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CLAUSE NO. PROJECT INFORMATION

EPC PACKAGE FOR 
PATRATU SUPER THERMAL POWER 

STATION EXPANSION PHASE-I (3X800 MW)

TECHNICAL SPECIFICATION
SECTION – VI, PART-A

BID DOC. NO CS-9585-001-02

SUB-SECTION-IB
PROJECT INFORMATION

PAGE 
1 OF 15

PATRATU STPS EXPANSION PHASE-I (3X800 MW)

1.00.00 BACKGROUND

A Memorandum of Agreement (MOA) has been entered on 29.07.2015 amongst 
Govt. of Jharkhand (GoJ), Jharkhand Urja Vikash Nigam Limited (JUVNL), 
Jharkhand UrjaUtpadan Nigam Limited (JUUNL), Jharkhand BijliVitaran Nigam 
Limited (JBVNL) and NTPC Limited to form a Joint Venture Company of NTPC 
Limted& JBVNL for transfer of Patratu Thermal Power Station (PTPS) located in 
Ramgarh District of Jharkhand State to the proposed JV Company for Performance 
Improvement of existing capacity & 4000 MW Capacity expansion of PTPS. 

Further to signing of JV agreement on 29.07.2015, a Joint Venture Company namely 
Patratu Vidyut Utpadan Nigam Limited (PVUNL) has been incorporated amongst 
GoJ, JUVNL, JBVNL and NTPC Ltd. on 15.10.2015. The Performance Improvement 
of existing capacity and 4000 MW Capacity expansion of Patratu STPS will be 
implemented by the JV Company (JVC). The configuration of expansion of 4000 MW 
shall consist of 5 units of 800 MW to be implemented in two phases; Phase-I: 3x800 
MW and Phase-II: 2x800 MW.

The present proposal is for Patratu STPS Phase-I (3x800 MW). The project is 
envisaged to be commissioned during XIII Plan period.

2.00.00 CAPACITY
Patratu STPS Phase-I: 3x800 MW - Present proposal 

3.00.00 MODE OF OPERATION

Base Load

4.00.00 LOCATION AND APPROACH
4.01.00 Patratu Thermal Power station (PTPS) is located just outside the coal belt of South 

Karanpura in Ramgarh District of Jharkhand State. The nearest Railway Station is 
Patratu which is at a distance of about 4 km on Barkakhana-Barwadih Railway line.

4.02.00 The latitudes and longitudes of the site are as follows:

Corner name Latitude Longitude

Top Corner 23° N 85° 17’ 51.5” E

Bottom Corner 23° 38 N 85° 17’ 27”    E

Left Corner 23° 38 N 85° E
Right Corner 23° 38 N 85° E

4.03.00 Airport

The nearest commercial airport is Ranchi at about 45 km by road.
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A copy of Vicinity plan of the project site is placed at Annexure - I.

5.00.00 LAND

The total land to be transferred to JV Company is 1859 acres. Out of 1859 acre, 
about 1234 acres of land has been envisaged for Plant, Ash pond and Land on 
railway track of the for Phase-I (3x800 MW). The balance 625 acre of land shall be 
transferred during commencement of Phase-II (2x800 MW).

6.00.00 WATER

The make-up water for PSTPS is to be met from Patratu Dam on Nalkari River 
(capacity 99 MCM i.e. 110 Cusecs). About 52.34 Cusecs of water will be available at 
90% dependable monsoon flow after considering evaporation loss. 

GoJ/JUVNL owns and controls water of Patratu Dam. GoJ/JUUNL supplies water to 
PTPS and to the other entities in the vicinity from this water reservoir. JUVNL had 
entered into agreements with these other entities for supply of water from water 
reservoir. JUVNL shall revisit these agreements to meet the requirement of water for 
expansion projects, if required.

Make up water requirement of PSTPS, Phase-I (3x800 MW) would be about 27 
Cusecs with “Air Cooled Condenser” based power plant. GoJ shall provide the 
required water from the existing reservoir to the JV Company. 

The JVC shall be responsible for the water supply arrangement starting at the 
downstream of intake chamber from where water supply commences for the Station. 
Ownership of the entire water supply system and related plant and equipment, 
including the water treatment plant, shall be that of the JVC and after the asset 
transfer, the JVC shall maintain, take care and use the same. The additional facility 
including addition of plant, equipment etc. for enhanced requirement (if any) and 
drawl of water shall be the responsibility of JVC and to be arranged by the JVC at
their own cost.
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7.00.00        COAL
7.01.00 Coal Requirement, Availability and Linkage

About 12 MTPA of coal will be required to meet coal requirement of the Phase-I 
(3x800 MW) of the project. 

The Banhardih captive coal block at a distance of about 155 km from plant is 
allocated to JUVNL for end use of Patratu expansion. The coal from Banhardih 
captive coal block shall be transferred to the JVC for the usage of PSTPS with the 
approval of Ministry of Coal, GOI. MOC (11.09.15) has accorded in-principle 
approval of the Central Govt. to assign Banhardih Coal Block allocated to JUVNL to 
the JV Company.

7.02.00 Coal Transportation
The envisaged mode of coal transportation from the coal mines to the power plant is 
by Indian Railways through BOBR / BOX- N wagons.

7.03.00 Coal Quality
The primary fuel for the main steam generator shall be coal. The domestic coal 
quality parameters are indicated in Annexure-IV-2 and imported coal parameters
are indicated in Annexure-IV-4 are to be considered for steam generator design. 

7.04.00          Fuel Oil
The fuel oils to be used for start-up, coal flame stabilization and low load operation 
of the steam generator shall be Heavy Fuel Oils having the characteristics given at 
Annexure-IV-3and Light Diesel Oil having the characteristics given at Annexure-IV-
1.

8.00.00        NOT USED

9.00.00 STEAM GENERATOR TECHNOLOGY

The steam generators shall be super critical once through type, water tube, direct 
pulverized coal fired, top supported, balanced draft furnace, single reheat, radiant, 
dry bottom type, suitable for outdoor installation. The gas path arrangement shall be 
single pass (Tower type) or two pass type. 

10.00.00 FLUE GAS DESULPHURIZATION SYSTEM (FGD) &SCR:

The project is envisaged with Flue Gas Desulfurization (FGD) system and SCR 
meeting Ministry of Environment, Forest & Climate Change notification dated 
07.12.2015. Limestone to be used for design of FGD system shall be as per the 
characteristic given at Annexure-IV-5.

11.00.00        POWER EVACUATION SYSTEM

85% of power from the project is envisaged to be allocated to Jharkhand State 
subject to approval of Ministry of Power, while balance 15% would be as unallocated 
portion and Project is envisaged as regional project. Since major power (85%) is 
proposed to be absorbed by Jharkhand, the issue of Associated Transmission
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ANNEXURE- (d) 

CRITERIA FOR WIND RESISTANT DESIGN OF STRUCTURES AND EQUIPMENT 
 
 

All structures shall be designed for wind forces in accordance with IS 875 (Part-3) and as 
specified in this document. See Annexure – B for site specific information.  

 
Along wind forces shall generally be computed by the Peak (i.e. 3 second gust) Wind Speed 
method as defined in the standard. 

 
Along wind forces on slender and wind sensitive structures and structural elements shall also 
be computed, for dynamic effects, using the Gust Factor or Gust Effectiveness Factor 
Method as defined in the standard. The structures shall be designed for the higher of the 
forces obtained from Gust Factor method and the Peak Wind Speed method. 

 
Analysis for dynamic effects of wind must be undertaken for any structure which has a height 
to minimum lateral dimension ratio greater than “5” and/or if the fundamental frequency of the 
structure is less than 1 Hz. 

 
Susceptibility of structures to across-wind forces, galloping, flutter, ovalling etc. should be 
examined and designed/detailed accordingly following the recommendations of IS 875(Part-
3) and other relevant Indian standards. 

 
It should be estimated if size and relative position of other structures are likely to enhance the 
wind loading on the structure under consideration. Enhancement factor, if necessary, shall 
suitably be estimated and applied to the wind loading to account for the interference effects.   
 
Damping in Structures 

 
The damping factor (as a percentage of critical damping) to be adopted shall not be more 
than as indicated below for: 
 
a) Welded steel structures                                : 1.0% 
  
b) Bolted steel structures                                  : 2.0% 
 
c) Reinforced concrete structures                     : 1.6% 
 
d) Steel stacks           : As per IS 6533 & CICIND Model Code    

whichever is more critical. 
 
 

SITE SPECIFIC DESIGN PARAMETERS 
 

The various design parameters, as defined in IS 875 (Part-3), to be adopted for the project 
site shall be as follows:  

 
a) The basic wind speed “Vb” at ten metre above the mean ground level: 39 metre/second 

 
b) The risk coefficient “K1”   : 1.06 

 
c) Category of terrain : Category-2 
 
 

16 / 460



CLAUSE NO. 
 

TECHNICAL REQUIREMENTS  
 
 

 
EPC PACKAGE FOR  

PATRATU SUPER THERMAL POWER 
STATION EXPANSION PHASE–I (3X 800MW) 

TECHNICAL SPECIFICATION 
SECTION-VI, PART-B 

BID DOC NO. CS--9585-001-2 

SUB-SECTION-D-01 
CIVIL WORKS 

PAGE 
334 OF 340 

 
 

Annexure-(E) 

 CRITERIA FOR EARTHQUAKE RESISTANT DESIGN OF STRUCTURES AND 
EQUIPMENT 

 
 

All structures and equipment shall be designed for seismic forces adopting the site specific 
seismic information provided in this document and using the other provisions in accordance 
with IS:1893 (Part 1):2002 and IS:1893 (Part 4):2005. Pending finalization of Parts 2, 3 and 5 
of IS:1893, provisions of part 1 shall be read along with the relevant clauses of IS:1893:1984, 
for structures other than the buildings and industrial structures including stack-like structures. 

