall be required for branching out few cables from main cable route. These 

shall be U-shaped, fabricated of mild steel sheets of thickness 2 mm and shall be hot dip 
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galvanised as per Clause No. 3.13.00 of this chapter. Troughs shall be standard width of 50 
mm & 75 mm with depth of 25 mm. 

 
3.01.05 The tolerance for cable tray and accessories shall be as per IS 2102 (Part-1). 
 Tolerance Class: - Coarse 
 
 
3.02.00  Support System for Cable Trays 
 
3.02.01  Cable tray support system shall be pre-fabricated out of single sheet as per enclosed tender 

drawings. 
 
3.02.02  Support system for cable trays shall essentially comprise of the two components i.e. main 

support channel and cantilever arms. The main support channel shall be of two types : (i) 
C1:- having provision of  supporting cable trays on one side and (ii) C2:-having provision of  
supporting cable trays on both sides. The support system shall be the type described 
hereunder 

 a. Cable supporting steel work for cable racks/cables shall comprise of various 
channel sections, cantilever arms, various brackets, clamps, floor plates, all 
hardwares such as lock washers, hexagon nuts, hexagon head bolt, support hooks, 
stud nuts, hexagon head screw, channel nut, channel nut with springs, fixing studs, 
etc.  

 
 b. The system shall be designed such that it allows easy assembly at site by using 

bolting. All cable supporting steel work, hardwares fitings and accessories shall be 
prefabricated factory galvanised.            

 
 c. The main support and cantilever arms shall be fixed at site using necessary 

brackets, clamps, fittings, bolts, nuts and other hardware etc. to form various 
arrangements required to support the cable trays. Welding of the components shall 
not be allowed. However, welding of the bracket (to which the main support channel 
is bolted) to the overhead beams, structural steel, insert plates or reinforcement 
bars will be permitted. Any cutting or welding of the galvansied surface shall be 
brushed and red lead primer, oil primer & aluminium paint shall be applied 

 
 d. All steel components, accessories, fittings and hardware shall be hot dip galvanised 

after completing welding, cutting, drilling and other machining operation. 
 
 e. The typical arrangement of flexible support system is shown in the enclosed 

drawings and described briefly below: 
 
  The main support channel and cantilever arms shall be fabricated out of 2.5 thick 

rolled steel sheet conforming to IS 1079. 
 
 f. Cantilever arms of   320 mm, 620mm and 750 mm in length are required, and shall 

be as shown in the enclosed drawing. The arm portion shall be suitable for 
assembling the complete arm assembly on to component constructed of standard 
channel section. The back plate shall allow sufficient clearance for fixing bolt to be 
tightened with tray in position. 

  
 g. Support system shall be able to withstand 
 

 weight of the cable trays 
 weight of the cables (75 Kg/Metre run of each cable tray) 
 Concentrated load of 75 Kg between every support span. 
 Factor of safety of minimum 1.5 shall be considered. 
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3.02.03  The size of structural steel members or thickness of sheet steel of main support channel 
and cantilever arms and other accessories as indicated above or in the enclosed drawings 
are indicative only. Nevertheless, the support system shall be designed by the bidder to fully 
meet the requirements of type tests as specified. In case the system fails in the tests, the 
components design modification shall be done by the Bidder without any additional cost to 
the Employer. The bidder shall submit the detailed drawings of the system offered by him 
alongwith the bid. 

 
3.02.04 Four legged structure shall be provided wherever there is change in elevation and change in 

direction 
 
 
3.02.05 FOR COAL HANDLING PLANT/FGD PLANT AREA THE FOLLOWING SHALL ALSO BE 

APPLICABLE:

 a)  All overhead cable routes shall be along the route of the conveyor gallery on 
separate supporting structures and cables shall be laid in vertical trays. The bottom 
of the steel shall be such that the existing facilities, movement of trucks/human 
beings etc. does not get affected. The cable trestle shall have a minimum 600mm 
clear walk way and shall have maintenance platforms as required. The bottom of 
the steel supporting structure shall be generally at 3.0M above the grade level 
except for rail/road crossings where it shall be at 8.0M above grade level.  Tap offs 
from the overhead cable trestle can be through shallow trenches with prior approval 
of the Employer.  Directly buried cable, if essential, shall not have concentration of 
more than 4 cables on one route. 

 
 b)  Cable trenches shall be provided only in Switchgear/MCC rooms. 
 
 c)  Cables shall not be routed through the conveyor galleries except for the equipment 

located in the conveyor galleries for a particular conveyor i.e. protection switches, 
receptacles etc. 

 
 d)  Cables for PCS and BSS shall be routed along the conveyors through GI conduits. 
  
 
3.03.00  Pipes, Fittings & Accessories 
 
3.03.01  Pipes offered shall be complete with fittings and accessories (like tees, elbows, bends, 

check nuts, bushings, reducers, enlargers, coupling caps, nipples etc.) The size of the pipe 
shall be selected on the basis of maximum 40% fill criteria 

 
3.03.02  GI Pipes shall be of medium duty as per IS: 1239 
 
3.03.03  Duct banks shall be High Density PE pipes encased in PCC (10% spare of each size, 

subject to minimum one) with suitable water-proof manholes. 
 
3.03.04 Hume pipes shall be NP3 type as per IS 458. 
 
3.03.05 TERNE Coated Flexible Steel Conduits shall be water proof and rust proof made of 

heat resistant lead coated steel. Conduit diameter shall be uniform throughout its 
length. Internal surface of the conduit shall be free from burrs and sharp edges. 
Conduits shall be complete with necessary accessories for proper termination of the 
conduit with junction boxes and lighting fixtures 

3.03.06 HDPE pipes and conduits shall be PE-80, PN-10 type as per IS 4984/IS 8008 part-I. 
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3.04.00  Junction Boxes 
 
3.04.01  Junction box shall be made of Fire retardant material. Material of JB shall be Thermoplastic 

or thermosetting or FRP type. The box shall be provided with the terminal blocks, mounting 
bracket and screws etc. The cable entry shall be through galvanized steel conduits of 
suitable diameter. The JB shall have suitable for installing glands of suitable size on the 
bottom of the box. The JB shall be suitable for surface mounting on ceiling/structures. The 
JB shall be of grey color RAL 7035. All the metal parts shall be corrosion protected. Junction 
box surface should be such that it is free from crazings, blisterings, wrinkling, colour 
blots/striations. There should not be any mending or repair of surface. JB’s will be provided 
with captive screws so that screws don’t fall off when cover is opened. JB’s mounting 
brackets should be of powder coated MS. Type test reports for the following tests shall be 
furnished:- 

 
 (a) Impact resistance for impact energy of 2 Joules (IK07)as per BS  EN50102 
                        
                        (b) Thermal ageing at 70deg C for 96 hours as per IEC60068-2-2Bb. 
 
                       (c) Class of protection shall be IP 55. 
 
                      (d) HV test. 
 
3.04.02  Terminal blocks shall be 1100V grade, of suitable current rating, made up of unbreakable 

polyamide 6.6 grade. The terminals shall be screw type or screw-less (spring loaded) / cage 
clamp type with lugs. Marking on terminal strips shall correspond to the terminal numbering 
in wiring diagrams. All metal parts shall be of non-ferrous material. In case of screw type 
terminals the screw shall be captive, preferably with screw locking design. All terminal 
blocks shall be suitable for terminating on each side the required cables/wire size.  All 
internal wiring shall be of cu. Conductor PVC wire. 

 
3.05.00           Terminations & Straight Through Joints 
 
3.05.01  Termination and jointing kits for 33kV, 11 kV, 6.6 KV and 3.3 kV grade XLPE insulated 

cables shall be of proven design and make which have already been extensively used and 
type tested. Termination kits and jointing kits shall be Pre-moulded type or heat shrinkable 
type. Further Cold shrinkable type termination and jointing kits are also acceptable. The 
Cold shrinkable type kits shall be type tested as per relevant standards. Calculation to 
withstand the required fault level shall also be furnished in case of cold shrinkable type kits. 
33 kV, 11 kV, 6.6 KV and 3.3kV grade joints and terminations shall be type tested and Type 
test reports as per IS:13573 Part-II and IEC60502 shall be furnished. Also, heat shrink 
material shall comply with requirements of ESI 09-13 (external tests). Critical components 
used in cable accessories shall be of tested and proven quality as per relevant product 
specification/ESI specification. Cable joints and terminations should be with FRLS 
properties as per IEC 60754-1&2. Kit contents shall be supplied from the same source as 
were used for type testing. The kit shall be complete with the tinned copper solderless 
crimping type cable lugs & ferrule or mechanical connectors (wherein bolts are tightened 
that shear off at an appropriate torque) as per DIN standard suitable for aluminium 
compacted conductor cables. (Tender drg. no 0000-211-POE –A-51-RA of cable lug 
attached at the end of this chapter). 

 
3.05.02  Straight through joint and termination shall be capable of withstanding the fault level of 21 

KA for 0.12 Sec. with dynamic peak of 52 KA for 33 KV system & of 40 kA for 0.12 sec with 
a dynamic peak of 100 kA for 11 kV, 6.6 KV & 3.3 KV system. Straight through joints shall 
have provisions for shield connection and earthing wherever required and complete with all 
accessories and consumables suitable for storage without deterioration at a temperature of 
50 deg. C with shelf life of more than five years.  1.1 kV grade straight through joints shall 
also be of proven design 
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3.05.03  1.1 KV grade Straight Through Joint shall be of proven design. 

3.06.00  Cable glands 
 
3.06.01 Cable shall be terminated using double compression type cable glands. Testing 

requirements of Cable glands shall conform to BS:6121 and gland shall be of robust 
construction capable of clamping cable and cable armour (for armoured cables) firmly 
without injury to insulation. Cable glands shall be made of heavy duty brass machine 
finished and nickel chrome plated. Thickness of plating shall not be less than 10 micron. All 
washers and hardware shall also be made of brass with nickel chrome plating Rubber 
components shall be of neoprene or better synthetic material and of tested quality. Cable 
glands shall be suitable for the sizes of cable supplied/erected. 

 
3.07.00  Cable lugs/ferrules 
 
3.07.01  Cable lugs/ferrules for power cables shall be tinned copper solderless crimping type suitable 

for aluminium compacted conductor cables. 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. Cable lugs and 
ferrule shall conform to IS/DIN standards. 

 
3.08.00  Trefoil clamps 
 
3.08.01  Trefoil clamps for single core cables shall be pressure die cast aluminum or fibre glass or 

nylon and shall include necessary fixing accessories like G.I. nuts, bolts, washers, etc. 
Trefoil clamps shall have adequate mechanical strength, when installed at 1 mtr intervals, to 
withstand the forces generated by the peak value of maximum system short circuit current.  

 
3.09.00  Cable Clamps & Ties 
3.09.01  The cable clamps/ties required to clamp multicore cables shall be of SS-316 material, 12mm 

wide, polyster coated ladder lock type. The clamps/ties shall have self locking arrangement 
& shall have sufficient strength. The cable clamps/ties shall be supplied in finished individual 
pieces of suitable length to meet the site requirements. 

3.10.00  Receptacles 
 
3.10.01  Receptacles boxes shall be fabricated out of MS sheet of 2mm thickness and hot dipped 

gavanised or of die-cast aluminium alloy of thickness not less than 2.5 mm. The boxes shall 
be provided with two nos. earthing terminals, gasket to achieve IP55 degree of protection, 
terminal blocks for loop-in loop-out for cable of specified sizes, mounting brackets suitable 
for surface mounting on wall/column/structure, gland plate etc. The ON-OFF switch shall be 
rotary type heavy duty, double break,AC23 category, suitable for AC supply. Plug and 
Socket shall be shrouded Die-cast aluminium. Socket shall be provided with lid safety cover. 
Robust mechanical interlock shall be provided such that the switch can be put ON only 
when the plug is fully engaged and plug can be withdrawn only when the switch is in OFF 
position. Also cover can be opened only when the switch is in OFF position. Wiring shall be 
carried out with 1100 V grade PVC insulated stranded aluminium/copper wire of adequate 
size. The Terminal blocks shall be of 1100 V grade.  The Terminal blocks shall be of 1100 V 
grade made up of unbreakable polymide 6.6 grade with adequate current rating and size. 
The welding receptacles shall be provided with RCCB/RCD of 30mA sensitivity having 
facility for manual testing/checking of operation of RCCB/RCD.    

3.11.00  Cable Drum Lifting Jack
The jack for cable drum lifting shall be of screw type with 10 ton capacity. The cable drum 
jacks shall be manufactured from fabricated steel. The spindles supplied with the cable 
drum jack shall be manufactured using BSEN-24 grade steel bar with locking collars. Jack 
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nests shall be of SG cast steel. Cable drum jack supplied shall have undergone load testing 
and reports for the same shall be submitted. At least Two Nos. of jacks shall be supplied for 
NTPC use. Contractor has to make arrangements for his own jacks for cable 
reeling/unreeling under his scope of installation. 

                                                                                                                                                                                               
3.12.00  Galvanising 
 
3.12.01  Galvanising of steel components and accessories shall conform to IS:2629 , IS4759 & 

IS:2633. Additionally galvanising shall be uniform, clean smooth, continuous and free from 
acid spots. 

 
3.12.02  The amount of zinc deposit over threaded portion of bolts, nuts, screws and washers shall 

be as per IS:1367 . The removal of extra zinc on threaded portion of components shall be 
carefully done to ensure that the threads shall have the required zinc coating on them as 
specified 

 
3.13.00  Welding 
 
3.13.01  The welding shall be carried out in accordance with IS:9595. All welding procedures and 

welders qualification shall also be followed strictly in line with IS:9595 
 
4.00.00  INSTALLATION 
 
4.01.00  Cable tray and Support System Installation 
 
4.01.01  Cables shall run in cable trays mounted horizontally or vertically on cable tray support 

system which in turn shall be supported from floor, ceiling, overhead structures, trestles, 
pipe racks, trenches or other building structures.  

 
4.01.02  Horizontally running cable trays shall be clamped by bolting to cantilever arms and vertically 

running cable trays shall be bolted to main support channel by suitable bracket/clamps on 
both top and bottom side rails at an interval of 2000 mm in general. For vertical cable 
risers/shafts cable trays shall be supported at an interval of 1000mm in general. Fixing of 
cable trays to cantilever arms or main support channel by welding shall not be accepted. 
Cable tray installation shall generally be carried out as per the approved guidelines/ 
drawings.  Vendor shall design the support system along with tray, spacing etc in line with 
tray loadings/drawings.  

 
4.01.03  The cantilever arms shall be positioned on the main support channel with a minimum 

vertical spacing of 300 mm unless otherwise indicated. 
 

4.01.04 The contractor shall fix the brackets/ clamps/ insert plates using anchor fasteners. Minimum 
size of anchor fasteners shall be M 8 X 50 and material shall be stainless steel grade 316 or 
better. Anchor fastener shall be fixed as recommended by manufacturer and as approved 
by site engineer. For brick wall suitable anchor fasteners shall be used as per the 
recommendations of manufacturer. Make of anchor fasteners subject to QA approval and 
the same shall be finalized at pre-award stage. 

4.01.05  All cable way sections shall have identification, designations as per cable way layout 
drawings and painted/stenciled at each end of cable way and where there is a branch 
connection to another cable way. Minimum height of letter shall be not less than 75 mm. For 
long lengths of trays, the identification shall be painted at every 10 meter. Risers shall 
additionally be painted/stenciled with identification numbers at every floor. 

4.01.06  In certain cases it may be necessary to site fabricate portions of trays, supports and other 
non standard bends where the normal prefabricated trays, supports and accessories may 
not be suitable. Fabricated sections of trays, supports and accessories to make the 
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installation complete at site shall be neat in appearance and shall match with the 
prefabricated sections in the dimensions. They shall be applied with one coat of red lead 
primer, one coat of oil primer followed by two finishing coats of aluminium paint. 

 
4.02.00  Conduits/Pipes/Ducts Installation 
 
4.02.01  The Contractor shall ensure for properly embedding conduit pipe sleeves wherever 

necessary for cabling work.  All openings in the floor/roof/wall / cable tunnel/cable trenches 
made for conduit installation shall be sealed and made water proof by the Contractor. 

 
4.02.02  GI pull wire of adequate size shall be laid in all conduits before installation. Metallic conduit 

runs at termination shall have two lock nuts wherever required for junction boxes etc. 
 
4.02.03  Conduit runs/sleeves shall be provided with PVC bushings having round edge at each end. 

All conduits/pipes shall have their ends closed by caps until cables are pulled. After cables 
are pulled, the ends of conduits/pipes shall be sealed with Glass wool/Cement Mortar/Putty 
to prevent entrance of moisture and foreign material 

 
4.02.04  Exposed conduit/pipe shall be adequately supported by racks, clamps, straps or by other 

approved means. Conduits /pipe support shall be installed square and true to line and grade 
with an average spacing between the supports as given below, unless specified otherwise 

 
 Conduit /pipe size (dia). Spacing 
 
 Upto 40 mm 1 M 

 50 mm 2.0 M 
 
 65-85 mm 2.5 M 
 
 100 mm and above 3.0 M 
 
4.02.05  For bending of conduits, bending machine shall be arranged at site by the contractor to 

facilitate cold bending. The bends formed shall be smooth. 
 
4.03.00  Junction Boxes Installation 
 
4.03.01  Junction boxes shall be mounted at a height of 1200mm above floor level or as specified in 

the drawings and shall be adequately supported/mounted on masonry wall by means of 
anchor fasteners/ expandable bolts or shall be mounted on an angle, plate or other 
structural supports fixed to floor, wall, ceiling or equipment foundations. 

 
4.04.00  Cable Installation 
 
4.04.01  Cable installation shall be carried out as per IS:1255 and other applicable standards.  
  
4.04.02 For Cable unloading, pulling etc following guidelines shall be followed in general:  
 
 a)   Cable drums shall be unloaded, handled and stored in an approved manner on hard 

and well drained surface so that they may not sink. In no case shall be drum be 
stored flat i.e. with flange horizontal. Rolling of drums shall be avoided as far as 
possible. For short distances, the drums may be rolled provided they are rolled 
slowly and in proper direction as marked on the drum. In absence of any indication, 
the drums may be rolled in the same direction as it was rolled during taking up the 
cables. For unreeling the cable, the drum shall be mounted on suitable jacks or on 
cable wheels and shall be rolled slowly so that cable comes out over the drum and 
not from below. All possible care shall be taken during unreeling and laying to avoid 
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HVAC SYSTEM 

           (HVAC SYSTEM) 
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SPECIFICATION FOR
CONTROL & INSTRUMENTATION FOR AUX 

PACKAGES

SPECIFICATION NO.:  

VOLUME  

SUB SECTION  

REV. NO.  DATE :  

SHEET   OF    FO
R

M
 N

O
. P

EM
-6

66
6-

0

 GENERAL REQUIREMENT 

1.0 Bidder shall provide complete and independent control & instrumentation system with all 
accessories, auxiliaries and associated equipments for the safe, efficient and reliable operation of 
auxiliary systems. 

2.0 The quantity of instruments for auxiliary system shall be as per tender P &ID wherever provided 
of the respective system as a minimum, for bidding purpose. However, Bidder shall also include 
in his proposal all the instruments and devices that are needed for the completeness of the plant 
auxiliary system/ equipment supplied by the bidder, even if the same is not specifically appearing 
in the P & ID.  During detail engineering if any additional instruments are required for safe & 
reliable operation of plant, bidder shall supply the same without any price implication. 

3.0 Measuring instruments/equipment and subsystems offered by the bidder shall be from reputed 
experienced manufacturers of specified type and range of equipment, whose guaranteed and 
trouble free operation has been proven. Further all the instruments shall be of proven reliability, 
accuracy, and acceptable international standards and shall be subject to employer’s approval. All 
instrumentation equipment and accessories under this specification shall be furnished as per 
technical specification, ranges, makes/ numbers as approved by the employer’ during detail 
engineering. 

4.0 The necessary root valves, impulse piping, drain cocks, gauge-zeroing cocks, valve manifold and   
all the other accessories required for mounting/ erection of these local instruments shall be 
furnished, even if not specifically asked for, on as required basis. The contacts of equipment 
mounted instruments; sensors, switches etc for external connection including spare contacts shall 
be wired out to suitably located junction boxes.  

5.0 The customer specification attached as Specific Technical Requirement will supercede the Data 
sheets, if there is any mismatch.

5

BH
EL

-N
KT

PP
-C

PU
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C&I SPECIFICATION FOR

HVAC SYSTEM
 

 
SECTION: C 
SUB SECTION: C&I 

 
 
 
 
 
 
 
 
 
 

MEASURING INSTRUMENTS 
(PRIMARY & SECONDARY), VFD, 
ELECTRICAL ACTUATOR & LCP 
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CLAUSE NO. TECHNICAL REQUIREMENTS 
 
 

 

LOT-1A PROJECTS, 
   FLUE GAS DESULPHURISATION (FGD) SYSTEM 

PACKAGE 

TECHNICAL SPECIFICATIONS 
SECTION – VI, PART-B 

BID DOC. NO.: CS-0011-109(1A)-2 

PART-B 
SUB-SECTION-III-C2 

MEASURING 
INSTRUMENTS 

PAGE 5 OF 8 

 

The vibration monitor racks with power supplies shall be mounted in a separate self 
standing cabinet to be located in control room. The number of racks and power 
supplies shall be such that on failure of a single power supply/module, not more than 
four monitors shall be affected. The vibration monitoring cabinet shall be fed from 
redundant 24V DC feeders with auto changeover scheme. 

 
The power supply arrangement for monitors shall ensure that failure of one power supply 
shall not affect any monitoring function in the system. Also any power supply failure /earth 
fault in any of the monitors will be isolated without affecting other monitors/ common power 
supply. If 230 V AC UPS power supply is required for panel PC/ desktop PC, UPS/Mini UPS 
for the same shall be provided by the contractor. 

 
The functional requirement for vibration monitoring system shall include but not be 
limited to the following: 

 - Vibration monitor front face status indications shall be available for indications 
of healthy conditions of pick up circuit, monitor circuit and power supply.  On 
sensor fault/wire break in the sensor circuit, the system shall have the feature 
of identifying the same through suitable means like the signal forced to a value 
less than 4 mA. In case, such a feature is not available then suitable contact 
shall be provided from the monitor for sensor fault. 

 - The facility shall be available for online functional checking of monitors. 
 - All vibration monitoring equipment shall be functionally tested for circuit 

continuity and output response. All the components & interconnection cables 
shall be tested to ensure compliance with the specification requirements & all 
other applicable codes & standards. 

 
In case it is the proven standard practice of a Contractor to provide vibration monitoring 
PC with TFT LCD monitor, instead of dedicated monitors with the signal conditioning 
equipment in control equipment room, the same shall also be acceptable. However, all 
relevant functional requirements detailed above shall be met and the system shall be 
subject to Employer’s approval. 
 
 
 

16.00.00 FIELD INSTRUMENTS BASED ON FIELDBUS 
 
The following instruments shall be connected to DDCMIS through fieldbus i.e. 
FOUNDATION Fieldbus/PROFIBUS PA protocol complying to IEC 61158 directly from 
transmitter. 
 

16.01.00  Electronic Transmitter for Pressure, Differential Pressure and DP based Flow / 
Level measurements.                                               
 
S No. 
 

Features Essential/Minimum Requirements 

1. 
 

Type of Transmitter   FOUNDATION Fieldbus/PROFIBUS PA based output   
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CLAUSE NO. TECHNICAL REQUIREMENTS 
 
 

 

LOT-1A PROJECTS, 
   FLUE GAS DESULPHURISATION (FGD) SYSTEM 

PACKAGE 

TECHNICAL SPECIFICATIONS 
SECTION – VI, PART-B 

BID DOC. NO.: CS-0011-109(1A)-2 

PART-B 
SUB-SECTION-III-C2 

MEASURING 
INSTRUMENTS 

PAGE 6 OF 8 

 

2 

 

 

 

 

 

3.   

 

 

 

 

 

 

4       

      

Accuracy 

 

 

 

 

 

Stability  

 

 

 

 

 

 

Turn down  

 

± 0.060 % of calibrated range (minimum) for calibrated 
range greater than 400 mmwc. 

+0.065% of calibrated range (minimum) for calibrated 
range greater than 250 kg/cm2. 

± 0.10 % of calibrated range (minimum) for calibrated 
range less than 400 mmwc. 

 

0.25 % of calibrated range for 10 years for calibrated 
range greater than equal to 400 mmwc on standard 
conditions of manufacturer.  

0.2 % of calibrated range for 1 years for calibrated range 
less than 400 mmwc on standard conditions of 
manufacturer. 

0.15% of calibrated range for 5 years for DPT with static 
pressure greater than 250 kg/cm2. 

 

50:1 for greater than or equal to span of 400mmwcl.  

20:1 for span below 400mmwcl.   

10:1 for span greater than 250 kg/cm2 

 (Above mentioned (2,3,4) parameters/features of offered models shall be strictly 
as defined in standard published catalogue of the manufacturer only). 