 
A site specific seismic study has been conducted for the project site. The peak ground 
horizontal acceleration for the project site, the site specific acceleration spectral coefficients 
(in units of gravity acceleration ‘g’) in the horizontal direction for the various damping values 
and the multiplying factor (to be used over the spectral coefficients) for evaluating the design 
acceleration spectra are as given at Annexure-I.  

 
Vertical acceleration spectral values shall be taken as 2/3rd of the corresponding horizontal 
values. 

 
The site specific design acceleration spectra shall be used in place of the response 
acceleration spectra, given at figure-2 in IS:1893 (Part 1) and Annex B of IS:1893 (Part 4). 
The site specific acceleration spectra along with multiplying factors specified in Annexure-I 
includes the effect of the seismic environment of the site, the importance factor related to the 
structures and the response reduction factor.  Hence, the design spectra do not require any 
further consideration of the zone factor (Z), the importance factor (I) and response reduction 
factor (R) as used in the IS:1893 (Part 1 and Part 4).  

 
 

Damping in Structures 
 

The damping factor (as a percentage of critical damping) to be adopted shall not be more 
than as indicated below for: 
 

Steel structures 2
% 
 

Reinforced Concrete 
structures  

5
% 
 

Reinforced Concrete 
Stacks  

3
% 
 

Steel stacks 2
% 
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Method of Analysis 

 
Since most structures in a power plant are irregular in shape and have irregular distribution of 
mass and stiffness, dynamic analysis for obtaining the design seismic forces shall be carried 
out using the response spectrum method. The number of vibration modes used in the 
analysis should be such that the sum total of modal masses of all modes considered is at 
least 90 percent of the total seismic mass and shall also meet requirements of IS:1893 (Part 
1). Modal combination of the peak response quantities shall be performed as per Complete 
Quadratic Combination (CQC) method or by an acceptable alternative as per IS:1893 (Part 
1).  

 
In general, seismic analysis shall be performed for the three orthogonal (two principal 
horizontal and one vertical) components of earthquake motion. The seismic response from 
the three components shall be combined as specified in IS:1893 (Part 1). 
 
For buildings, if the design base shear (VB) obtained from modal combination is less than the 
base shear ( VB) computed using the approximate fundamental period (Ta) given in 
IS:1893:Part 1 and using site specific acceleration spectra with appropriate multiplying factor, 
the response quantities (e.g. member forces, displacements, storey forces, storey shears 
and base reactions) shall be enhanced in the ratio of VB/ VB. However, no reduction is 
permitted if VB is less than VB.  
 
For regular buildings less than 12m in height, design seismic base shear and its distribution 
to different floor levels along the height of the building may be carried out as specified under 
clause 7.5, 7.6 & 7.7 of IS:1893 (Part 1) and using site specific design acceleration spectra. 
The design horizontal acceleration spectrum value (Ah) shall be computed for the 
fundamental natural period as per clause 7.6 of IS:1893 (Part 1) using site specific spectral 
acceleration coefficients with appropriate multiplying factor given in Annexure-I. Further, the 
spectral acceleration coefficient shall get restricted to the peak spectral value if the 
fundamental natural period of the building falls to the left of the peak in the spectral 
acceleration curve. 
 

 
Design/Detailing for Ductility for Structures 

 
The site specific design acceleration spectra is a reduced spectra and has an in-built 
allowance for ductility. Structures shall be engineered and detailed in accordance with 
relevant Indian/International standards to achieve ductility.  

 
 
SITE SPECIFIC SEISMIC PARAMETERS FOR DESIGN OF STRUCTURES AND 
EQUIPMENT 

 

The site specific seismic parameters for the project site shall be furnished later. 
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  Annexure-2 

 
 
CRITERIA FOR EARTHQUAKE RESISTANT DESIGN OF STRUCTURES 
AND EQUIPMENT 
 
All structures and equipment shall be designed for seismic forces adopting the site 
specific seismic information provided in this document and using the other provisions 
in accordance with IS:1893 (Part 1 to Part 4). Pending finalization of Part 5 of 
IS:1893, provisions of part 1 shall be read along with the relevant clauses of 
IS:1893:1984, for embankments. 
 
A site specific seismic study has been conducted for the project site. The peak ground 
horizontal acceleration for the project site, the site specific acceleration spectral 
coefficients (in units of gravity acceleration ‘g’) in the horizontal direction for the 
various damping values and the multiplying factor (to be used over the spectral 
coefficients) for evaluating the design acceleration spectra are as given at Appendix-I.  
 
Vertical acceleration spectral values shall be taken as 2/3rd of the corresponding 
horizontal values. 
 
The site specific design acceleration spectra shall be used in place of the response 
acceleration spectra, given at figure-2 in IS:1893 (Part 1) and Annex B of IS:1893 
(Part 4). The site specific acceleration spectra along with multiplying factors specified 
in Appendix-I includes the effect of the seismic environment of the site, the 
importance factor related to the structures and the response reduction factor.  Hence, 
the design spectra do not require any further consideration of the zone factor (Z), the 
importance factor (I) and response reduction factor (R) as used in the IS:1893 (Part 1 
to Part 4).  
 
 
Damping in Structures 
 
The damping factor (as a percentage of critical damping) to be adopted shall not be 
more than as indicated below for: 
 
a) Steel structures : 2% 

 
b) Reinforced Concrete structures  : 5% 

 
c) Reinforced Concrete Stacks  : 3% 

 
d) 
 

Steel stacks : 2% 
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                                                                                  Sheet 2/6 

  
Method of Analysis 
 
Since most structures in a power plant are irregular in shape and have irregular 
distribution of mass and stiffness, dynamic analysis for obtaining the design seismic 
forces shall be carried out using the response spectrum method. The number of 
vibration modes used in the analysis should be such that the sum total of modal 
masses of all modes considered is at least 90 percent of the total seismic mass and 
shall also meet requirements of IS:1893 (Part 1). Modal combination of the peak 
response quantities shall be performed as per Complete Quadratic Combination 
(CQC) method or by an acceptable alternative as per IS:1893 (Part 1).  
 
In general, seismic analysis shall be performed for the three orthogonal (two principal 
horizontal and one vertical) components of earthquake motion. The seismic response 
from the three components shall be combined as specified in IS:1893 (Part 1). 
 
The spectral acceleration coefficient shall get restricted to the peak spectral value if 
the fundamental natural period of the structure falls to the left of the peak in the 
spectral acceleration curve. 
 
For buildings, if the design base shear (VB) obtained from modal combination is less 
than the base shear (�VB) computed using the approximate fundamental period (Ta) 
given in IS:1893:Part 1 and using site specific acceleration spectra with appropriate 
multiplying factor, the response quantities (e.g. member forces, displacements, storey 
forces, storey shears and base reactions) shall be enhanced in the ratio of �VB/ VB. 
However, no reduction is permitted if �VB is less than VB.  
 
For regular buildings less than 12m in height, design seismic base shear and its 
distribution to different floor levels along the height of the building may be carried 
out as specified under clause 7.5, 7.6 & 7.7 of IS:1893 (Part 1) and using site specific 
design acceleration spectra. The design horizontal acceleration spectrum value (Ah) 
shall be computed for the fundamental natural period as per clause 7.6 of IS:1893 
(Part 1) using site specific spectral acceleration coefficients with appropriate 
multiplying factor given in Appendix-I. 
 
 
Design/Detailing for Ductility for Structures 
 
The site specific design acceleration spectra is a reduced spectra and has an in-built 
allowance for ductility. Structures shall be engineered and detailed in accordance with 
relevant Indian/International standards to achieve ductility.  
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SITE SPECIFIC SEISMIC PARAMETERS FOR DESIGN OF STRUCTURES 
AND EQUIPMENT 
 
The various site specific seismic parameters for the project site shall be as follows: 
 
 
1) Peak ground horizontal acceleration (MCE) 

 
     :  0.41 g 

2) Multiplying factor to be applied to the site specific horizontal 
acceleration spectral coefficients (in units of gravity 
acceleration ‘g’) to obtain the design acceleration spectra 

 

 
a) for ordinary moment resisting steel frames designed and 

detailed as per IS:800   
 

 
: 0.103 

b) for braced steel frames designed and detailed as per IS:800 
 

: 0.077 

c) For special moment resisting RC frames designed and 
detailed as per IS:456 and IS:13920 
 

 
: 0.062 

d) for RCC chimney 
 

: 0.205 

e) for liquid retaining tanks 
 

: 0.123 

f) for steel chimney 
 

: 0.154 

g) for design of structures not covered under 2 (a) to 2 (f) above 
and under 3 below 
 

 
: 0.103 

3) Multiplying factor to be applied to the site specific horizontal 
acceleration spectral coefficients (in units of gravity 
acceleration ‘g’) for design of equipment and structures 
where inelastic action is not relevant or not permitted 

 
 
 
    : 0.205 

   
 
Notes: 
1.  g = Acceleration due to gravity 
2.   For industrial structures, analysis for verification of mechanism shall be carried 
out as per IS:1893 (Part 4):2015 
 
 
The horizontal seismic acceleration spectral coefficients are furnished in subsequent 
pages. 
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HORIZONTAL SEISMIC ACCELERATION SPECTRAL COEFFICIENTS 
(In units of ‘g’)  

 

Time Period Damping Factor (as a percentage of critical damping) 
 

(Sec) 2% 3% 5% 

0 1.000 1.000 1.000 
0.03 1.000 1.000 1.000 
0.04 1.555 1.405 1.293 
0.05 2.190 1.828 1.578 
0.06 2.898 2.267 1.857 
0.07 3.670 2.720 2.131 

0.075 3.670 3.175 2.267 
0.08 3.670 3.175 2.500 

0.083 3.670 3.175 2.500 
0.085 3.670 3.175 2.500 
0.09 3.670 3.175 2.500 
0.1 3.670 3.175 2.500 

0.105 3.670 3.175 2.500 
0.11 3.670 3.175 2.500 

0.115 3.670 3.175 2.500 
0.12 3.670 3.175 2.500 

0.125 3.670 3.175 2.500 
0.13 3.670 3.175 2.500 

0.135 3.670 3.175 2.500 
0.14 3.670 3.175 2.500 

0.145 3.670 3.175 2.500 
0.15 3.670 3.175 2.500 
0.2 3.670 3.175 2.500 
0.22 3.670 3.175 2.500 
0.23 3.670 3.175 2.500 
0.24 3.670 3.175 2.500 
0.3 3.670 3.175 2.500 
0.35 3.670 3.175 2.500 
0.4 3.670 3.175 2.500 
0.45 3.111 2.822 2.222 
0.5 2.800 2.540 2.000 
0.55 2.545 2.309 1.818 
0.6 2.333 2.117 1.667 
0.65 2.154 1.954 1.538 
0.7 2.000 1.814 1.429 
0.75 1.867 1.693 1.333 
0.8 1.750 1.588 1.250 
0.85 1.647 1.494 1.176 
0.9 1.556 1.411 1.111 
0.95 1.474 1.337 1.053 

1 1.400 1.270 1.000 
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HORIZONTAL SEISMIC ACCELERATION SPECTRAL COEFFICIENTS 

(In units of ‘g’)  
 

Time Period Damping Factor (as a percentage of critical damping) 
 

(Sec) 2% 3% 5% 

1.05 1.333 1.210 0.952 
1.1 1.273 1.155 0.909 
1.15 1.217 1.104 0.870 
1.2 1.167 1.058 0.833 
1.25 1.120 1.016 0.800 
1.3 1.077 0.977 0.769 
1.35 1.037 0.941 0.741 
1.4 1.000 0.907 0.714 
1.45 0.966 0.876 0.690 
1.5 0.933 0.847 0.667 
1.55 0.903 0.819 0.645 
1.6 0.875 0.794 0.625 
1.65 0.848 0.770 0.606 
1.7 0.824 0.747 0.588 
1.75 0.800 0.726 0.571 
1.8 0.778 0.706 0.556 
1.85 0.757 0.686 0.541 
1.9 0.737 0.668 0.526 
1.95 0.718 0.651 0.513 

2 0.700 0.635 0.500 
2.05 0.683 0.620 0.488 
2.1 0.667 0.605 0.476 
2.15 0.651 0.591 0.465 
2.2 0.636 0.577 0.455 
2.25 0.622 0.564 0.444 
2.3 0.609 0.552 0.435 
2.35 0.596 0.540 0.426 
2.4 0.583 0.529 0.417 
2.45 0.571 0.518 0.408 
2.5 0.560 0.508 0.400 
2.55 0.549 0.498 0.392 
2.6 0.538 0.488 0.385 
2.65 0.528 0.479 0.377 
2.7 0.519 0.470 0.370 
2.8 0.500 0.454 0.357 
2.85 0.491 0.446 0.351 
2.9 0.483 0.438 0.345 
2.95 0.475 0.431 0.339 

3 0.467 0.423 0.333 
3.05 0.459 0.416 0.328 
3.1 0.452 0.410 0.323 
3.15 0.444 0.403 0.317 
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HORIZONTAL SEISMIC ACCELERATION SPECTRAL COEFFICIENTS 

(In units of ‘g’)  
 

Time Period Damping Factor (as a percentage of critical damping) 
 

(Sec) 2% 3% 5% 

3.2 0.438 0.397 0.313 
3.25 0.431 0.391 0.308 
3.3 0.424 0.385 0.303 
3.35 0.418 0.379 0.299 
3.4 0.412 0.374 0.294 
3.45 0.406 0.368 0.290 
3.5 0.400 0.363 0.286 
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Annexure-(f) 

QA REQUIREMENT 

 

All Civil, Structural and Architectural construction work at the project shall be executed strictly 
in accordance with the Quality Assurance guidelines specified in separate part  of this 
Specification. 
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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.  

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 coordinated 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. 
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8.00.00 DOCUMENTS, DATA AND DRAWINGS TO BE FURNISHED BY         
CONTRACTOR 

8.01.00 Bidders may note that this is a turnkey contract. 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 engineered plant shall be provided in respect  of mechanical, electrical 
and power systems, control & instrumentation, civil & structural works.  

 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. 
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  vi) Schemes and Process & Instrumentation diagrams for the various 
systems/ sub-system with functional write-ups. 

  vii) Water Balance diagram. 

  viii) Operation Philosophy and the control philosophy of the Main Plant 
and other plants.  

  ix) General Layout plan of the power station 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, transformer yard, switchyard 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 station. 

 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) Start up curves for boiler and both turbines and boiler combined 
together as a unit for various start ups, viz. cold, warm and hot start 
up. 

 v) Piping isometric, composite layout and fabrication drawings. 

 vi) Piping engineering diagrams, pipe and fittings schedules, valve 
schedules, hanger and support schedules, insulation schedules. 
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 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, BFPs, CEPs, Heaters/ Deaerators, Condensers, 
vacuum pumps etc. 

 ix) Boiler pressure part schedule and sizing calculations. Boiler 
performance data and boiler design dossier. 

 x) Transient, hydraulic and thermal stress analysis of piping and system 
wherever applicable & input and output data alongwith stress analysis 
isometrics showing nodes.. 

 xi) Thermal cycle information (heat balance diagrams, boiler 
performance calculations, condenser and heat  exchanger thermal 
calculations etc.). 

 xii) Characteristic Curves/ Performance Correction Curves. Hydraulic & 
Mechanical design calculations for condensers & heaters. 

 xiii) 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. 

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

xv) Protection system diagrams and relay settings.   

xvi) Cables schedules and interconnection diagrams. 

 xvii) Cable routing plan. 

 xviii) Instrument schedule, measuring point list, I/O list, Interconnection & 
wiring diagram, functional write-ups, 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. 
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 xx) Sequence and protection interlock schemes. 

 xxi) Type test reports, insulation co-ordination study report and power 
system stability study report. 

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

 xxiii) Detailed DDCMIS system manuals. 

 xxiv) Detailed flow chart for digital control system. 

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

 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 
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. 

 The Contractor's while sumitting 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 submit to the Employer, draft Instruction Manuals for all the 
equipments covered under the Contract by the end of one year from the date of his 
acceptance of the Letter of Award. 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 
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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. 

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 
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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.  

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

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

(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. 
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(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 
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 
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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. 

 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 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. 
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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 
Main Power Block area, covering Transformer Yard, TG building 
(including all facilities ), Boiler area, ESP area, chimney area and 
any other facility located in Main Plant Block area 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. 

          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. 

          Contractor shall prepare and provide 3D design review model 
(network ready, 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 and shall make a 
presentation of the same every 3 months from LOA to enable 
NTPC to review the progress of engineering or as & when 
required by employer. 

                                          After the completion of engineering of respective area i.e. TG 
building/ Boiler/ ESP etc., the corresponding complete 3D review 
model shall be handed over to the employer for its reference.  
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 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. 

 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 
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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 turnkey package. 

 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 
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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. 

8.04.00 ENGINEERING INFORMATION SUBMISSION SCHEDULE 

 Prior to the award of Contract, a Detailed Engineering Information Submission 
Schedule 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 categorised 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. 
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8.05.00 Engineering Co-ordination Procedure  

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

NTPC Engineering Coordinator (NTPC EC) :  

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  : 

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

8.05.03 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.   
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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.   

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. 
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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 
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. 

8.06.00 ENGINEERING PROGRESS AND EXCEPTION REPORT 

8.06.01 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. 
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8.06.02 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. 

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 
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.  
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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 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. 

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. 

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. 

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. 

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

 a) Manufacturer's identification. 
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 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. 

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. 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 
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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. 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 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. 
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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 
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. 
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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 
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 
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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) 

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

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 shall be as per relevant code.   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. 

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).  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 
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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 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 

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

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

                                                       Or 

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

   Elevated Temperature Test Cycle  

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

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

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

       2) Burn in Test Cycle  

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

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

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

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

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.  

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. 
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(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. 

(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. 
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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. 

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. 

 

79 / 460



CLAUSE NO. 
 

GENERAL TECHNICAL REQUIREMENTS 
 

 

 

EPC PACKAGE FOR 
PATRATU SUPER THERMAL POWER 

STATION EXPANSION PHASE-I (3X800MW) 

TECHNICAL SPECIFICATIONS 
SECTION VI, PART-C 

BID DOC. NO.:CS-9585-001-2 

GENERAL TECHNICAL 
REQUIREMENTS 

PAGE 
36 OF 111 

 
 

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 
for the Project Manager and for his duly authorised representative permission to 
inspect as if the works were manufactured or assembled on the Contractor’s own 
premises or works. 

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

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

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

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

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

25.08.00 To facilitate advance planning of inspection in addition to giving inspection notice  as 
specified at clause no 9.05.03- of this chapter, the Contractor shall furnish quarterly 
inspection programme indicating schedule dates of inspection at Customer Hold 
Point and final inspection stages. Updated quarterly inspection plans will be made 
for each three consecutive months and shall be furnished before beginning of each 
calendar month. 

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

25.10.00         Associated document for Quality Assurance programme 

25.10.01 Manufacturing Quality Plan Format No. : QS-01-QAI-P-09/F1-R1 enclosed at 
Annexure-I. 

25.10.02 Field Quality Plan Format No.: QS-01-QAI-P-09/F2-R1 enclosed at Annexure-II. 

25.10.03 List of items requiring quality plan and sub supplier approval. Format No.:  QS-01-
QAI-P-01/F3-R0 (Annexure-III). 