5 Housing Weather proof as per IP-67, metallic housing with durable 
corrosion resistant coating 

6. Electrical connection  ½” NPT(F) FOUNDATION Fieldbus/PROFIBUS PA 
compatible 

7. 

 

Process connection ½”  NPT (F) 

 

8. Operating Ambient 
temperature 

85 deg C without display. 

70 deg C with display. 

 Overpressure  150% of max operating pressure 

9 

 

 

 

 

 

Accessories 

 

 

 

 

 

-Diaphragm seal, pulsation dampeners, syphon etc. as 
required by service and operating condition. 

-2 valve manifold for absolute & gauge pressure 
transmitters, -3-valve for DP and 5 valve manifold for 
level/flow applications. 

-The valve manifold shall be non-integral type. 

-For hazardous area, enclosure as described in NEC 
article 5. 
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CLAUSE NO. TECHNICAL REQUIREMENTS 
 
 

 

LOT-1A PROJECTS, 
   FLUE GAS DESULPHURISATION (FGD) SYSTEM 

PACKAGE 

TECHNICAL SPECIFICATIONS 
SECTION – VI, PART-B 

BID DOC. NO.: CS-0011-109(1A)-2 

PART-B 
SUB-SECTION-III-C2 

MEASURING 
INSTRUMENTS 

PAGE 7 OF 8 

 

                

10. Mounting 

 

2 inch pipe mounting with Enclosure/Rack/Canopy. 

11. Diagnostics & 
display 

Self-Indicating feature and digital display on transmitter 

Notes  

- For primary air/ secondary air/flue gas/ furnace pressure applications, DP type 
transmitters shall be provided for pressure measurement below 2000 mmwc.  

- LVDT type is not acceptable. 

- Where the process fluids are corrosive, viscous, solid bearing or slurry type, 
diaphragm seals shall be provided. Parts below the diaphragm shall be removable for 
cleaning. The entire volume above the diaphragm shall be completely filled with an 
inert liquid suitable for the application.  

 
 
16.02.00           Temperature Transmitter  
                        
 
16.02.01            Single Input /Dual Input Temperature transmitter 
 

Temperature transmitter shall be provided which shall be fully compatible with 
thermocouples and RTDs being provided by the contractor. Temperature compensation 
for thermocouples shall be performed in the temperature transmitter itself. Transmitters 
shall be capable of withstanding ambient temperature up to 85 deg C. 
 
Following specifications are applicable for dual input/single input temperature 
transmitter. 

 

S No. Features Essential/Minimum Requirements 

1. Output   FOUNDATION fieldbus /PROFIBUS  PA 

2. Input Same transmitter shall be capable to handle Pt-100 RTD, 
Thermocouples –K, R & ,S types  

3. Housing Weather proof as per IP-67, metallic housing with durable 
corrosion resistant coating 

4. Electrical 
connection 

½” NPT(F) FOUNDATION Fieldbus/PROFIBUS PA 
compatible 

5. Diagnostics & 
display 

Self-Indicating feature and digital display on transmitter 

6. Operating 
Ambient 
temperature 

85 deg C without display. 

70 deg C with display. 

Page 264 of 525

51296/2020/PS-PEM-MAX
276

Page 164 of 538



CLAUSE NO. TECHNICAL REQUIREMENTS 
 
 

 

LOT-1A PROJECTS, 
   FLUE GAS DESULPHURISATION (FGD) SYSTEM 

PACKAGE 

TECHNICAL SPECIFICATIONS 
SECTION – VI, PART-B 

BID DOC. NO.: CS-0011-109(1A)-2 

PART-B 
SUB-SECTION-III-C2 

MEASURING 
INSTRUMENTS 

PAGE 8 OF 8 

 

7. Mounting 2 inch pipe mounting with Canopy. 

8. Accessories  As required by service and operating condition. 

9. Composite 
Accuracy 

(Refer note 2 ) 

  RTD    =<0.25% of  0-250 deg C span 

  T/C-K type =<0.2% of  0-600 deg C span 

  CJC accuracy (for thermocouples) shall be =< 1 deg C 

Notes: 

1.    In case of failure (open or burn-out) of RTD/thermocouple, transmitter shall provide 
low temperature output. 

2.     Dual input temperature transmitter shall have bump less changeover facility to 
second sensor in case first sensor fails. This changeover is to be alarmed. 

 3.   Composite accuracy is to be calculated as summation of all applicable accuracies 
of temperature transmitter for converting sensor input to output (e.g., basic 
accuracy, digital accuracy, etc.) and temperature effect on these accuracies at 
ambient temperature of 50 deg C, based on the figure/ formula given in the 
standard product catalogue for span as specified above for various types of 
temperature elements specified. All such accuracy/ temperature effect figures in 
catalogue shall be first converted to deg C, and then percentage of this converted 
accuracy in specified span shall be calculated to compare with the specified 
composite accuracy figures. All temperature transmitters shall be interchangeable 
(i.e. can be used for either RTD or thermocouple) and composite accuracy shall be 
met for each type of input as specified above. 

3.    Above mentioned parameters/features of offered models shall be strictly as defined 
in standard published catalogue of the manufacturer only. 

4.     Dual input temperature transmitters can also be accepted in place of single input 
TT. 
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CLAUSE NO. 
 

TECHNICAL REQUIREMENTS    
 

 
 

LOT-3 PROJECTS  
FLUE GAS DESULPHURISATION (FGD) 

SYSTEM PACKAGE 

TECHNICAL SPECIFICATION 
SECTION – VI, PART-B 

BID DOC NO : CS-0011-109(3)-9 

SUB-SECTION II-E-19 
VFD 

PAGE 
1 OF 15 

 
 

VFD 

1.00.00 GENERAL 

The Design, manufacture, erection, testing and performance of items and services 
provided under this specification shall comply with the latest edition including all 
applicable official amendments and revisions as on date of award of the following 
standards. In case of conflict between this specification and code (IS Code, 
standards, etc.) referred herein, the former shall prevail. All work shall be carried out 
as per the following codes and standards. 

2.00.00 CODES AND STANDARDS  

HT breaker                                                  IEC:60056 

DC reactor                                                  IEC 60289 

Transformers                                                IS:2026,  IEC: 60076 

                                                                                             IEC 61378 

Bushing                                                 IS: 2099, IEC 60137 

Adjustable Speed Electrical Power Drive Systems              IEC 61800                       

Semiconductor converters–General requirements              IEC 60146                        

IEEE Recommended practices and requirements  

for harmonic control in electrical power systems                 IEEE  519 

Degrees of protection provided by enclosures (IP Code)    IEC 60529 

Electrostatic immunity test                                                   IEC1000-4-2 

Fast transient immunity test                                                 IEC1000-4-4 
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LOT-3 PROJECTS  
FLUE GAS DESULPHURISATION (FGD) 

SYSTEM PACKAGE 

TECHNICAL SPECIFICATION 
SECTION – VI, PART-B 

BID DOC NO : CS-0011-109(3)-9 

SUB-SECTION II-E-19 
VFD 
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Surge immunity test                                                             IEC1000-4-5 

High-voltage switchgear and controlgear; Pt.102: Alternating current 

disconnectors and earthing switches                                                IEC 62271-102 

High-voltage switchgear and controlgear; Pt.200:  AC metal-enclosed switchgear 

and controlgear for rated voltages above   1 kV and up to and including 52 KV  

IS/IEC: 62271-200 

AC electricity meters                                                          IS: 722 

Metal oxide surge arrestor  without gap for AC system     IEC: 60099-4 

Terminal blocks for copper conductors                              IEC: 60947-7-1 

Dry transformer                                                       IS: 11171 

Motor                                               IEC 60034-18-41 &42,  

IEC60034 / NEMA 30 & 

31,  

Contactor/Switches/Fuses etc.                                         IEC:60947, IS: 13947 

Harmonics & EM compatibility                                          IEEE:519/IEC: 61000 

VFD                                                           IEC: 60034/ IEC: 61800 

 

  Equipment complying with other internationally accepted standards will also be 
considered if they ensure performance and constructional features equivalent or 
superior to standards listed above.  In such a case, the Bidder shall clearly indicate 
the standard(s) adopted, furnish a copy in English of the latest revision amendments 
and revision in force as on date of opening of bid and shall clearly bring out the 
salient features for comparison.                                                                  
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3.00.00 OPERATING CONDITIONS 

3.01.00 For the purpose of design of equipment/systems, an ambient temperature of 50 deg. 
Centigrade and also relative humidity of 95% at 40 deg. Celsius shall be considered.   

3.02.00 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. 

3.03.00 The auxiliary AC voltage supply arrangement shall have 11/6.6/3.3kV and 415V 
systems (as applicable).  It shall be designed to limit voltage variations as given 
below under worst operating condition: 

1. 11kV/ 3.3 kV/ 6.6 KV    : +/- 6% 

2. 415V    : +/- 10% 
Note: The Voltage level mentioned above is the Nominal Voltage available at the 
input of the VFD System from the MCC/ Switchgear/transformer, based on the 
system requirement/Availability. 

The voltage level for the VFD output to be fed to motor shall be as follows:- 

1. Upto 400 kW    : 415V/690V, Low Voltage, Three Phase  

                                                                   AC 
2.       Above 400kW and upto 700 KW   : 690V, Low Voltage, Three Phase AC 
3. Above 700KW    : Medium Voltage   

                                                                                                                                                 
From here onwards in the specifications all the VFD Systems consisting of either 
415 V or 690 V may be termed as LV VFD while the higher rated VFD System shall 
be termed as MV VFD. If nothing is mentioned than the Clause is applicable for both 
the LV and the MV VFD until deliberated otherwise.  

 
4.00.00 SYSTEM DESCRIPTION 

 

 

 

 

 

 

Type of drive 3-Phase Diode / Thyristor / Multi Stage IGBT / IGCT / 
SGCT/ IEGT 

Type of Cooling of VFD Naturally air cooled/forced air cooled/Liquid cooled 

Converter Type  Full wave diode rectifier/active front end type  

Inverter Type Thyristor/IGBT/IGCT/SGCT/IEGT 
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5.00.00 GENERAL REQUIREMENTS 

5.01.00 Medium Voltage VFD: The Variable frequency drive (VFD) system shall be of a 
modern proven design for similar applications in power plants/industry. The system 
shall be either Current Source Inverter (CSI) or Voltage Source Inverter (VSI) type 
with minimum eighteen (18) pulse design.  
 

5.02.00 415 V/690 V LV VFD: The Variable frequency drive (VFD) system shall be of a 
modern proven design for similar applications in power plants/industry. The system 
shall be either Current Source Inverter (CSI) or Voltage Source Inverter (VSI) type 
with minimum Twelve (12) pulse design. For drives less than 100 KW Six (6) pulse 
can be offered meeting all other requirements.  

 

5.03.00 The system shall be fully digital, PLC/Microprocessor based, energy efficient, and 
shall provide very high reliability, high power factor, low harmonic distortion and low 
vibration and wear and noise. It shall be easy to install in minimum time and 
expense and no special tools shall be required for routine maintenance. 

5.04.00 The offered equipment shall be with state of art technology and proven field track 
record. No prototype equipment shall be offered. 

5.05.00 The VFD manufacturer shall ensure the proper coordination of their VFD with the 
Driven Motor and the supply system. All the Motors which are to be driven by VFDs 
will be of Inverter duty type. Also these motors shall comply the requirements 
stipulated in IEC: 60034-18-41 and IEC: 60034-18-42 as applicable. The VFD 
operation shall have no inherent detrimental impact on the Motors/ cables & supply 
system.  

6.00.00 TECHNICAL AND OPERATIONAL REQUIREMENTS 

6.01.00 The system shall be designed to deliver the motor input current and torque for the 
complete speed torque characteristics of the driven equipment, with worst input 
supply voltage and frequency variation. The system shall be suitable for the load 
characteristics and the operational duty of the driven equipment.  

6.02.00 The overload capacity of the controller shall be 150% of the rated current of the 
motor for one minute for constant torque applications and 110% of rated current for 
one minute for variable torque applications at rated voltage. If the motor load 
exceeds the limit, the drive shall automatically reduce the frequency and voltage to 
the motor to guard against overload.  

6.03.00 The drive system shall be designed to operate in one or more of the following 
operating modes as to suit characteristics of the driven equipment or specified by 
the load: 

 a. Variable torque changing as a function of speed. 

 b. Constant torque over a specific speed range. 

 c. Constant power over a specific speed range. 
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 d. Any other as specified in data-sheet 

6.04.00 VFDs shall comply with the latest edition of IEEE 519 & IEC 61000 for both 
individual as well as total harmonic voltage and current distortion limits. The Voltage 
and Current limits shall be applicable at the Point of Common Coupling (PCC), 
which shall be the MCC/ Switchgear/ from which the VFD system is fed.  