25.10.04 Status of items requiring Quality Plan and sub supplier approval. Format  enclosed 
at  Annexure-IV. 

25.10.05 Field Welding Schedule Format  enclosed at Annexure-V. 

25.11.00       TESTING OF MAJOR DESIGN FEATURES:  

 The major design features of the system shall be demonstrated by the Contractor at 
the Contractor’s works or any other place mutually agreed within Six months from 
the date of LOA. These are the system function tests, which have a major impact on 
the detailed system design & finalization of important engineering documents like 
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configuration, functional grouping, BOM etc., but do not require a fully engineered 
system for conductance. Bidder shall identify these features & include detailed test 
procedures in the bid, which shall be finalized during discussions with the bidder 
before award. The developments and any augmentation of standard features 
undertaken by the Bidder to fulfill the various specification requirements, shall be 
also be tested during these major design tests. This shall include but not be limited 
to the following. 

a) System accuracy tests of DDCMIS for the various type of inputs identified in  
Part-B. 

b) Loop reaction time for sample loops/ logics.  

c) SOE functionality tests. 

d) Server changeover. 

e) Various response times, having serious implication on operation & 
maintenance philosophy. 

f) Duty cycle of controller/ HMIPIS with simulated load, representative of the 
final engineered load. 

g) Unified HMI for DDCMIS. 

 The results of the above tests, after its acceptance by the Employer,  shall be 
properly documented and submitted to Employer. 

 If any of the envisaged tests have been carried out by Bidder in a previous 
NTPC project, then the same need not be specifically conducted by the Bidder 
for this project, provided it is clearly established by the Bidder & accepted by 
the Employer that there is no difference between the system offered for this 
project & the previous NTPC project with respect to the test. However, even in 
such a case, test report of the previous project shall be submitted by the 
Bidder as a part of MDFT (Major Design Feature Test) test report. 

25.12.00       DEMONSTRATION OF APPLICATION ENGINEERING 

25.12.01 Based on NTPC inputs, the Contractor shall prepare and submit typical implemented 
scheme in their system ( Control system & HMI) on sample basis. The typical cases 
to be covered shall include but not be limited to the following. 

(i)   Logics/Loops: 

 a)  Drive logics implementation for each type of binary drive along with its 
display in HMI. 
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 i) Safety valves and associated vent pipes for which it shall not exceed 105 
dBA-115 dBA.  

 ii) Regulating drain valves in which case it shall be limited to 90 dBA-115 dBA.  

                        iii)        Mill noise which will be limited to 85-90 dBA. 

 iv) TG unit in which case it shall not exceed 90 dBA. 

 v) For HP-LP bypass valves and other intermittantly operating control valves, 
the noise level shall be within the limit of 90 dBA. 

 vi) For BFP Motor Noise level shall be with in the limit of 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. 

83 / 460



CLAUSE NO. 
 

GENERAL TECHNICAL REQUIREMENTS 
 

 

 

EPC PACKAGE FOR 
PATRATU SUPER THERMAL POWER 

STATION EXPANSION PHASE-I (3X800MW) 

TECHNICAL SPECIFICATIONS 
SECTION VI, PART-C 

BID DOC. NO.:CS-9585-001-2 

GENERAL TECHNICAL 
REQUIREMENTS 

PAGE 
46 OF 111 

 
 

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

 1 Temperature - Degree centigrade (deg C) 

 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. 15 deg.C 
 
 9. Density  - Grams per cubic centimetre. 
 

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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35.00.00 SURGE PROTECTION FOR SOLID STATE EQUIPMENT 

 All solid state systems /equipment shall be able to withstand the electrical noise and 
surge as encountered in actual service conditions and inherent in a power plant and 
shall meet the requirements of surge protection as defined in ANSI C37.90.1-1989 
on its suitable  equivalent class of IEC 254-4. Details of the features incorporated 
and relevant tests carried out. The test certificates. etc. shall be submitted by the 
Bidder. 

36.00.00 INSTRUMENT AIR SYSTEM 

 The instrument air supply system as supplied by the Bidder for various pneumatic 
control & instrumentation devices like pneumatic actuators, power cylinders, E/P 
converters, piping / tubing etc. 

 Each  pneumatic  instrument  shall  have an individual air shut - off valve. The 
pressure regulating valve shall  be  equipped  with  an  internal filter, a 50 mm 
pressure gauge and a built-in filter housing blow down valve. 

37.00.00 TAPPING POINTS FOR MEASUREMENTS 

 Tapping points shall include probes, wherever applicable, for analytical 
measurements and sampling. 

 For direct temperature measurement of all working media, one stub with internal 
threading of approved pattern shall be provided along with suitable plug and washer. 
The Contractor will be intimated about thread standard to be adopted. 

 The following shall be provided on equipment by the Bidder. The standard which is 
to be adopted, will be intimated to the Contractor. 

 i) Temperature test pockets with stub and thermowell 

                       ii) Pressure test pockets 

38.00.00 SYSTEM DOCUMENTATION  

 The Bidder shall provide drawings, system overview & description, hardware/ 
software details, technical literature, functional & hardware schemes, bill of material, 
parts list, interconnection diagrams, data sheets, erection/ installation/ 
commissioning procedures, instruction/ operating manuals, etc. for each of the C& I 
system / sub-systems/ equipment supplied under this package. The documentation 
shall include complete details of the C&I systems/ sub-systems/ equipment to enable 
review by Employer during detailed engineering stage and to provide information to 
plant personnel for operation & Maintenance (including quick diagnostics & trouble 
shooting) of these C&I systems/ sub-systems/ equipment at site. The minimum 

85 / 460



CLAUSE NO. 
 

GENERAL TECHNICAL REQUIREMENTS 
 

 

 

EPC PACKAGE FOR 
PATRATU SUPER THERMAL POWER 

STATION EXPANSION PHASE-I (3X800MW) 

TECHNICAL SPECIFICATIONS 
SECTION VI, PART-C 

BID DOC. NO.:CS-9585-001-2 

GENERAL TECHNICAL 
REQUIREMENTS 

PAGE 
48 OF 111 

 
 

documentation requirements for C&I systems shall be as stipulated under C&I 
"Techncial Data Sheets" Part of specifications. In addition to this, system 
documentation for DDCMIS shall include as a minimum to that specified elsewhere 
in the Technical Specification. 

 The exact  format, submission schedule and contents of various documents shall be 
as finalised during detailed engineering stage. 

38.01.00 Bill of material (instrument list) for all C&I equipment/ devices shall be furnished by 
the bidder in standard formats as approved by the Employer. 

39.00.00           MAINTENANCE MANUALS OF ELECTRONIC MODULES  

                        The Contractor shall have to furnish two(2) sets of all maintenance manual of each 
and every electronic card/module as employed on the various systems and 
equipment including peripherals etc., offered by him.The Contractor will also have to 
furnish the data regarding the expected failure rate of various modules and other 
system components. Further , the contractor shall furnish a set of operating manuals 
which should include block diagrams ,make, model/type ,details wiring and external 
connection drawings etc as required to do the testing and maintenance of the 
electronic modules. 
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LIST OF CODES AND STANDARDS 

 Indian Title International and 
 Standards  Internationally 
    recognised standards 

 IS:277 Galvanised steel sheets     
   (plain or corrugated) 

 
 IS:655 Specification for metal 
   air duct  
    
 IS:800 Code of practice for BS 449:1969 
   use of structural BS 5950 
   steel in general ASA A57, 1-1952 
   building construction 
 
 IS:807 Code of practice for Draft Revision of 
   design, manufacture, A.S. NO. CS.2 
   erection and testing SAA Crane and 
   (Structural portion) Hoist code 
   of cranes and hoists Doc:No. BU/4 Rev 
   6588 (Issued by 
   Standards Associa- 
   tion of Australia). 
   DIN 120:1936 (Sheet 1) 
   DIN 120:1936 (Sheet 2) 
   327 part-I, 1951 
   BS 466 part-II, 1960 
   BS 644:1960 
   BS 1757:1951 
   BS 2573:part-I:1960 
 
 IS:875 Code of practice for National Building 
    design loads (other than code of Canada 
   earthquake) for buildings (1953)-Part-IV 
   and structures 
   Leading standards  Design section 4.1  
   (issued by Canadian 
   Standard) 
   DIN-1055-1955 
   (Issued by ASA) 
 
 
 IS:1239 Mild steel tubes (ISO/R 65-1957) 
 Part-I  (ISO/R-64-1958) 
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    (ISO/R-65-1958) 
    (BS 1387 : 1957) 
 
 IS:1239 Mild steel tubulars and  BS 1387 : 1967 
 Part-II other wrought steel pipe BS 1387 :1967 
   fittings BS 1740 :1965 
 IS:2825 Code for unfired vessels 
 
 IS:1520 Horizontal centrifugal 
   pumps for clear cold 
   and fresh water 
 
 IS:1600 Code for practice for  
   performance of constant  
   speed IC Engines for  
   general purpose 
 
 IS:1601 Specification for perform-  
   ance of constant speed   
   IC Engines for general  
   Purpose 
 
 IS:1893 Criteria for earthquake 
   resistant design of  
   structures 
 
 IS1978-1971 Line Pipe API Standards 5L 
   April 1969. 
 
 IS:2254-1970 Dimensions of vertical IEC Pub 72-1 part I 
   shaft motor for pumps NEMA Pub MG 1   

   1954 
  
 IS:2266 Steel wire ropes for  BS :302 : 1968 
   general engineering   
   purposes 
 
 IS:2312 Propellant type 
   Ventilation fans 
 
 IS:2365 Steel wire suspension BS : 1957 
   ropes for lifts and   
   hoists  
 
 IS:3346 Method for the determin- DIN 52612 (Deutscher 
   ation of thermal  Normenausschuss) 
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   conductivity of thermal ASTM C 163-1964 
   insulation materials (American Society of  
   (two slab guarded  Testing and  
   hot plate method) materials) 
    ASTM C 167-1974 
    ASTM C 177-1963 
 
 IS:3354 Outline dimensions for   
   electric lifts. 
 