6.05.00 The above compliance shall be verified by the field measurements of harmonics at 
the PCC with and without VFDs operation. 

6.06.00 VFD shall be capable of withstanding the thermal and dynamic stresses and the 
transient mechanical torque, resulting from short circuit. Any damage resulting from 
such a short circuit or internal fault shall be limited to the component concerned. 

6.07.00 The system shall be suitable to maintain speed variation within range 10-110% or  
as per the requirement of driven equipment with speed set accuracy of +1% of rated 
maximum speed and steady state regulation of +0.5% of rated speed as per system 
requirement. 

6.08.00 The VFD System shall maintain a power factor of 0.95 (minimum) (for LV VFD 
system) and 0.9 (minimum) (for MV VFD system) in the entire operating range. 

6.09.00 Maximum allowable audible noise from the VFD system will be 85 dB (A) at a 
distance of one meter under rated loaded with all cooling fan operating conditions. 

6.10.00 All the circuit components shall be suitably protected against over voltages, surges, 
lightning etc. 

6.11.00 The panels shall be designed to provide easy access to hardware, to facilitate   
                        replacement of cards in case of any failure.  
 
6.12.00 All the VFDs for particular application shall be of same design so as to ensure 100 % 

interchangeability of components. 
 
6.13.00 For each programmed warning and fault protection function, the VFD shall display a 

message in complete English words or Standard English abbreviations. At least 30 
time tagged fault messages shall be stored in the drive’s fault history. 

 
6.14.00 The VFD cubicles shall be placed in air conditioned environment. However if VFDs 

of less than 100 kW are designed to operate in non-air condition environment the 
same shall also be acceptable.   
 

6.15.00           The 3-Phase Thyristor/IGCT/SGCT/ multistage IGBT/IEGT based VFD system shall 
have minimum number of components to ensure very high reliability. The input side 
converter shall have 3-Phase Diode/Thyristor bridge configuration modular type and 
inverter shall be of 3-Phase Thyristor/IGCT/SGCT/multi stage IGBT/IEGT type, 
using Pulse Width Modulation or better technique for generating near sine wave 
output to motor. 

 
6.16.00 Fiber optic cable connection shall be provided preferably to ensure high network 

reliability. 
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7.00.00 VFD COMPATIBILITY WITH THE MOTOR 

7.01.00 MV VFD output current waveform, as measured at the motor, shall be inherently 
sinusoidal at nominal loads, with a total harmonic current and voltage distortion 
within acceptable/standard limits. VFD with transformers on output side are not 
acceptable. 

7.02.00 The system design shall not have any inherent output harmonic resonance in the 
operating speed range. 

7.03.00 VFD shall provide stable operation of motor from high-voltage dv/dt stress, 
regardless of cable length to motor. The vendor shall clearly state the limitations in 
the motor cable distance in his proposal. However, due to system requirements & 
constraints if the cable length becomes critical, filters/ chokes etc. shall be provided 
by the VFD manufacturers as an integral part of the VFD to mitigate the reflected 
wave effect of harmonics.  

8.00.00 BYPASS ARRANGEMENT (OPTIONAL, IF SPECIFIED)  
  
8.01.00 The VFD System shall have an optional feature to run the motor under bypass 

arrangement for operation of Motor with VFD bypassed. During starting (under rated 
conditions) the motor will be switched on in VFD Mode to limit the starting current 
and after gaining speed, the load would be switched over to bypass mode.  

8.02.00 Comprehensive motor protection scheme for protection and control for operation 
VFD during   bypass mode shall be finalized during detailed engineering. 

9.00.00 STANDBY VFD ARRANGEMENT (OPTIONAL, IF SPECIFIED)  
 
9.01.00 A Common standby arrangement with auto/manual switchover shall be provided in 

case of failure of any VFD in a group of drives. Complete protection, interlocks & 
control required shall be provided in the changeover module.  

10.00.00 EFFICIENCY 

10.01.00 Efficiency (Drive only) shall be minimum 98% for both MV VFD and LV VFD. Overall 
efficiency shall be minimum 96.5% for LV VFD and minimum 94 % for MV VFD at 
rated load and speed. Overall Efficiency evaluation shall include input transformer, 
harmonic filters and power factor correction (if applicable), VFD converters, cooling 
fans and output filter, as applicable in the system. Auxiliary controls, such as internal 
VFD control boards, cooling fans/pumps. 

10.02.00 In absence of valid test report, a factory test shall be performed at the VFD 
manufacturer’s facility verifying the efficiencies. Manufactures who are supplying 
Drive and transformer from different locations, efficiency test will be conducted 
separately for Drive and transformer. 

11.00.00 COOLING SYSTEM 

11.01.00 The VFD shall be designed to operate indoor under temperature range of 0 deg C to 
50 deg C and relative humidity of 95 %( at 40 deg C). 
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11.02.00 VFD manufacturer to primarily offer Air cooled Design. However in case of large 
ratings, liquid cooled drives may be accepted subject to employer’s approval. In 
case of liquid cooled system, there shall be no necessity of continuous water supply 
system (Closed Loop System). 

 
11.03.00 In case of Air cooled design, the VFD Cooling system shall be such that it puts 

minimum heat load inside the room and preferably throw the hot air outside the room 
with ventilation ducts. The Cooling system shall be designed in such a way that the 
Air Conditioning & Ventilation Air requirements are kept to minimum. The VFD 
Manufacturer shall furnish the data regarding heat load, air flow requirements during 
the detailed engineering.   

11.04.00 Air cooled VFDs shall be provided with cooling fans mounted integral to the VFD/ 
enclosure. The VFD shall include air-flow pressure switches and temperature 
detectors to monitor proper operation of the air cooling system. If the fan fails, the 
system must generate the alarm/trip for the fan failure. 

12.00.00 TRANSFORMER: 

12.01.00 Type: Outdoor Mineral oil filled ONAN type or Indoor natural air-cooled Dry type, 
Three phase unit, rectifier/converter duty type transformer. 

12.02.00 All other components, technical parameters shall be as per applicable IEC/IS. 

12.03.00 Enclosure for Dry Type Transformer (as applicable) 
 
Enclosure shall be of a tested quality sheet steel of minimum thickness 2 mm & shall 
also accommodate cable terminations. The housing door shall be interlocked such 
that it should be possible to open the door only when transformer is off. The 
enclosure shall be provided with lifting lugs and other hardware for floor mounting. 
 

12.04.00         Core  Shall be High grade non-ageing cold rolled grain 
oriented silicon steel                 
Laminations.  

 
12.05.00 Winding conductor Shall be electrolytic grade copper.  
  Windings shall be of class F insulation. 
 
12.06.00 Winding temperature Shall be Platinum resistance type temperature  
 Indicator (WTI) detector in each limb. 
 
12.07.00 Thermistors Shall be embedded in each limb with alarm and    trip 

contacts for remote annunciation. 
 
12.08.00 Temperature rise:                Winding temperature rise shall be as per applicable IEC. 
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13.00.00 POWER CONVERTER: 

13.01.00 The static power converter shall consist of a line side converter for operation as a 
rectifier and a load side power converter for operation as a fully controller inverter. 
Power converter shall be fast switching, most efficient and low loss type. 

13.02.00 The converter shall be coordinated with the transformers. The converter shall be 
able to withstand a three phase short circuit current until interrupted by normal 
breaker operation. 

13.03.00 Adequate short circuit and over voltage protection shall be provided for the converter 
and inverter system. 

13.04.00 All power converter devices shall include protective devices, snubber networks and 
dv/dt networks as required. 

13.05.00 The current rating of the converter’s semi-conductor components shall not be less 
than 120% of the nominal current flowing through the elements at full load of the 
VFD through the whole speed range. If the parallel connection of semiconductor is 
applied, the above current rating shall not be less than 140% of the above values. 

13.06.00 All power diodes shall be of silicon type with minimum VBO rating at 2.5 times the 
rated operating voltage. 

13.07.00 The power converter circuit shall be designed so that motor can be powered at its 
full nameplate rating continuously without exceeding its rated temperature rise nor 
reducing its service factor due to harmonic currents generated by the inverter 
operation. The conversion devices and associated heat sinks shall be assembled 
such that individual devices can be replaced without requiring the use of any special 
precautions / tools. 

13.08.00 The cooling system of the electronic components, if provided, shall be monitored 
and necessary alarms shall be provided to prevent any consequential damage to the 
power control devices. 

14.00.00 OUTPUT FILTER (AS APPLICABLE): 

14.01.00 Output/ dv/dt filter shall be provided, if required. It shall be an integral part of the 
VFD system and included within the VFD enclosure. It shall inherently protect motor 
from high voltage dv/dt stress. 

15.00.00 DC LINK CAPACITOR (AS APPLICABLE): 

15.01.00 Capacitor shall be of self-healing film or electrolytic type having high life time. The 
capacitor shall be an integral part of VFD system. DC link Capacitors shall have 
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discharge resistors which shall be capable of reducing the residual charges to zero 
just after the capacitor is disconnected from the supply source. The capacitor shall 
be suitable for high ripple currents. 

16.00.00 AC/DC Reactor (As applicable) 

1) Type:   Dry type, air cored, self cooled, indoor type. Suitable for withstanding 
earth fault continuously. 

   2) Insulation: Thermal Class 155(F), temperature rise is limited to    thermal class 
130 (B). 

  3)  Noise level shall not exceed value specified in NEMA TR-1. 

17.00.00 VFD PANEL REQUIREMENTS 

17.01.00 Enclosure frames and load bearing members shall be fabricated using suitable mild 
steel structural sections or pressed and shaped cold-rolled sheet steel of thickness 
2.0 mm. Frames shall be enclosed in cold-rolled sheet steel of thickness 1.6 mm. 
Doors and covers shall also be of cold rolled sheet steel of thickness 1.6 mm. 
Stiffeners shall be provided wherever necessary. The gland plate thickness shall be 
3.0 mm for hot / cold-rolled sheet steel and 4.0 mm for non-magnetic material. In 
case dry type transformer is provided inside VFD panels, the enclosure and in its 
frame thickness shall be same as indicated in this para. 

17.02.00 The cable entry shall be from the bottom of the panel and a removable bolted un-
drilled gland plate. 

17.03.00 All Panels shall be of dust-proof and vermin-proof construction and shall be provided 
with a degree of protection of IP: 3X or better for MV VFD and IP: 4X or better for LV 
VFD as per IS/IEC 60947 

17.04.00 Enclosures must be designed to avoid harmonic and inductive heating effects and to 
shield any outside equipment from interference, enclosing and shielding the 
complete to eliminate any radio frequency interference. The construction of the 
panel shall provide effective protection against electromagnetic emissions. 

17.05.00 Each panel shall be provided with illuminating lamp, space heater with switch fuse 
and variable setting thermostat. 

17.06.00        Proper ventilation using air filters and fans/pumps shall be provided in the  
                      panels to ensure that maximum temperature inside the cubicle is within  
                      permissible limits for reliable and continuous operation of the system.  

18.00.00 PAINTING 

 Paint shade shall be as follows 

a) VFD transformer 
reactor enclosure 

: RAL 5012 (Blue), legend in black letter 
 

b) Motors : RAL 5012 (Blue) 
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c) VFD Panels : Front and rear panels in Grey (RAL9002). End panel 
sides in blue (RAL 5012) 
 

19.00.00 HT SWITCHGEAR 

19.01.00 The technical requirements of HT switchgear shall be as per chapter of HT 
switchgear in Part-B of Technical specifications. 

20.00.00 MOTORS  

20.01.00 VFD shall be used to drive three (3) phase squirrel cage inverter duty Induction 
motor with VPI insulation (Resin poor) suitable for VFD application. These motors 
shall be provided with insulated bearing on at least one side. 

20.02.00 Motors shall also meet the requirements mentioned in subsection for motors, 
relevant portions of the specifications for driven equipment and relevant IS/IEC.   

20.03.00 Motor shall be suitable for operation with a solid state power supply consisting of an 
adjustable frequency inverter for speed control & shall be suitable for the current 
waveforms produced by the power supply including the harmonics generated by the 
drive. 

20.04.00 Motor insulation shall be designed to accept the applied voltage waveform, within the 
Vpeak and dv/dt limits as per IEC-61800. 

20.05.00 Drive manufacturer shall coordinate with the motor manufacturer for proper selection 
of the motor for the given load application and the output characteristics of the drive. 

20.06.00 Other requirements of motor shall be as stipulated in technical chapter of Motors and 
driven equipment in Part-B of technical specifications. 