 IS:3401 Silica gel 
 
 IS:3588 Specification for electrical 
   axial flow fans 
 
 IS:3589 Electrically welded steel pipes  
   for water, gas and sewage  
   (200mm to 2000 mm Nominal  
   Diametre) 
 
 IS:3677 Unbonded rock and slag  
   wool for thermal  
   insulation 
 
 IS:3815 Point hook with shank BS 482 - 1968 
   for general engineering  Doc.:67/3 1284 
   purposes (Revision of BS 2903) 
    (Issued BS) 
  
 IS:3895 Specification for monocry- 
   stallines semiconductor  
   rectifier cells and stacks 
 
 IS:3963 Roof extractor unit 
 
 IS:3975 Mild steel wires, strips           
   and tapes for armouring  
   cables  
 
 IS:4503 Shell and tube type heat  
   Exchanger 
 
 
 
 IS:4540 Specification for monory- 
   stallines rectifire assembly  
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   equipment 
 
 IS:4671 Expanded polystyrene for 
   thermal insulation purpose 
 
 IS:4736 Hot dip zinc coating on  
   steel tubes 
  
 IS:4894 Centrifugal fans 
 
 IS:5456 Code of practice for testing  
   of positive displacement type  
   air compressors and exhauster  
   (For Test Tolerance Only) 
 
 IS:5749 Forged ramshorn hooks  Entwurf DIN 15402 
     Blett 1 
      Entwurf DIN 15402 
      BS 3017-1958 
 
 IS:6392 Steel pipe flanges  BS 4504 : 1969 
 
 IS:6524 Code of practice for  
 Part-I  design of tower cranes  
   Static and rail mounted BS 2799 : 1956 
  
 IS:7098 Cross linked Polyethylene Standard No. 1 to 
   insulated PVC sheathed IPCEA (USA) Pub. 
   cables No. 5-66-524 
 
 IS:7373 Specification for wrought  
   aluminium and aluminium  
   sheet and strips 
 
 IS:7938 Air receivers for compressed  
   air installation 
 
 ISO:1217 Displacement compressor-Acceplance test 
 
 ASHRAE-33 Methods of testing for rating of forced circulation air cooling 

and air heating coils. 
 
 ASHRAE-52-76 Air cleaning device used in general ventilation for removing 

particle matter. 
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 ASHRAE-22-72 Method of testing for rating of water cooled refrigerant 
condensers. 

 
 ASHRAE 23-67 Methods of testing for rating of positive displacement 

refrigerant compressors. 
 
 ARI-450-6 Standard for water cooled refrigerant condensers. 
 
 ARI-550 Standard for centrifugal water chilling packages. 
 
 ARI-410 Standard for forced circulation air cooling and air heating coils 
 
 ARI-430/435 Central station AHU/Application of Central Station AHU 
 BS:848 Fans 
 (Part-1,2) 
 
 BS:400 Low carbon steel cylinders for the storage & transport of  
   permanent gases. 
 
 BS:401 Low carbon steel cylinders for the storage & transport of  
   liquified gases. 
 CTI Code Acceptance test code for Water Cooling Tower. 
 ACT-105 
 
 ANSI-31.5 Refrigerant piping 
 
 ASME-PTC- Atmospheric Water Cooling Equipment 
 23-1958 
 
 AMCA A-21C Test Code for air moving devices 
 
 API:618 Reciprocating Compressor for general refinary services. 
 
 HYDRAULIC INSTITUTE STANDARDS. 

 HYDRANT SYSTEM MANUALS OF TAC. 

 TAC MANUALS OF SPRAY SYSTEM 

 NFPA USA/ NSC UK/ UL USA/ FM USA STANDARDS. 

 INDIAN EXPLOSIVES ACT. 

 INDIAN FACTORIES ACT. 

 STANDARD OF TUBULAR EXCHANGER MANUFACTURER'S ASSOCIATION. 
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 Miscellaneous 

IS:802 Code of practice for use of structural steel in  

(Relevant parts) overhead transmission line towers. 

IS:803 Code of practice for design, fabrication and erection of vertical 
mild steel cylindrically welded in storage tanks. 

IS:10430 Creteria for design of lined canals and liner for selection of type of 
lining. 

IS:11592 Code of practice for selection and design of belt conveyors. 

IS:12867 PVC handrails covers. 

CIRIA Design and construction of buried thin-wall pipes. 

Publication  

 REFERENCE CODES AND STANDARDS FOR CONTROL AND 
INSTRUMENTATION 

 The design, manufacture, inspection, testing & installation of all equipment and 
system covered under this specification shall conform to the latest editions of codes 
and standards mentioned below and all other applicable VDE, IEEE, ANSI, ASME, 
NEC, NEMA, ISA AND Indian Standards and their equivalents. 

 Temperature Measurements 

1. Instrument and apparatus for temperature measurement - ASME PTC 19.3 
(1974). 

2. Temperature measurement - Thermocouples ANSI MC 96.1 - 1982. 

3. Temperature measuremnet by electrical Resistance thermometers - IS:2806. 

4. Thermometer - element - Platinum resistance - IS:2848. 

Pressure Measurements 

1. a) Instruments and apparatus for pressure measurement - ASME PTC 
 19.2 (1964). 

 b) Electonic transmitters BS:6447. 

2. Bourdon tube pressure and vacuum gauges - IS:3624 - 1966. 

3. Process operated switch devices (Pr. Switch) BS-6134. 
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 Flow Measurements 

 Instruments and apparatus for flow measurements - ASME PTC 19.5 (1972) Interim 
supplement, Part-II. 

 Measurement of fluid flow in closed conduits - BS-1042. 

 Electronic Measuring Instrument & Control Hardware/ Software 

1. Automatic null balancing electrical measuring instruments - ANSI C 39.4 
(Rev. 1973): IS:9319. 

2. Safety requirements for electrical and electronic measuring and controling 
instrument - ANSI C 39.5 - 1974. 

3. Compatability of analog signals for electronic industrial process instruments - 
ISA - S 50.1 (1982) ANSI MC 12.1 - 1975. 

4. Dynamic response testing of process control instrumentation ISA - S 26 
(1968). 

5. Surge Withstand Capability (SWC) tests - ANSI C 37.90 a/IEEE-472 or 
suitable class of IEC-255-4 equivalent to ANSI C37.90a/IEEE-472. 

6. Printed circuit boards - IPC TM - 650, IEC 326 C. 

7. General requirement and tests for printed wiring boards - IS 7405 (Part-I) 
1973. 

8. Edge socket connectors - IEC 130-11. 

9. Requirements and methods of testing of wire wrap terminations DIN 41611 
Part-2. 

10. Dimensions of attachment plugs & receptacles - ANSI C 73 - 1973 
(Supplement ANSI C 73 a - 1980). 

11. Direct acting electrical indicating instrument - IS:1248 - 1968 (R). 

12. Standard Digital Interface for Programmable Instrumentation - IEEE-488.2  - 
1990. 

13. Information Processing Systems - Local Area Networks - Part 2 : Logical Link 
Control - IEEE-802.2 - 1989. 

14. Standard for Local Area Networks : Carrier Sense Multiple Access with 
Collision Detection - IEEE-802.3 - 1985. 

15. Supplements A, B, C and E to Carrier Sense Multiple Access with Collision 
Detection - IEEE-802.3 - 1988. 
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16. Standard for Local Area Networks : Token - Passing Bus Access Method - 
IEEE-802.4 - 1985. 

17. Standard for Local Area Networks : Token - Ring Access Method and 
Physical Layer Specification - IEEE-802.5 - 1985. 

18. IEEE Guide to Software Requirements Specifications - IEEE-830 - 1984. 

19. Hardware Testing of Digital Process Computers - ISA RP55.1 - 1983. 

20. Electromagnetic Susceptibility of Process Control Instrumentation - SAMA 
PMC 33.1 - 1978. 

21. Interface Between the Data Terminal Equipment and Data Circuit - 
Terminating Equipment Employing Serial Binary Data Interchange - EIA-232-
D-1987. 

22. Electromagnetic Compatibility for Industrial Process Measurement and 
Control Equipment, Part 3 : Radiated Electromagnetic Field Requirements - 
IEC 801-3-1984. 

Instrument Switches and Contact 

1. Contact rating - AC services NEMA ICS 2 - 1978 (with revision through May 
1983), Part - 2-125, A6000. 

2. Contact rating - DC services NEMA ICS 2-1978 Part-2 125, N600. 

Enclosures 

1. Type of Enclosures - NEMA ICS Part - 6 - 1978 (with Rev. 1 4/80) through 
110.22 (Type 4 to 13). 

2. Racks, panels and associated equipment - EIA : RS - 310 C- 1983 (ANSI C 
83.9 - 1972). 

3. Protection class for Enclosures, cabinets, control panels & desks - IS:2147 - 
1962. 

Apparatus, enclosures and installation practices in hazardous area 

 1. Classification of hazardous area - NFPA 70 - 1984, Article 500. 

 2. Electrical Instruments in hazardous dust location - ISA - 512.11, 1973. 

 3. Instrinsically safe apparatus - NFPA 493 1978. 

 4. Purged and pressurised enclosure for electrical equipment in hazardous 
location - NFPA 496-1982. 

 5. Enclosures for Industrial Controls and Systems - NEMA IS 1.1 - 1977. 
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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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BIDDER(S) TO CONSIDER FOR THE ITEMS IN THEIR SCOPE FOR THE GYPSUM
DEWATERING SYSTEM. ESPECIALLY CL 1.09.01 TO 1.09.05 AND OTHERS, AS
APPLICABLE
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1.00.00      SPECIFICATION OF SURFACE PREPARATION & PAINTING 

1.01.00        Surface preparation methods and paint/primer materials shall be of the type 
specified herein. If the contractor desires to use any paint/primer materials other 
than that specified, specific approval shall be obtained by the contractor in writing 
from the employer for using the substitute material. 

1.02.00         All paints shall be delivered to job site in manufacturers sealed containers. Each 
container shall be labelled by the manufacturer with the manufacturer’s name, type 
of paint, batch number and colour. 

1.03.00       Unless specified otherwise, paint shall not be applied to surfaces of insulation, 
surfaces of stainless steel/nickel/ copper/brass/ monel/ aluminum/ hastelloy/lead/ 
galvanized steel items, valve stem, pump rods, shafts, gauges, bearing and 
contact surfaces, lined or clad surfaces. 

1.04.00           All pipelines shall be Colour coded for identification as per the NTPC Colour-
coding scheme, which will be furnished to the contractor during detailed 
engineering. 

1.05.00 SURFACE PREPARATION 

1.05.01 All surfaces to be painted shall be thoroughly cleaned of oil. Grease and other 
foreign material. Surfaces shall be free of moisture and contamination from 
chemicals and solvents. 

 
1.05.02 The following surface preparation schemes are envisaged here. Depending upon 

requirement any one or a combination of these schemes may be used for surface 
preparation before application of primer. 
SP1  Solvent cleaning 
SP2  Application of rust converter (Ruskil or equivalent grade) 
SP3  Power tool cleaning 
SP4  Shot blasting (shot blasting shall be used as surface preparation 
   method for hot worked pipes prior to application of primer) 
SP4*  Shot blast cleaning/ abrasive blast cleaning to SA21/2 (near   white 
   metal) 35-50 microns 
SP5  Shot blasting/ abrasive blasting. 

SP6  Emery sheet cleaning/Manual wire brush cleaning. 

1.06.00           APPLICATION OF PRIMER/PAINT 

1.06.01     The paint/primer manuacturer’s instructions covering thinning, mixing, method of 
application, handling and drying time shall be strictly followed and considered as 
part of this specification. The Dry film thickness (DFT) of primer/paint shall be as 
specified herein. 

1.06.02       Surfaces prepared as per the surface preparation scheme indicated herein shall be 
applied with primer paint within 6 hours after preparation of surfaces. 

1.06.03       Where primer coat has been applied in the shop, the primer coat shall be carefully 
examined, cleaned and spot primed with one coat of the primer before applying 
intermediate and finish coats. When the primer coat has not been applied in the 
shop, primer coat shall be applied by brushing, rolling or spraying on the same day 

103 / 460



 
CLAUSE NO. 

 

TECHNICAL REQUIREMENTS 
 

 
EPC PACKAGE FOR  

PATRATU SUPER THERMAL POWER STATION 
EXPANSION PHASE–I (3X 800MW) 

TECHNICAL SPECIFICATIONS 
SECTION VI, PART-B 

BID DOC. NO. CS-9585-001-2   

SUB-SECTION - A-12 
SURFACE 

PREPARATION & 
PAINTING 

Page 2 of 9 

 

as the surface is prepared. Primer coat shall be applied prior to intermediate and 
finish coats. 

1.06.04     Steel surfaces that will be concealed by building walls shall be primed and finish 
painted before the floor is erected.Tops of structural steel members that will be 
covered by grating shall be primed and finish painted before the grating is 
permanently secured. 

1.06.05     Following are the Primer/painting schemes envisaged herein: 
PS3 - Zinc Chrome Primer (Alkyd base) by brush/Spray to IS104. 

PS3* - Zinc Chrome primer (Alkyd base) by dip coat. 
PS4 - Synthetic Enamel (long oil alkyd) to IS2932. 
PS5 - Red Oxide Zinc Phosphate primer (Alkyd base) to IS 12744 

PS9 - Aluminium paint to IS 2339. 
PS9* - Heat resistant Aluminium paint to IS-13183 Gr.-1 
PS13 - Rust preventive fluid by spray, dip or brush. 
PS14 - weldable primer-Deoxaluminate or equivalent. 
PS16 - High Build Epoxy CDC mastic `15’ . 
PS17 - Aliphatic Acrylic Polyurethane CDE134 ,%V=40.0(min.) 
PS18 - Epoxy based TiO2 pigmented coat 
PS19 - Epoxy Zinc rich primer (92% zinc in dry film (min.),  %VS=40.0(min.) 
PS-20   -            Epoxy based finish paint 

1.06.06     All weld edge preparation for site welding shall be applied with one coat of 
wieldable primer. 

1.06.07     For internal protection of pipes/tubes, VCI pellets shall be used at both ends after 
sponge testing and ends capped. VCI pellets shall not be used for SS components 
and composite assemblies. 

1.06.08     SG membrane walls and other Flue gas swept pressure part surfaces shall be 
applied with appropriate primer for protection of surfaces during transit, storage 
and erection. 

1.06.09 a) All un-insulated equipments, pipes, valves etc covered in sub-section A-08  
(Steam Turbine & Auxiliary system) shall be painted with paint not inferior to Epoxy 
resin based paints with minimum DFT of 150 micron. 

 The paint shall be applied in three stages i.e. primer, intermediate and finish coats 
in following manner: 

 
� Primer coat – Epoxy based zinc phosphate 
� Intermediate - Epoxy based TiO2 pigmented coat 
� Finish coat - Epoxy based finish coat 

b) Equipment, pipes etc. with high temperature shall be painted with heat resistant 
aluminum paint (to be selected based on the service condition of component as 
per IS-13183). Two coats of paint shall be applied with total DFT 40 micron. 

c) Surface preparation before painting shall be carried out according to 
requirement indicated in this sub-section and international standard 
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1.06.10       A) Specification for the application of Epoxy coating for internal protection of DM tank 
& other vessels/tanks (as applicable) shall be as follows: 
Primer : One coat of unmodified epoxy resin along with polymide hardener. 
Paint : Two (2) coats unmodified epoxy resin along with Aromatic adduct 

hardener. 
Total thickness of primer and paint should not be less than 400 microns. 

 B) Specification for application of chlorinated Rubber paint for external protection 
vessel, tanks, piping, valves & other equipments shall be as follows: 
i) For Indoor vessel, tanks, piping, valves & other equipments: 
 (a) Surface preparation shall be done either manually or by any other 

approved method. 
 (b) Primer coat shall consist of one coat of chlorinated rubber based zinc 

phosphate primer having minimum DFT of 50 microns. 
 (c) Intermediate coat (or under coat) shall consist of one coat of chlorinated 

rubber based paint pigmented with Titanium dioxide with minimum DFT 
of 50 microns. 

 (d) Top coat shall consist of one coat of chlorinated rubber paint of 
approved shade and colour with glossy finish and DFT of 50 microns. 

  Total DFT of paint system shall not be less than 150 microns. 
ii) For Outdoor vessel, tanks, piping, valves & other equipments: 
 (a Surface preparation shall be blast cleared using non-siliceous abrasive 

after usual wire brushing, which shall conform to Sa 2-1/2 Swiss 
Standard. 

 (b Primer coat shall consist of one coat of epoxy resin based zinc 
phosphate primer having minimum DFT of 100 microns. 

 (c) Intermediate coat (or under coat) shall consist of epoxy resin based paint 
pigmented with Titanium dioxide with minimum DFT of 100 microns. 

 (d Top coat shall consist of one coat of epoxy paint suitable pigmented of 
approved shade and colour with glossy finish and DFT of 75 microns. 
Additionally finishing coat of polyurethane of minimum DFT of 25 microns 
shall be provided. 

  The paint may be applied in one coat, in case high built paint is used, 
otherwise two coats shall be applied. 

  Total DFT shall not be less than 300 microns. 
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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 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  Contractor shall provide fully compatible electrical system, equipment, 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 contractors equipment and systems shall be under the 
contractor 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/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. 

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

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

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. 

 (c) For BFP motors, starting MVA shall be restricted to meet requirements 
indicated in B-0. 

 (d)  The starting current for the DC motors shall be restricted to 3 times of the full 
load current. 

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. 
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 41 deg.C over inlet cooling water maximum temperature of 39 deg.C for thermal 
class 90 (Y) wet wound Boiler circulation pump motor. 

6.00.00  OPERATIONAL REQUIREMENTS 

6.01.00  Starting Time 

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 full load torque. 

6.02.02  Pull out torque at rated voltage shall not be less than 205% of full load 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 

 Except AOP & JOP motors running on D.G emergency supply, starting voltage shall 
be 80%. 
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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 

 (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 & 3.3 kV  AC 
motors 

:     
Thermal class 155 (F) insulation.  
The winding insulation process shall be total 
Vacuum Pressure Impregnated i.e. resin poor 
method. The lightning Impulse & intertern 
insulation surge withstand level shall be as 
per IEC-60034 part-15. 
 
However winding insulation for wet wound 
Boiler circulation pump motor shall be thermal 
class 90 (Y) or better. 

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

: Thermal Class ( B ) or better 

7.04.00  Motors rated above 1000KW shall have insulated bearings to prevent flow of shaft 
currents. 
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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 85dB (A) except for BFP motor for 
which the maximum limit shall be 90 dB(A). Vibration shall be limited within the limits 
prescribed in IS/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 with 
adjustable alarm contact and preferably 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 KV motors shall be offered with dust tight phase separated double walled 
(metallic as well as insulated barrier) Terminal box. Suitable termination kit shall be 
provided for the offered Terminal box. The offered Terminal Box shall be 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 & center of 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, 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 and LT motors) to be intimated to the 
successful bidder during detailed engineering and the contractor shall provide 
terminal box suitable for the same. 
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8.00.00 The ratio of locked rotor KVA at rated voltage to rated KW shall not exceed the 
following (without any further tolerance) except for BFP motor. 

 (a) Below 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 

9.00.00 CW motor shall be designed with minimum power factor of 0.8 at design duty point. 

10.00.00  TYPE TEST 

10.01.00  HT MOTORS 

10.01.01  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 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 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. 

10.01.03 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. 

10.01.04 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 
out within last ten years from the date of bid opening. These reports should be for 
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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/ employer’s representative and submit the reports for approval. 