21.00.00 LT & HT CABLES  
. 
21.01.00 Contractor’s scope shall also include LT and HT cables suitable for VFD system and 
 Motors. 

22.00.00 CONTROL AND PERFORMANCE REQUIREMENTS 

22.01.00 The VFD to provide an automatic current limiting feature to control motor currents 
during startup and provide a “soft start” torque profile for the motor load combination. 
Current and torque limit adjustments shall be provided to limit the maximum VFD 
output current and the maximum torque produced by the motor. 

22.02.00 It shall be possible to vary the speed of the drive and control it in either Local or 
Remote mode. Local / Remote selection shall be done from VFD panel unless 
otherwise specified. 
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22.03.00 Provision shall be kept for exchange of information between different VFD control 
system parameters thru PLC/DDCMIS. 

Man machine interface for (MV) VFD shall have one flat TFT monitor with keyboard 
(password protected) in the VFD room and a color laser printer for system alarm and 
monitoring located in control room.  
 
Parameter Monitoring:  -Input and output voltage of Drive 
                                     - Input and output current of Drive 
                                     - Motor speed 
                                     - Input and output power frequency of Drive 
                                     - Torque 

  -Input and Output power of Drive system (covering 
transformer if   applicable) 

                                     - Output kWhr of Drive 
                                     - Transformer (if applicable) temperature for alarm & trip.  
    -  Ambient temperature 

 -  Run/stop and local/remote status displayed 
22.04.00 Drive shall be equipped with a front mounted operator console panel consisting of a 

backlit alphanumeric display and a keypad with keys for parameterization and 
adjusting parameter. Control panel shall be operable with password for changing the 
protection setting, safety interlock etc. 

22.05.00 Operator console/Main Control Card shall have facility / port to connect external 
hardware such as Lap-Top etc. Console shall have facility for upload and download 
of all parameter settings from one drive to another drive for start up and operation. 

22.06.00 User-friendly licensed software for operation and fault diagnostic shall be loaded in 
the drive system panel before commissioning. 

23.00.00 PROTECTION FEATURES 

23.01.00 The system offered shall incorporate adequate protection features as per IEC 61800-
4: 2002 Table-8, properly coordinated for the drive control and for motor including 
following: 

i) Converter transformer: short circuit, over current, earth fault & winding temperature 
high protection. 

ii) Incoming and outgoing line surge protection. 

iii) Under / over voltage protection 

iv) Phase loss, phase reversal, overload, negative phase sequence, locked rotor 
protection. 

v)  Instantaneous Over current & Earth fault protection  

vi) Converter/Inverter module failure indication. 

vii) Over frequency/speed protection. 
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viii) Ventilation failure indication & alarm. 

ix) Over temperature of VFD  

x) Bearing temperature protection. 

xi) System earth fault protection. 

xii) Speed reference loss protection. 

23.02.00 Under VFD Bypass Mode (if applicable) all the electrical protections related to the 
Motor shall remain applicable. 

 

24.00.00 CONTROL FEATURES 

24.01.00 Following controls shall be provided as a part of the Operator Control Panel or 
through separate switches on the front panel door. 

i) Start / stop (in local/remote mode) 

ii) Speed control (Raise / lower) 

iii) Acknowledge/Accept/ Test Push Button for annunciation 

iv) Auto / Manual / Test Mode select 

v) Emergency stop 

vi) Trip-Remote Breaker 

25.00.00 DIAGNOSTIC FEATURES 

25.01.00 The VFD shall include a microprocessor/PLC based digital diagnostic system which 
monitors its own control functions and displays faults and operating conditions. 

25.02.00 Fault diagnostic shall be built into the system to supervise the operation and failure 
of the system. The information regarding failure of any of the system including shut 
down of the system shall be available. It shall be possible to retrieve the record of 
events prior to tripping of the system or de-energization. Auxiliary supply to the 
system components or to the electronics (firmware) for the diagnostics / display shall 
be taken care of by the manufacturer for this purpose. 

26.00.00 SERVICEABILITY / MAINTAINABILITY 

26.01.00 Power Component Accessibility: All power components in the converter sections 
shall be designed for rack-out accessibility for ease of maintenance and to minimize 
repair downtime. 
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26.02.00 Marking / Labeling: Sleeve type wire marker tags or other acceptable means of 
permanent identification shall be applied to power and control wiring. Individual 
labels shall be provided for all major components of the VFD system. 

27.00.00 STORAGE AND PRESERVATION 

27.01.00 The Contractor shall be responsible for the storage and preservation of all the 
equipments to be supplied under the VFD System, till the time of successful 
installation and commissioning. The equipment should be suitable for storage for 
long periods before installation. Contractor should take adequate measures to 
ensure that no damage happens to the VFD System due to storage and 
preservation.  

28.00.00 TESTS 

28.01.00 ROUTINE TESTS 

 All acceptance and routine tests as envisaged in QA section shall be carried out.  
Charges for these shall be deemed to be included in the equipment price. 

28.02.00 TYPE TESTS 

28.02.01 The Contractor shall carry out the type tests as listed in this specification on the 
equipment to be supplied under this contract. The bidder shall indicate the charges 
for each of these type tests separately in the relevant schedule and the same shall 
be considered for the evaluation of the bids. The type tests charges shall be paid 
only for the test(s) actually conducted successfully under this contract and upon 
certification by the employer’s engineer. 

28.02.02 The type tests shall be carried out in presence of the employer’s representative, for 
which minimum 15 days’ notice shall be given by the Contractor. The Contractor 
shall obtain the employer’s approval for the type test procedure before conducting 
the type test. The type test procedure shall clearly specify the test set–up, 
instruments to be used, procedure, acceptance norms, recording of different 
parameters, interval of recording, precautions to be taken etc. for the type test(s) to 
be carried out. 

28.02.03 In case the Contractor has conducted such specified type test(s) within last ten 
years as on the date of bid opening, he may submit during detailed engineering the 
type test reports to the Employer for waival of conductance of such  test(s). These 
reports should be for the tests conducted on the equipment similar to those 
proposed to be supplied under this contract and test(s) should have been either 
conducted at an independent laboratory or should have been witnessed by a client. 
The Employer reserves the right to waive conducting of any or all the specified type 
test(s) under this contract. In case type tests are waived, the type test charges shall 
not be payable to the Contractor. 

 28.02.04 Further the Contractor shall only submit the reports of the type tests as listed in 
"LIST OF TESTS FOR WHICH REPORTS HAVE TO BE SUBMITTED" and carried 
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out within last ten years from the date of bid opening. These reports should be for 
the test conducted on the equipment similar to those proposed to be supplied under 
this contract and the test(s) should have been either conducted at an independent 
laboratory or should have been witnessed by a client. However if the Contractor is 
not able to submit report of the type test(s) conducted within last ten years from the 
date of bid opening, or in the case of type test report(s) are not found to be meeting 
the specification requirements, the Contractor shall conduct all such tests under this 
contract at no additional cost to the Employer either at third party lab or in presence 
of client/Employers representative and submit the reports for approval. 

 28.03.00 LIST OF TYPE TESTS TO BE CONDUCTED 

 The following type tests shall be conducted under this contract for MV VFD 

i) Overall efficiency determination of VFD system including transformer/ Harmonic 
filters etc at motor full load 

ii) Temperature rise test 
iii) Noise level     
iv) Harmonics of No load current.(Input/Output)      
    

28.04.00 LIST OF TESTS FOR WHICH REPORTS HAVE TO BE SUBMITTED 

  The following type test reports shall be submitted for VFD Panels’ 

1) VFD panels (For LV VFD)  

i. Rated Current/ Output  

ii. Temperature rise test 

iii. Noise level test 

iv. Power Loss Determination Test 

v. Power factor measurement. 

vi. Degree of Protection Test 

vii. EMC Test  

viii. The Fast transient SWC tests as per ANSI / IEEE C37.901-2002 / IEC    
60255-22-04-2008 / IEC 61800  

2) VFD panels (For MV VFD) 

i. Rated Current/ Output 
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ii. Current Sharing 

iii. Voltage Division 

iv. Power Loss Determination Test 

v. Power factor measurement. 

vi. Degree of Protection Test 

vii. The Fast transient SWC tests as per ANSI / IEEE C37.901-2002 / IEC    
60255-22-04-2008 / IEC 61800  

3) AC/DC Reactor  

i. Lightning impulse test(If applicable) 

ii. Heat run test 

iii. Short time current test(If applicable) 

iv. Noise level test 

4) Transformers (In case of non integrated type) 

i. As per requirements mentioned in subsection for Transformer chapter in 
technical specifications. 
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1.00.00 CONTROL DESK & PANELS  

1.01.00 GENERAL 

1.01.01 All control desk, panels, LVS panel etc. shall be furnished fully wired with necessary 
provision for convenience outlets, internal lighting, grounding, ventilation, space heating, anti-
vibration pads, internal piping & accessories as required for completeness of the system. 

1.01.02 All panels, desks, cabinets shall be free standing type & have bottom / top entry for cables to 
be finalised application wise during detailed engineering stage. The bottom of desk & 
cabinets shall be sealed with bottom plate, compression cable glands (double for field and 
single for inside rooms) and fire proof sealing material to prevent ingress of dust and 
propagation of fire. Sufficient number of power receptacles with disconnect switches shall be 
installed within all panels/desk. 

1.01.03  Exterior steel surface shall be sand blasted, ground smooth, filled, primed, sanded and 
smooth enamel painted to give a good finish subject to minimum paint thickness of 65-75 
microns for sheet thickness of 3 mm and 50 microns for sheet thickness of 2mm.  The exact 
color shall be finalised during detailed engineering. 

1.01.04 The design shall conform to the EN ISO 11064 (Ergonomical design of control room), Part-
1,2 and 3. 

2.00.00 CONTROL DESK & PANEL 

2.01.00 GENERAL 

2.01.01 The exact dimensions, material, construction details, grounding, general arrangement etc. of 
Control Desk etc. shall be as per the actual requirement and shall be finalised during detailed 
engineering and subjected to Employer’s Approval.  

2.01.02 For control desk mounted instruments/ devices etc., which are to be powered from UPS, all 
required conversion of interface equipments / accessories to make such devices compatible 
with UPS supply shall be provided. All necessary hardware like Input switches/ fuse unit for 
each feeder as well as switch fuse unit for each instrument/ device on the power supply line 
shall be provided. From UPS, redundant feeders shall be provided with suitably rated MCB 
and provision of fast auto changeover of UPS feeders.  

2.02.00 Control Desk (CD) 

2.02.01 Control desk shall be Modular, non-welded construction free standing table top type with 
front & back cover constructed of 1.6 mm thick CRCA steel plates. The tabletop of the control 
desk shall be arc-shaped for mounting TFT monitors & mice. The work surface of control 
desk shall be 30mm thick with the top 12mm of Acrylic Solid Surface (ASS) and the 
remaining 18mm of laminated medium density fiber board. Work surface shall be made of 
two different colors at same level and seamlessly joined in each section. The structure frame 
shall consist of extruded aluminum top and bottom horizontal beams and vertical support 
tensioned together to form an integrated, finished curvilinear shaped frame. Vertical & 
Horizontal supports, minimum 2.5mm and 2mm thick respectively, have to be provided for 
the structure frame. Extreme side legs shall be illuminated type and should complete the 
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overall form and aesthetics of the desk. It shall have concealed cable & wire way 
management system. Telephone sets shall be mounted on the control desk. Sliding keyboard 
trays shall be provided on the CD. The exact profile of the desk, dimension and the radius of 
curvature shall be finalised during detailed engineering stage. 

2.02.02  All operator monitors & mice shall be mounted on this CD. 

2.02.03 The cabling / wiring between OWS & CPU’s, power supply cables etc. shall be aesthetically 
routed and concealed from view. 

2.03.00  Internal Panel/Desk Items 

Equipment and devices mounted within the panels/desk shall be mounted on suitable 
racks/brackets and shall be arranged for convenient access for adjustment and maintenance 
work.  

2.04.00 Furniture 

Bidder shall provide following industrial grade furniture items as a minimum from reputed 
manufacturers/suppliers meeting International Standards. The furniture shall be modular and 
latest with ease of operational features. The furniture shall be modern, aesthetically 
designed, modular, flexible, space saving and future safe. Each module shall have 
transparent cover and adjustable partition. It shall have locking provision for security. The 
components shall be suitable for integration/fabrication without any welding technology. 

 
1.  Work Station furniture 

 Modular work station furniture, suitable for mounting servers & historians, 
programmer stations, PC based systems, printers (inkjet or A4 laser) etc. is to be 
provided.. 