10.01.05 LIST OF TYPE TESTS TO BE CONDUCTED 

 The following type tests shall be conducted on each type and rating of HT 
motor 

 (a)  No load saturation and loss curves upto approximately 115% of rated voltage 

 (b) Measurement of noise at no load. 

 (c) Momentary excess torque test (subject to test bed constraint). 

 (d) Full load test (subject to test bed constraint) 

 (e) Temperature rise test at rated conditions. During heat run test, bearing 
temp., winding temp., coolant flow and its temp. shall also be measured. In 
case the temperature rise test is carried at load other than rated load, 
specific approval for the test method and procedure is required to be 
obtained. Wherever ETD's are provided, the temperature shall be measured 
by ETD's also for the record purpose. 

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 interturn insulation shall be as per clause no. 4.2 of 
IEC 60034, part-15 
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10.02.00 LT Motors 

10.02.01 LT Motors supplied shall be of type tested design. During detailed engineering, the 
contractor 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 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/ employer’s 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 50 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. 
 
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. Over speed test. 
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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. 

 

TABLE - I 

DIMENSIONS OF TERMINAL BOXES FOR LV MOTORS 

 Motor MCR in KW  Minimum distance between centre of  
         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  203 
 
 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: 
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  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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1.00.00  CODES AND STANDARDS 
 
1.01.00  All standards, specifications and codes of practice referred to herein shall be the latest 

editions including all applicable official amendments and revisions as on date of opening of 
bid. In case of conflict between this specification and those (IS codes, standards, etc.) 
referred to herein, the former shall prevail. All work shall be carried out as per the following 
standards/ codes as applicable . 

 
 IS:513 Cold rolled low carbon steel sheets and strips. 
 
 IS:802 Code  of practice for the use of Structural Steel in Overhead 

Transmission Line Towers. 
 
 IS:1079 Hot Rolled carbon steel sheet & strips 
 
 IS:1239 Mild steel tubes, tubulars and other wrought steel fIttings 
 
 IS:1255 Code of practice for installation and maintenance of power 

cables upto and including 33 KV rating 
 
 IS:1367 Part-13 Technical supply conditions for threaded Steel fasteners. (Hot 

dip galvanized coatings on threaded fasteners). 
 
 IS:2147 Degree of protection provided by enclosures for low voltage 

switchgear and control gear 
 
 IS:2309 Code of Practice for the protection of building and allied 

structures against lightning. 
 
 IS:2629 Recommended practice for hot dip galvanising of iron & steel 
 
 IS:2633 Method for testing uniformity of coating on zinc coated articles. 
 
 IS:3043 Code of practice for Earthing 
 
 IS:3063 Fasteners single coil rectangular section spring washers. 
 
 IS:6745 Methods for determination of mass of zinc coating on zinc coated 

iron & steel articles. 
 
 IS:8308 Compression type tubular in- line connectors for aluminium 

conductors of insulated cables 
 
 IS:8309 Compression type tubular terminal ends for aluminium 

conductors of insulated cables. 
 
 IS:9537 Conduits for electrical installation. 
 
 IS:9595 Metal - arc welding of carbon and carbon manganese steels -  

recommendations. 
 
 IS:13573 Joints and terminations for polymeric cables. 
 
 BS:476 Fire tests on building materials and structures 
 
 IEEE:80 IEEE guide for safety in AC substation grounding 
 
 IEEE:142 Grounding of Industrial & commercial power systems 

125 / 460



CLAUSE NO. 
TECHNICAL REQUIREMENTS 

�
�

EPC PACKAGE FOR  
PATRATU SUPER THERMAL POWER 

STATION EXPANSION PHASE–I (3X 800MW) 

TECHNICAL SPECIFICATIONS 
SECTION VI, PART-B 

BID DOC. NO.:CS- 9585-001-2 

SUB SECTION- B-09 
CABLING, EARTHING & 

LIGHTNING PROTECTION 
Page 

2 of 20 

�

 
 DIN  46267 (Part-II) Non tension proof compression joints for  Aluminium conductors. 
 
 DIN 46329 Cable lugs for compression connections, ring  type ,for 

Aluminium conductors 
 
 BS:6121 Specification for mechanical Cable glands for elastomers and 

plastic insulated cables. 
 
  Indian Electricity Act. 
 
  Indian Electricity Rules. 
 
1.02.00  Equipment complying with other internationally accepted standards such as IEC, BS, DIN, 

USA, VDE, NEMA etc. 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 of the standards alongwith copies of all official amendments and revisions in force 
as on date of opening of bid and shall clearly bring out the salient features for comparison. 

 
2.00.00  DESIGN AND CONSTRUCTIONAL FEATURE 
 
2.01.00  Inter Plant Cabling 
 
2.01.01  Interplant cabling for main routes shall be laid along overhead trestles/duct banks. Cables 

from main plant to switchyard control room shall be laid in overhead trestles or duct bank. In 
case of Duct banks, pull-pits shall be filled with sand and provided with a PCC covering. 
Directly burried cables, if essential ,shall not have concentration of more than 4 cables in 
one route. All buried cables, Cables for switchyard and CHP shall be armoured 

 
2.01.02  Transformer yard  
 
 In transformer yard cables shall be laid in overhead trestle. The main cable routes coming 

out from Main plant building and crossing the Transformer yard shall be laid in overhead 
trestles. In transformer yard, trestle height for rail/road crossing shall be suitable for 
movement of Generator Transformer with bushing. 

 
2.01.03  Trenches 
 
 PCC flooring of built up trenches shall be sloped for effective drainage with sump pits and 

sump pumps. 
 
2.01.04    No sub zero level cable vault/trenches shall be provided below control building/switchgear 

rooms in main plant. 
 
2.01.05 Cable Vault 
  
 Clear access passage of at least 750mm wide & 2.1 mt clear heights shall be provided at 

entrances and along the cable trays in cable vault. Wherever the passage is through cable 
routes & across the cable tray the clear height shall not be less than 1.5 mts. 

 
 Cable vaults shall be provided with adequate drainage facilities for drainage of fire water. 
 
 Each cable vault should have at least two doors. 
 
 Exit signs shall be provided near doors for personnel escape in case of emergency 
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2.01.06    Boiler Area 
 
 Two separate cable routes one on each side shall be provided for each boiler unit.  Cables 

for on set of auxiliaries such as ID, FD, PA fan & half of the coal mills shall be routed in one 
route & for other set of auxiliaries through other route. 

 
 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  Turbine Hall Area 
 a)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  
 
 In offsite pumphouses, overhead cable tray arrangement shall be followed. However cable 

trenches may be considered below switchgear/mcc. 
 Trestle In fuel oil pump house, overhead cable tray arrangement   shall be provided. RCC 

trenches provided in MCC room 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 

 
3.02.00  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. 

 
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 
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the Employer. The bidder shall submit the detailed drawings of the system offered by him 
alongwith the bid. 

 
3.03.04 FOR COAL HANDLING PLANT THE FOLLOWING SHALL ALSO BE APPLICABLE:�
�

� ���� 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. 
  
 
3.04.00  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. 
 
3.04.00  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. 
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                      (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 

 
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 
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sleeve and shall suit the type of terminals provided on the equipments. Cable lugs and 
ferrule shall conform to 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 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 inbuilt ELCB rated for suitable adjustable mA 
sensitivity ranging from 30-300 mA     

 
3.12.00  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 
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. 

                                                                                                                                                                                               
3.13.00  Galvanising 
 
3.13.01  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. 

 
3.13.02  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 
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3.14.00  Welding 
 
3.14.01  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 
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 
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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 
damage due to twist, kink or sharp bends. Cable ends shall be provided with sealed 
plastic caps to prevent damage and ingress of moisture. 

 
 b)  While laying cable, ground rollers shall be used at every 2 meter interval to avoid 

cable touching ground. The cables shall be pushed over the rollers by a gang of 
people positioned in between the rollers. Cables shall not be pulled from the end 
without having intermediate pushing arrangements. Pulling tension shall not exceed 
the values recommended by cable manufacturer. Selection of cable drums for each 
run shall be so planned so as to avoid using straight through joints. Care should be 
taken while laying the cables so as to avoid damage to cables. If any particular 
cable is damaged, the same shall be repaired or changed to the satisfaction of 
Project Manager. 

 
4.04.03 Cables shall be laid on cable trays strictly in line with cable schedule .�Where specific cable 

layouts are not shown on drawings, Contractor shall route these as directed by the Project 
Manager 
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4.04.04  Power and control cables shall be laid on separate tiers inline with the approved 
guidelines/drawings. The laying of different voltage grade cables shall be on different tiers 
according to the voltage grade of the cables. In horizontal tray stacks, H.T. cables shall be 
laid on top most tier and cables of subsequent lower voltage grades on lower tiers of trays. 
Single core cable in trefoil formation shall be laid with a distance of four times the diameter 
of cable between trefoil center lines and clamped at every two metre. All multicore cables 
shall be laid in touching formation. Power and control cables shall be secured fixed to 
trays/support with cable clamps/ties with self locking arrangement. For horizontal trays 
arrangements, multicore power cables and control cables shall be secured at every five 
meter interval. For vertical tray arrangement, individual multicore power cables and control 
cables shall be secured at every one meter. After completion of cable laying work in the 
particular vertical tray, all the control cables shall be binded to trays/supports by cable 
clamps/ties with self locking arrangement at every five meter interval and at every bend.  

 Fibre Optical cable shall be laid in trenches/trays or as decided by Employer. 
 
4.04.05  Bending radii for cables shall be as per manufacturer's recommendations and IS:1255. 
  
4.04.06 Where cables cross roads/rail tracks, the cables shall be laid in hume pipe/ HDPE pipe. 
 
4.04.07  No joints shall be allowed in trip circuits, protection circuits and CT/PT circuits. Also joints in 

critical equipment in main plant area shall not be permitted. Vendor shall identify and 
accordingly procure the cable drum length.  