2.  Server Rack 

 Server rack shall be provided to mount programmer stations, PC based 
systems (of rack type and tower type), Matrix KVM switcher, Mini UPS etc. 
Suitable arrangement for Ventillation and cooling shall be built in. 

3.  PC rack 

 PC rack shall be provided to mount CPUs of work stations/PCs of OWS/LVS etc in 
Control Room.  

4.  Chairs 

 
Industry standard revolving chairs with wheels and with provision for adjustment of 
height (hydraulically/gas lift) shall be provided for the operators & other personnel 
in control room area. These shall be designed for sitting for long duration such that 
these are comfortable for the back.  

5.  Tables 
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  1.0 SCOPE 
This specification covers the Design, Manufacture, Inspection and Testing at the manufacturer’s works, 
proper packing for transportation and delivery to site, supervision, erection, and commissioning at site 
of Local Panels required for control and monitoring of the Auxiliary Plant & Equipment. 

2.0 CODES AND STANDARDS 
2.1 All the equipments specified herein shall comply with the requirements of the latest issue of the relevant 

National and International standards. 
 

2.2 As a minimum requirement, the following standards shall be complied with: 
a) IS-6005 : 1998 : Code of practice for phosphating of iron and steel. 
b) IS-5 : 2007 : Colors for ready mixed paints and enamels. 
c) IS-1248:2003 : Direct Acting Indicating Analog Elec Measuring Instruments. 
d) IS/IEC 60947:Part 1:2004 : Low Voltage switchgear & control gear: Part-I (General Rules) 
e) IS-8828:1996 : Circuit breaker for household and similar installations. 
f) IS-13947 (Part-I):1993 : Low Voltage switchgear & control gear : Part-I (General Rules) 
g) ISA-18.1:1979                  :   Annunciator Sequences and Specification  
h) NFPA-496:2003 : Purged & Pressurised Enclosure for Electrical Equipment in 

Hazardous Locations. 
       

3.0 TECHNICAL REQUIREMENTS 
3.1 Panel Construction 
3.1.1 The local panels shall house the secondary instruments, annunciation system, Single loop controller, 

Control switches / push buttons, indicating lamps/LED cluster, relays, timers and other devices required 
for operation and monitoring of the equipment locally.   

 

3.1.2 The panels shall be of free standing type either welded construction on angle iron (minimum section of 
50 x 50 x 4 mm) structure or folded construction by sheet metal formation depending upon the 
equipments to be mounted on it.  The panels shall be robustly built and stiffeners as necessary shall be 
provided. 

 

3.1.3 The panel shall be suitably reinforced to ensure adequate support for all instruments mounted thereon.  
All welds on exposed panel surfaces shall be ground smooth.  

 

 3.1.4 The salient features of construction shall be:  
 

                          Sheet material: Cold rolled sheet steel  
Frame thickness: Not less than 3.0mm 
Enclosure thickness:  Not less than 2.5 mm for load bearing sections (Mounted with instruments) 
                                         1.6 mm for doors and Not less than 2.0 mm for others 
Panel Height: Not less than 2365 mm (Refer data sheet-A (No. PES-145A-DS1-0)  
Gland plate thickness: 3.0mm 
Base channel: ISMC 100 with anti-vibration mounting & foundation bolts. 

 
3.1.5 The panel shall be provided with rear doors with integral lockable handle.  The door when locked shall 

be held at minimum three places. The door width shall not be more than 550mm.The doors shall be 
provided with suitable stiffeners to prevent buckling.  The handle shall be on the right side of the door. 
The door shall be removable type with concealed hinges to facilitate maintenance work.  Suitable 
pocket inside the door shall be provided for keeping the drawings / documents. Double door shall be 
provided with suitable glass windows, as per the requirement. 

 
[[[[[[[[[[[[[[[[[[[[[[[[[[[ 
3.1.6 Suitable neoprene gasket shall be provided on all doors and removable covers.  Suitable ventilation 

system along with louvers shall be provided at bottom and top of the doors covered with removable wire 
mesh.
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3.1.7 The class of protection shall be in accordance with IP-42 unless otherwise specified in the data sheet – 
A (No. PES-145-54A-DS1-0). 

 

3.1.8 All steel surfaces shall be cleaned by sand / pellet blasting, treated for pickling, degreasing and 
phosphating etc. by seven tank method.  The panel shall have a high quality finish and appearance.  
The panel shall be painted with two coats of primer followed by two coats of epoxy / synthetic enamel 
based final paint of color shade and finish as given in data sheet-A (No. PES-145A-DS1-0).   Minimum 
thickness of the paint shall be 85 microns for external paint and 70 microns for internal paint. 

 

3.1.9 The cable glands of the required size and type as given in data sheet-A (No. PES-145A-DS1-0) shall be 
supplied alongwith the Panel. 

 

3.1.10 All operable and indicating devices shall be mounted on the front of the panel while aux. Relays / timers 
MCBs etc. required for realization of control logics shall be mounted on a mounting plate inside the 
panel.  Auxiliary relays and timers etc. shall be grouped according to the control function. 

 

 No operable or indicating devices shall be mounted below 750 mm and above 1800 mm (w.r.t. finished 
ground level).  The devices shall be located in such a way so as to ensure easy access for operation / 
maintenance. 

 

3.1.11 Single / dual control power supply feeders of voltage class as specified in data sheet-A (No. PES-145A-
DS1-0) shall be provided by the purchaser. In case redundant power supply feeders are provided then 
auto changeover unit shall be mounted on the panel are in the panel supplier’s scope.  Where DC 
control power supply is specified an additional 240V, 50 Hz AC supply feeder for powering of space 
heater and lighting shall be provided by the purchaser.  Suitable arrangement shall be provided inside 
the panel to receive and terminate the power supply feeder(s).  For this purpose MCBs of suitable 
current rating shall be provided by the vendor.  A supervisory relay along with a pilot lamp to indicate 
control supply ‘ON’ shall be provided on the panel.  Any other power supply required for the operation 
of the devices mounted in the panel shall be arranged by the vendor. 

 

3.1.12 The internal wiring shall be carried out with 1100 volt grade PVC insulated copper multi strand wire / 
flexible of 1.5mm2 size. AC & DC wires shall be kept separate from each other.  Separate coloured 
wires to be used for AC and DC circuits.  All wires shall be properly numbered and identified with 
ferrules as per the Control scheme / wiring diagram.  Wires shall be routed and run through PVC 
troughs. 

 

3.1.13 Terminal blocks shall be clip on type, 1100 volts grade.  Separate terminal blocks shall be used for AC 
& DC circuits.  The terminals shall be suitable for terminating 0.5 mm2 to 2.5mm2 external cables. The 
TB points in terminal block shall be cage clamp type / screw type.    The terminal for ammeters shall be 
provided with removable links for shorting CTs.  Each terminal strip shall be provided with identification 
strip.  The terminal shall not be mounted below 250 mm height from finished floor.  The panel shall 
have ten (20) percent spare terminal. 

 

3.1.14 The interior of each panel shall be suitably illuminated through fluorescent lamps / tube lights with                   
             shrouded cover of minimum 15W operable on 240V 50 Hz AC power supply through panel door switch.  
             A 15 Amp. 3-pin Power receptacle shall be provided.   
 

3.1.15 Suitable space heaters operable on 240 Volts 50 Hz AC power system shall be provided at the panel 
bottom.  These shall be designed to maintain the panel temperature five (5) deg. C above the ambient 
temperature during maintenance shutdown.  Suitable isolating and control devices comprising of MCB, 
thermostat etc. shall be provided for the space heater. 

 

3.1.16 The panel shall be provided with a copper earth bus of 25 x 6 mm size running throughout the width of 
the panel.  It shall be terminated internally with 10 mm bolts at extreme ends for connection to; main 
station earth.  The panel mounted equipments / devices shall be connected to earth bus through green 
coloured PVC insulated stranded copper conductor of 2.5 mm2 size. 

 

3.1.17 Local Panel shall be provided with main name plate of 150 mm x 40 mm size having inscription of 20 
mm height.  The individual devices on the panels shall be as provided with separate name plate with 
inscription of 3 mm height.  The instrument / devices shall be provided with stick on label plates inside 
the panel.  The material of the main and individual labels shall be three (3) ply 3 mm thick Traffolyte 
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Sheet / 2 mm Anodised Aluminium Plate.  The inscription shall be with white letters on black 
background on traffolyte sheet.  The labels shall be fixed by self tapping non-rusting screws. 

 
3.1.18  Vendor  shall furnish electric load and heat load list ( in case panel is to be placed in  ac environment ) 

of each panel. 
 
3.2 Hazardous Area Panel Requirement 

3.2.1 The Local Panel located in hazardous area shall be pressurized as per NFPA-496 requirements to 
render it non-hazardous.  Alarms shall be provided for local and remote annunciation when 
pressurisation falls below 2.5 mm of water column.  Protection shall be of type Z of NFPA-496.  It shall 
not be possible to switch ON the power of purged section unless it is purged as per the 
recommendation of NFPA-496.  Vendor must provide a protective device on the panel to protect the 
panel from over pressurisation. 

 

3.2.2 Vendor shall supply pressurisation kit consisting of valves, restriction orifices, dual filter regulation, 
pressure gauges, pressure switches, rotameter etc.  Pressurisation kit shall be surface mounting on a 
metal board and located outside the local panel.  Pressurisation kit shall further consist of solenoid 
valve flow switch, timer blow off safety device etc., so as to make purging fully automatic.  However 
final start shall be manual.  Panel protection against over pressure to be provided as per NFPA-496. 

3.2.3 Pressurised local control panel pressurization kit assembly design shall provide minimum leakage flow 
through the Local Control Panel.  Panel venting shall be as per NFPA-496. 

 

3.2.4 All components in the local panel like indicating instruments, push buttons switches, lamps etc., which 
are required to be energized without panel pressurization or before completion of purge cycle shall be 
explosion proof as per NEMA-7 & suitable for area classification. 

 

3.2.5 All push buttons etc. requiring frequent operation during machine running shall have good positive 
sealing.  Weatherproof housing or cover to be provided wherever necessary.  Vendor shall provide 
pressurisation bypass switch outside explosion proof enclosure of pressurized panel with lamp 
indication.  This shall be used only during maintenance.  All hinges, screws, other non-painted metallic 
parts shall be of stainless steel material. 

 

3.2.6 Provision to switch off manually all types of power shall be provided in the panel.  In addition, it shall 
also be possible to switch off power circuits / components which are powered from motor control centre 
or control room manually in case of pressurization failure.  All such cables from MCC and main control 
room shall be terminated in explosion proof boxes (NEMA-7). 

3.3 Control & Monitoring devices 

3.3.1 Instruments like Indicators, recorders, single loop controllers etc. as applicable and specified elsewhere 
for the plant / equipment shall be supplied and mounted on the panel. 

3.3.2 Alarm Annunciator System 
 

 It shall be solid state discrete facia type having a sequence of ISA-S18.1A or as specified, opaque facia 
windows of 70 mm x 50 mm size, having two (2) lamps per window, and hooter of 10W, and provision 
for repeat group alarm at remote.  The annunciator shall be provided with ten (10) percent spare 
windows or minimum two (2) windows along with electronics. 

 

3.3.3 Relays 
 

 The relays shall be electromagnetic type suitable for specified control supply.  Its contact configuration 
and rating shall be suitable for the specified control function.  However minimum contact rating shall be 
5 Amp AC & 2 Amp DC as applicable.  There shall be ten (10) percent spare contacts. 

3.3.4 Timers 
 

 The timers shall be electronic type suitable for specified control supply.  Its contact configuration and 
rating shall be suitable for the specified control function.  However, minimum contact rating shall be 5 
Amp AC & 2 Amp DC as applicable. 
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3.3.5 Control / Selector Switches 
 

 Switches shall be Rotary Cam type with minimum of 5 Amps AC & 2 Amp DC continuous current rating.  
Selector switches shall be stay put type while control switches shall be spring-return-to-neutral type.  
Contact configuration and rating shall be as per the control function requirement.  The switches shall be 
lockable type wherever specified.  Each switch shall be provided with engraved plates indicating the 
switch position / functions. 

3.3.6 Push Buttons / Indicating Lights 
 

 The push buttons shall be momentary action self-resetting type, however stop P.B.  for unidirectional 
drives shall be provided with manual reset facility.  Its contact configuration & rating shall be as required 
for the control function but minimum 2 NO + 2 NC of 5 Amp. AC rating.  It shall have round coloured 
projecting tab and engraved escutcheon plate / inscription plate.  Colour coding of push buttons shall be 
as under: 

 

 RED        Motor OFF / Valve CLOSE YELLOW Alarm acknowledge     Left Hand Side  
 GREEN   Motor ON / Valve OPEN              BLACK  Lamp test                   Right Hand Side 
 

 Indicating lights shall be suitable for direct connections across specified power supplies.  It shall be 
fitted with built in resistance to prevent circuit tripping on shorting of lamp filament.  It shall be fitted with 
LED cluster type lamp replaceable from front. 

 

 GREEN   Motor OFF / Valve CLOSED condition AMBER   Motor tripped              Left Hand Side 
 RED        Motor ON / Valve OPEN condition WHITE  Normal / healthy          Right Hand Side 
 

3.3.7 Ammeters 
 

 Ammeter shall be 96 x 96 mm size, 90 deg. deflection, 1.5% accuracy, 1 Amp. CT operated or with      
4-20mA input and Flush mounting type as called for in the data sheet-A (No. PES-145-54A-DS1-0).   
Ammeters for motors shall have six (6) times folded scale at upper end to enable motor starting current 
indication 

3.3.8 Miniature Circuit Breaker (MCB) 
 

 These shall be instantaneous magnetic trip type for short circuit in addition to current time inverse 
delayed thermal trip feature for over current protection.  The housing of MCB shall be made of non-
ignitable, high impact material.  It shall have minimum short circuit rating of 9 KA for AC Voltages and 4 
KA for DC Voltages. 

3.3.9 Makes of various instruments / devices shall be as given below 
 
 1. Alarm Annunciators : Procon / IIC 
 2. Ammeters : AEP / IMP 
 3. Control / Selector Switches : Alsthom / Kaycee / Siemens / L&T 
 4. Push Buttons / Indicating Lamps : Siemens / L&T / Teknic / Alsthom 
 5. Auxiliary Relays : Jyoti / Siemens / L&T / OEN 
 6. Timers : L&T / Alsthom / Bhartiya Cutler Hammer 
 7. MCBs : S&S Power Engg. / Indo Asian / MDS 
 8. Terminal Blocks : Jyoti / Elmex 

4.0 TESTING AND INSPECTION 

4.1 The  bidder  shall  adopt  suitable  quality  assurance  program  to  ensure  that  the equipments 
offered will meet the specification requirements in full. 

 
 

4.2 BHEL’s standard Quality Plan for LCP is enclosed with the specification. The bidder shall furnish 
his acceptance to BHEL’s QP and submit the signed and stamped copy of QP along with the offer. 
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4.3 The vendor shall conduct the following tests as a minimum requirement: 
 
4.3.1 Routine Tests 
 

1. High Voltage (H.V.) 
2. Insulation Resistance (I.R.)  
3. Functional  

 

4.3.2 Type Tests 
 

 1. Enclosure Class Test 
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5.0 SPARES AND CONSUMABLES 

5.1 Commissioning Spares and consumables 
 

The bidder shall supply all commissioning spares and consumables ‘as  required’ during Start-up, as 
part of the main equipment supply. 

 
5.2. Mandatory Spares 
 

The bidder shall offer alongwith main offer, the Mandatory Spares as specified elsewhere in the 
specification. The Mandatory Spares offered shall be of the same make and type as the main 
equipment. 

 
5.3. Recommended Spares 
 

The  bidder  shall  furnish  a  list  of  Recommended  Spares  indicating  the  normal service 
expectancy period and frequency of replacement; quantities recommended for 3 years operation 
alongwith unit rate against each item to enable BHEL/BHEL’s Customer to place a separate order 
later, if required. 

6.0 DRAWINGS AND DOCUMENTS 

6.1 The bidder shall furnish the following documents in required number of copies along with the bid : 
 

1. Data Sheet no. PES-145A-DS1-0 
2. General Arrangement Drawing. 
3. Catalogue and technical information for instruments and devices. 
4. Quality Plan. 

 
6.2 The vendor shall furnish the following documents in required number as agreed after the award of 

contract: 
1. Data Shee No. PES-145A-DS2-0 
2. GA Drawing indicating layout of instruments, construction details, foundation details, cable gland 

plate alongwith cable glands and all details mentioned in this specification. 
3. Control Schematic Diagram along with grouping of different terminals for various functions. 
4. Catalogue and technical information for instruments and devices with selected options clearly 

marked. 
5. O&M Manuals. 
6. “As Built” Drawing. 
7. CDs. 

7.0 MARKING AND PACKING 

7.1 Panel with all instruments / devices mounted on it  shall be suitably packed & protected for the entire 
period of despatch, storage and erection against impact, abrasion, corrossion, incidental damage due 
to vermin, sunlight, high temperature, rain moisture, humidity, dust, sea-water spray (where applicable) 
as well as rough handling and delays in Transit and storage in open. 

8.0 APPLICABLE DATA SHEET FORMS 
 This document shall be read with one or more of the following data sheet forms : 
 

 -  Data sheet A&B for Local Panels  : Data sheet no. PES-145A-DS1-0 
 -  Data sheet C for Local Panels   : Data sheet no. PES-145A-DS2-0 
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1

1.1

1.2

1.3

1.4

2.  

a
b
c

d

e

3.  

3.1  'OP’ - Open Type 

3.2
3.2.1

3.2.2

3.3

3.4
3.4.1

3.4.2

3.5

TYPES OF PACKING: 

OP' - Open Type. 
PP' - Partially Packed. 

The following 5 types of packing have been standardized for packing of General Components/ Assemblies. 

The Components/Assemblies need to be packed suitably to avoid physical damage & corrosion during transit & storage. This 
packing shall be suitable for different handling operations and for the adverse conditions during transportation and during indoor / 
outdoor storage of materials.

All the equipment 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. The Contractor shall be responsible for all loss or damage during 
transportation, handling and storage due to improper packing. 
The identification marking indicating the name and address of the consignee shall be clearly marked in indelible ink on two 
opposite sides and top of each of the packages. In addition the Contractor shall include in the marking gross and net weight, 
outer dimension and cubic measurement. 
Each package shall be accompanied by a packing note quoting specifically the name of the Contractor, the number and date of 
contract and names of the office placing the contract, nomenclature of contents and Bill of Material. 

CP' – Crate/Box Packing - Components/Equipment requiring physical protection. 
‘CQ' - Case Packing – Machined components-Small & Medium Components/ Assemblies/ Equipment which require corrosion & 
physical protection. 
‘CR’ - Case Packing – Electrical/Electronic Components/ Assemblies, which require special packing viz. Water Proof, Shock 
Proof etc… 

DESCRIPTION OF TYPES OF PACKING: 

In case, of components which are not affected by water & dust and do not require special protection, are generally not machined, 
shall be sent as open packages. However, these components may be sent in crates, wherever necessary. 

CR’ - Case Packing - Electrical & Electronic Components/Assemblies 

Assemblies/Components which need only physical protection from the point of view of handling shall be despatched duly packed 
in crates. 

 'CP’ - Crate Packing  

‘CQ’ - Case Packing - Machined Components/Assemblies/Equipment 
Small and medium sized components/assemblies/equipment due to size/weight and to avoid handling and pilferage problems 
shall be packed in Case/Containers. Wherever required adequate quantity of silica gel or VCI Powder/Tablets, packed in thin 
muslin cloth cotton bags shall be suitably placed. Small machines/components of less weight shall be provided with suitable 
cushioning by Rubberised coir. The components inside the case shall be entirely covered with100GSM(Colourless) Multi Layered 
Cross Laminated Polyethylene Film, wherever required. This may be prescribed for electronic parts/critical machined 
components/surfaces. 
For mechanical product like valves where motors are separately securely wrapped in polyethylene, the requirement of individual 
component wrapping shall be exempted. 

Delicate components likely to be damaged e.g. Gauges, Instruments etc. are to be wrapped in waxed paper or polyethylene air 
bubble film and packed in cartons. Adequate quantity of Silica gel packed in cotton bags of 100grams each are to be suitably 
placed in the cartons. The cartons shall be entirely covered with 100GSM(Colourless) Multi Layered Cross Laminated 
Polyethylene Film before being packed in the cases. VCI Powder/Tablets can be used as an alternative to Silica Gel. 

The various types of packing, as standardized above, are described below. 

PP’ - Partially Packed 
Components which need special protection at selected portions only shall be despatched partially packed. Machined surfaces 
should not be allowed to come directly in contact with the wood. Such surfaces should be protected with 100GSM(Colourless) 
Multi Layered Cross Laminated Polyethylene 
Film. All sharp corners and edges shall be protected by rubber mats to prevent damage to the polyethylene film. 

GENERAL: 
COMMON GUIDELINES FOR PACKING

PACKING REQUIREMENT 

PE-TS-444/466/468-(571-013)-
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4
4.1
a)

b)
c)
d)
e)
f)
g)

h)
i)

4.2

4.3

4.4

4.5

5
5.1

5.2

5.3

6
6.1

6.2

6.3

6.4

6.5
6.6
6.7
6.8

6.9

PREPARATION OF PACKING CASES 
DIMENSIONS: 
Thickness of planks for Front, rear, top and bottom sides and binding, jointing battens shall be 25/20mm +2/-3 mm as per 
applicable drawings of the respective units/manufacturers. 
Width of all planks including the tongue shall be more than 125mm and after plaining it shall be minimum 100mm. 

Distance of the outer edges of these planks from the edge of case shall be less than 250mm. 
Diagonal planks are not required for top planks and width side, if the width of pallet is less than 750mm. 

HOOP IRON STRIPS 
These are used for strapping the boxes. The width of the strips shall be 19+1mm and thickness 0.6+0.01mm. The material shall 
be free from rust. If sufficient nailing is done for bigger boxes, strapping need not be done. 

Minimum number of planks shall be used for a shook. 
Horizontal, vertical, diagonal planks shall be given for binding (number of such planks depend on the dimension of panel. 
Width of binding planks shall be minimum 100mm. 
Distance between any 2 binding planks shall be less than 750mm.  
diagonal planks shall be used in between vertical binding planks when distance between inner to inner of vertical planks is more 
than 750mm 

BRACKETS 
These brackets are used for nailing to the corners of cubicle boxes. The brackets shall be of mild steel of thickness min 2mm and 
width 25+1mm. The brackets shall be of “L" shape, the length of each side being 100+2mm. Two holes shall be provided towards 
the end of each side for screwing /nailing. 

MULTI LAYERED CROSS LAMINATED POLYTHELENE FILM 
100GSM (Colourless) Multi Layered Cross Laminated Polythelene Film are used to make covers to the jobs individually. The 
cross lamination gives qualities of extra toughness, together with flexibility and lightness coupled with good weather resistance to 
ultra violet rays. 

RUBBERISED COIR: 
The rubberized coir is used as cushioning material. For the packing of loose items, items are to be arrested by using rubberized 
coir. For the packing of cubicles rubberized coir of thickness 25mm and width 75mm shall be used. 

MULTI LAYER CROSS LAMINATED POLY FILM WHILE PACKING OF CUBICLES/CASING
The inner surface of 4 sides of shook's shall be nailed with Multi-layer cross laminated poly film (as per 4.4) using blue nails 
wherever 2 pieces of Cross laminated poly film are used, the joint shall have an overlap of minimum 20mm. 
The inner surface of top cover shall be nailed with Multi-layer cross laminated poly film. This sheet shall project outside on 4 sides 
by at least 100mm and shall be nailed properly on sides. Joining of sheets should have overlap of minimum 20mm. 
The cubicles shall be covered with Multi-layer cross laminated poly film. 

Inner surfaces of all 6 sides shall be lined with Multi Layered Cross Laminated Polythelene Film (as per clause 5.4) using blue 
nails. 
Rubberized coir of minimum 25mm thickness and 100 mm width shall be nailed to inner surfaces of bottom and 4 sides of box. 

Internal packing: Items that go into the box shall be packed using 100GSM, (Colourless) Multi Layered Cross Laminated 
Polyethylene Film. Any space left between the job and the sides and the top of the box shall be filled with rubberized coir to get 
proper cushioning effect. 
Certain items like transformers, reactors, breakers, etc., shall be bolted to the bottom of the box using bolts, nuts and washers. 

Silica gel held in cotton bags shall be kept at proper places in the box. 
Packing slip kept in polyethylene bag shall be placed in the box. 
Two numbers of hoop iron strips shall be strapped tightly on the case using clips. 
Stencil marking of various details and marking of various symbols shall be done as per BHEL instructions using indelible/non-
washable marking ink. 
Loose items to be kept inside the cubicle/casing 

- Other items which are given loose in addition to cubicle shall be packed in separate boxes. 

PACKING OF LOOSE ITEMS/SPARES 
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8

9
9.1
9.2
9.3

9.4
9.5
9.6

  

TYPICAL PATTERN OF WOODEN BOX 

SEALED PACKING:  
Components sub-assemblies and assemblies sensitive to climatic conditions shall be packed seal tight. All the openings of the 
sensitive components, sub-assemblies and assemblies shall be blanketed to prevent the ingress of dust and moisture. The 
components sub-assemblies and assemblies are completely covered with 2 layers of polyethylene sheet. All sharp corners and 

f f f f

"HANDLE WITH CARE", "FRAGILE DO NOT TURN OVER". 
MARKINGS/STENCILINGS 

Besides the caution signs the product information’s shall be stencilled of letters with 13mm to 50mm height. 
In case of consignment consists of more than one package, each package shall carry its package no as given in shipping list. All 
caution signs shall be stencilled in high quality full glossy out door finishing paint red in colour (AA56126). All other markings shall 
be carried out in black enamel.
Caution signs & other markings shall be stencilled on both the end shooks & the side shooks. 
Caution sign (for slinging) shall be stencilled only on side shooks at the appropriate place. 
In case the size of package is small for using the stencils, then hand written letters/figures shall be allowed. 
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10

S. No. DESCRIPTION CASE CRATE BUNDLE BARE DRUM 
1 CHILLER/ CONDENSING UNIT O 
2 PUMPS O 
3 DUCTING O 
4 AHU O 
5 SUPPORTING STRUCTURALS    O 
6 FANS O 
7 GASKETS O O    
8 FLANGES O O    
9 MOTORS, TRANSMFORMERS, VVVFD, LIMIT 

SWITCHES, ELECTRIC HOIST ASSEMBLY, RELAYS, 
FUSES, LIGHTING FIXTURES, PENDANT, 
ISOLATING SWITCH, RRC, TRANSMITTERS AND 
OTHER ELECTRICAL ACCESORIES

O     

10 CABLE TRAYS, CABLE RACKS, EARTHING 
MATERIAL, 

 O    

11 OPERATIONAL SPARES , MAINTENANCE TOOLS 
AND TACKLES

O 

12 ALL OTHER LOOSE ITEMS O

Protective coating applied on machined surfaces should not be disturbed. The plastic covering should be put back carefully so 
that it prevents ingress of dust and moisture. Some packing may have vapour phase inhibitor (VPI) paper enclosed inside the 
packing cases. This should be restored to its original place as far as possible. 

Note

STANDARD METHOD OF PACKING 

Table 1 - Standard Method of Packing 
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PRE-BID CLARIFICATION SCHEDULE 
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UNIT

Sr. No. Description Details 
General Description
1 Item UAF
2 Manufacturer AVPL

3 Model No. UAF-120 

4 Location FGD Control Building

5 Type Single bank spray nozzles with eliminators, louvers, 
distribution plate, Water repellent filters etc. 

6 Air flow Capacity 120000 CMH
7 Fan Static pressure 65 mm WG

8 Quantity Offered No .
9 Location FGD Control Building 
10 Overall Dimension As per enclosed UAF GA drawing 

11 Saturation Efficiency of 
UAF 70 % (min.)

12 Make up water 
requirement 2 CMH (max.)

Item Description

1 Water repellent filter Nylon type

2 No. of  filter 610x610x50 mm -40 Nos.

3 Water Eliminator 2 mm thk. PVC, 6 bend

4 No. of Nozzles 224 Nos.

5 Size of Nozzles 3/8"

6 Pressure drop through 
Nozzle 1.4  to 2.4 kg/cm2

7 Capacity of each Nozzle 6 LPM
8 Cat walk/ ladder Yes

9 Sump strainer Yes

10 Inspection Window Yes

11 Marine Light Yes

Material of Construction

1 Air Distribution Plate Fabricated from 18G GI sheet & Galvanized Angle 
Support with minimum 50% free Area

2 Air Suction Screen GI

3 UAF Casing/ Enclosure
Double Skin construction 22G GI outer Panel, 20G GI 
inner panel with 25mm PU foam Insulation Min. Density 
38kg/M3

4 Water tank MS Plate, 6 mm thk. Min. depth shall be 600mm

5 Capacity of Tank 6.08 m³

Customer NTPC Job No. M22/DEL-01 .BHEL

Project 

BHEL Doc. No. PE-V0-466-(571-13000-A)-A203 NTPC Doc 
No 2100-109-PVM-Y-002A

Date 10.11 2022 

Page 2 of 4
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6 Water Eliminator 100% virgin PVC

7 Water Spray Nozzle Brass with  Chrome Plating, Self-cleaning Type

8 Internal & drain Piping GI as per IS:1239

9 External piping Heavy grade as per IS:1239 upto 150 NB and MS as per 
IS:3589 for sizes above 200 NB

10 Support Structure MS sections as per IS:2062

11 Centrifugal Fan:

12 Centrifugal pump:

Painting

1 Casing/ Enclosure Galvanized

2 Water tank Spray galvanized, both inside and outside, min. 60 
micron DFT

3 Support Structure Epoxy with primer

Inspection & Testing
1 Inspection & Testing As per approved QAP

For Details refer Technical Data Sheet of Centrifugal Fans for Air 
Handling Units and UAF Units (BHEL Doc.No:PE-V0-466-(571-13000-A)
-A201 )  and (NTPC Doc. No.2100-109-PVM-Y-001A)

For Details refer Technical Data Sheet  & GA Drawing for  Centrifugal 
Pump for UAF Unit (BHEL Doc.No:PE-V0-466-(571-13000-A) -A204 ) 
 and (NTPC Doc. No.2100-109-PVM-Y-002B)

Note#1 
The PVC eliminators shall be UV stabilized using titanium di-oxide and shall withstand the weathering 
test as per IS:4892 for 500 hrs. Type test report of the compound testing carried out in any reputed 
laboratory shall be submitted for approval.  

R01
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Minimum finished thickness of 2 mm.  
The PVC eliminators shall be UV stabilized using Titanium di-
oxide and shall withstand the weathering test as per  
IS:4892 for 500 hrs. Type test report of the compound testing 
carried out in any reputed laboratory shall be submitted for  
approval. 
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TECHNICAL DATASHEET & GA DRAWING OF UAF 
UNIT

Sr. No. Description Details
General Description
1 Item UAF

2 Manufacturer AVPL

3 Model No. UAF-110

4 Type Single bank spray nozzles with eliminators, louvers, 
distribution plate, Water repellent filters etc. 

5 Air flow Capacity 110000 CMH
6 Fan Static pressure 6  mm WG

7 Quantity Offered 1 Nos.
8 Location FGD Control Building 
9 Overall Dimension As per enclosed UAF GA drawing 

10 Saturation Efficiency of 
UAF 60 % (min.)

11 Make up water 
requirement 2 CMH (max.)

Item Description
1 Water repellent filter Nylon type

2 No. of  filter 610x610x50 mm - 35 Nos.

3 Water Eliminator 2 mm thk. PVC, 6 bend

4 No. of Nozzles Nos.

5 Size of Nozzles 3/8"

6 Pressure drop through 
Nozzle 1.4  to 2.4 kg/cm2

7 Capacity of each Nozzle 6 LPM
8 Cat walk/ ladder Yes

9 Sump strainer Yes

10 Inspection Window Yes

11 Marine Light Yes

Material of Construction

1 Air Distribution Plate Fabricated from 18G GI sheet & Galvanized Angle 
Support with minimum 50% free Area

2 Air Suction Screen GI

3 UAF Casing/ Enclosure
Double Skin construction 22G GI outer Panel, 20G GI 
inner panel with 25mm PU foam Insulation Min. Density 
38kg/M3

4 Water tank MS Plate, 6 mm thk. Min. depth shall be 600mm

5 Capacity of Tank 5.44 m³

Customer NTPC Job No. M21/DEL-81.BHEL

Project 3X500 MW MOUDA TPP STAGE-
I (FGD SYSTEM PACKAGE) Date .0 .2021

BHEL Doc. No. PE-V0-444-571-A203 AVPL Doc 
No AV2K21-81-TDS-03 
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6 Water Eliminator 100% virgin PVC, 2mm thk., 6 bend

7 Water Spray Nozzle Brass with  Chrome Plating, Self-cleaning Type

8 Internal & drain Piping GI as per IS:1239

9 External piping Heavy grade as per IS:1239 upto 150 NB and MS as per 
IS:3589 for sizes above 200 NB

10 Support Structure MS sections as per IS:2062
Painting
1 Casing/ Enclosure Galvanized

2 Water tank Spray galvanized, both inside and outside, min. 60 
micron DFT

3 Support Structure Epoxy with primer

Inspection & Testing
1 Inspection & Testing As per approved QAP

Prep. By Appr. By
D:\Varsha\Adv\Format\Technical Parameter-Portrait…VA
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APPLICABLE FOR 
ANNEXURE-I, ITEM NO. 
B1b & B1c
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APPLICABLE FOR 
ANNEXURE-I, ITEM NO. C3

Page 272 of 538



Page 273 of 538



Pa
ge

 2
74

 o
f 5

38



APPLICABLE FOR 
ANNEXURE-I, ITEM NO. C4

Page 275 of 538



Page 276 of 538



Page 277 of 538



Page 278 of 538



Page 279 of 538



Page 280 of 538



N
oi

se
 le

ve
l w

ith
in

 th
e 

ai
r 

co
nd

iti
on

al
 s

pa
ce

 s
ha

ll 
be

 
re

st
ric

te
d 

to
 3

5-
45

 N
C

 l
ev

el
 w

ith
 s

ui
ta

bl
e 

ac
ou

st
ic

 
at

te
nu

at
io

n/
 d

uc
t s

ile
nc

er
s/

 a
co

us
tic

 in
su

la
tio

n,
 e

tc
. 

A
PP

LI
CA

BL
E 

FO
R 

A
N

N
EX

U
RE

-I,
 IT

EM
 N

O
. 

C1
.1

, 1
.2

, 1
.3

, 1
.4

, 1
.5

Pa
ge

 2
81

 o
f 5

38



APPLICABLE FOR ANNEXURE-
I, ITEM NO. A6.a
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APPLICABLE FOR ANNEXURE-I, ITEM NO. 
C1.1
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APPLICABLE FOR ANNEXURE-I, ITEM NO. 
B1a, B1b & B1c
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14.              Copper Pipe for    
                   Condensing Unit

Min. L grade for both liquid and Gas line
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APPLICABLE FOR ANNEXURE-I, ITEM NO. 
B4 & B5 (AXIAL FAN FILTERS)
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APPLICABLE FOR ANNEXURE-I, ITEM NO. 
B4 (AXIAL FAN FILTERS)
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APPLICABLE FOR ANNEXURE-I, ITEM NO. 
B1a, B1b & B1c (UAF FILTERS)
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APPLICABLE FOR ANNEXURE-I, ITEM NO. 
B1b, PUMPS

Page 298 of 538



Page 299 of 538



Page 300 of 538



Pa
ge

 3
01

 o
f 5

38



Pa
ge

 3
02

 o
f 5

38



1 Application UAF Centrifugal Pump
2 Location UAF (FGD electrical Cum Control Building)
3 Duty Continuous
4 Quantity 01 Nos.
5 Liquid Water
6 Specific Gravity of Liquid 1
7 Temperature (Deg. C) Ambient
8 Pump Make FLOWMORE
9 Pump Type Horizontal End Suction Water Pump
10 Pump Model 5625
11 Size 125x100
12 Full Load Speed of Motor 1480 rpm
13 Capacity (M3/Hr.) 81
14 Total Differential Head (Mtr.) 30 M
15 Shut Off Head (Mtr.) 34.5 Mtr.
16 Pump Efficiency 72%
17 Pump Input (BKW) 9.14 KW
18 Motor Rating 15KW/4P
19 Motor Make LHP
20 Type of Impeller Enclosed
21 Type of Pump Motor Coupling Flexible
22 Noise Level 85 dBA at 1 M
23 Vibration Level 75 Microns
24 Lantern ring Bronze
25 Casing 2% NiCI (IS-210, FG-260)
26 Impeller BRONZE (IS-318, Gr.II)
27 Casing Wearing Ring BRONZE (IS-318, LTB V)
28 Pump Shaft SS-316
29 Shaft Sleeve SS-316
30 Type of Sealing Gland Packing
31 Gland Packing Type Non – Asbestos
32 Base Plate IS-2062
33 Operating Range -40% to 120% of Duty Point

34 Painting Light Grey - RAL 7035

D:\Varsha\Adv\Format\Technical Parameter-Portrait…VA

APPLICABLE FOR ANNEXURE-I, ITEM NO. 
B1c, PUMPS
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