 
4.04.08  In each cable run some extra length shall be kept at suitable point to enable one LT/two HT 

straight through joints to made, should the cable develop fault at a later stage. Control cable 
termination inside equipment enclosure shall have sufficient lengths so that shifting of 
termination in terminal blocks can be done without requiring any splicing. 

 
4.04.09 Wherever few cables are branching out from main trunk route troughs shall be used. 
 
4.04.10 Wind loading shall be considered for designing support as well Cable trays wherever 

required. 
�
4.04.11 Where there is a considerable risk of steam, hot oil or mechanical damage cable routes 

shall be protected by barriers or enclosures. 
 
4.04.12 The installation work shall be carried out in a neat workman like manner & areas of work 

shall be cleaned of all scraps, water, etc. after the completion of work in each area every 
day. Contractor shall replace RCC/Steel trench covers after the Installation work in that 
particular area is completed or when further work is not likely to be taken up for some time. 
 

4.04.13  Separation 
 
 At least 300mm clearance shall be provided between: 
 
 -  HT power & LT power cables, 
 
 -  LT power & LT control/instrumentation cables, 
 
4.04.14  Segregation 
  
 1)  Segregation means physical  isolation to prevent fire jumping. 
 
 2)  All cables associated with the unit shall be segregated from cables of other units. 
 
 3) Interplant cables of station auxiliaries and unit critical drives shall be segregated in 

such a way that not more than half of the drives are lost in case of single incident of 
fire. Power and control cables for AC drives and corresponding emergency AC or 
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DC drives shall be laid in segregated routes. Cable routes for one set of auxiliaries 
of same unit shall be segregated from the other set. 

 
 4) In switchyard, control cables of each bay shall be laid on separate racks/trays. 
 
4.04.15  Minimum number of spare cores required to be left for interconnection in control cables shall 

be as follows: 
 
 Minimum number of spare cores required to be left for interconnection in control cables shall 

be as follows: 
 
  No. of cores in cable No. of spare cores 
 
  2C,3C NIL 

  5C 1 

  7C-10C 2 

  14C and above 3 
 
 
4.04.16  Directly Buried Cables 
 
 a) Cable trenches shall be constructed for directly buried cables. Construction of cable 

trench for cables shall include excavation, preparation of sieved sand bedding, 
riddled soil cover, supply and installation of  brick or concrete protective covers, 
back filling and compacting, supply and installation of route markers and joint 
markers. Laying of cables and providing protective covering shall be as per IS:1255 
and the enclosed drawings showing cabling details. 

 
 b) RCC cable route and RCC joint markers shall be provided wherever required. The 

voltage grade of the higher voltage cables in route shall be engraved on the marker. 
Location of underground cable joints shall be indicated with cable marker with an 
additional inscription "Cable Joint". The marker shall project 150 mm above ground 
and shall be spaced at an interval of 30 meters and at every change in direction. 
They shall be located on both sides of road crossings and drain crossings. Top of 
cable marker/joint marker shall be sloped to avoid accumulation of water/dust on 
marker. 

 
4.04.17  Cable tags shall be provided on all cables at each end (just before entering the equipment 

enclosure), on both sides of a wall or floor crossing, on each duct/conduit entry, and at 
every 20 meters in cable tray/trench runs. Cable tags shall also be provided inside the 
switchgear, motor control centers, control and relay panels etc. where a number of cables 
enter together through a gland plate. Cable tag shall be of rectangular shape for power 
cables and control cables. Cable tag shall be of 2 mm thick aluminum with number punched 
on it and securely attached to the cable by not less than two turns of 20 SWG GI wire 
conforming to IS:280. Alternatively, the Contractor may also provide cable tags made of 
nylon, cable marking ties with cable number heat stamped on the cable tags. The cable tag 
requirements mentioned above shall prevail over Tag requirements mentioned elsewhere in 
this document for HT power, LT power & control cables. 

 
4.04.18  While crossing the floors, unarmoured cables shall be protected in conduits upto a height of 

500 mm from floor level if not laid in tray. 
 
4.05.00  Cable Terminations & Connections 
 
4.05.01  The termination and connection of cables shall be done strictly in accordance with cable 

termination kit manufacturer'' instructions, drawings and/or as directed by Project Manager. 
Cable jointer shall be qualified to carryout satisfactory cable jointing/termination. Contractor 
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shall furnish for review documentary evidence/experience reports of the jointers to be 
deployed at site. 

 
4.05.02  Work shall include all clamps, fittings etc. and clamping, fitting, fixing, plumbing, soldering, 

drilling, cutting, taping, preparation of cable end, crimping of lug, insulated sleeving over 
control cable lugs, heat shrinking (where applicable), connecting to cable terminal, shorting 
and grounding as required to complete the job to the satisfaction of the Project Manager. 

 
4.05.03 The equipment will be generally provided with undrilled gland plates for cables/conduit 

entry. The Contractor shall be responsible for punching of gland plates, painting and 
touching up. Holes shall not be made by gas cutting. The holes shall be true in shape. All 
cable entry points shall be sealed and made vermin and dust proof. Unused openings shall 
be effectively sealed by 2mm thick aluminium sheets. 

 
4.05.04  Control cable cores entering control panel/switchgear/MCC/miscellaneous panels shall be 

neatly bunched, clamped and tied with self locking type nylon cable ties with de interlocking 
facility to keep them in position. 

4.05.05  All the cores of the control cable to be terminated shall have identification by providing 
ferrules at either end of the core, each ferrule shall be indelible, printed single tube ferrule 
and shall include the complete wire number and TB number as per the drawings. The ferrule 
shall fit tightly on the core. Spare cores shall have similar ferrules with suffix sp1, sp2, ---etc 
along with cable numbers and coiled up after end sealing. 

  
4.05.06  All cable terminations shall be appropriately tightened to ensure secure and reliable 

connections. 
 
5.00.00  EARTHING SYSTEM 
 
5.01.00  Earthing system shall be in strict accordance with IS:3043 and Indian Electricity Rules/Acts. 
 
 Earthing system network/earthmat shall be interconnected mesh of mild steel rods buried in 

ground in the plant. All off-site areas shall be interconnected together by minimum two 
parallel conductors. The Contractor shall furnish the detailed design and calculations for 
Employer's approval. Contractor shall obtain all necessary statutory approvals for the 
system. 

 
5.02.00  The earth conductors shall be free from pitting, laminations, rust, scale and other electrical, 

mechanical defects 
 
5.03.00  The material of the earthing conductors shall be as follows : 
   
 1)  Conductors above ground level - Galvanized steel 
  and in built  up trenches.   
   
  2)    Conductors buried in earth - Mild steel 
   
  3)     Earth electrodes - Mild steel rod 
 
5.04.00  The sizes of earthing conductors for various electrical equipments shall be as below: 
   
 Equipment Earth Earth conductor above   
   conductor  ground level &  in built- 
   buried in  up trenches 
   earth 
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SECTION                    D 
 
REV   NO.   00                DATE       30.05.2018 
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1.0 Design ambient temperature   : 50 oC 
 
2.0 Maximum acceptable kW rating of LV motor : ���0KW  
 
3.0 Installation (Indoors/ Outdoors)  : As required 
 
4.0 Degree Of Protection (Indoor/Outdoor)         : IP54/IP55 
 
5.0 Type of Cooling                                           : TEFC/CACA/TETV 
  
6.0 Details of supply system 
 
 a) Rated voltage (with variation)  : 415V � 10% 
 b) Rated frequency (with variation) : 50 Hz (Variation: +3% TO �5%) 
 c) Combined voltage & freq. variation : 10%  
 d) System fault level at rated voltage : 50 kA for 1 sec  

e) Short time rating for terminal  boxes  
� 110kW & Above                     : 50 kA for 1 sec 

(Breaker controlled) 
 

� Below 110kW (SFU+             :           50 KA for 0.20 sec. 
Contactor controlled) 

 f) LV System grounding   : Solidly 
 
7.0 Class of insulation    : Refer clause 7.03.00 of Customer Motor 
        Specification                                                       
8.0 Minimum voltage for starting   : Refer clause 6.03.00 of Customer Motor  

(As percentage of rated voltage)   Specification     
 
9.0 Power cables data    : Shall be given during Detailed engg. 
 
10.0 Earth Conductor Size & Material  : Shall be given during Detailed engg. 
 
11.0 Space heater supply    : �����Z�}��Z 50 Hz  
 
12.0 Rating up to which Single phase motor : Acceptable upto 0.20  kW 
 
13.0 Tests                           : As per Customer motor spec. (enclosed)

  
           14.0      Energy efficient/ Flame proof motor             :          As per Customer spec. requirement 
 

 
 
� ���������������������������������������� ���������������!�������"��#��#��������������!���
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CHAPTER-11 

FUEL OIL 

  PAGE 
 4 OF 4 

 ------------------------------------------------------------------------------------------------------------ 
  ITEM  QUANTITY 
 ------------------------------------------------------------------------------------------------------------
 5 Filter Regulator 20%  or 2 nos. of each type,  

make and model whichever is 
more 

2.03.00 ELECTRICAL ACTUATORS

 1 Actuators 10% (or) 1 no. of each  
    type, model and rating, 
     whichever is more. 
 Note :

 One (1) set means total numbers as required for one complete replacement for one 
equipment.
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PART-II 

TECHNICAL INFORMATION AND DATA TO BE 
SUBMITTED AFTER AWARD OF CONTRACT

DE-1A HT MOTORS  

A. GENERAL  

5.  Manufacturer & Country of origin.(Shall be as per 
approved QA make) 

6.  Equipment driven by motor  

7.  Motor type   

8.  Quantity  

B. DESIGN AND PERFORMANCE DATA  

17.  Frame size   

18.  Type of duty   

19.  Type of enclosure /Method of cooling/ Degree of  

20.  Applicable standards to which motor generally  

21.  (a)Whether motor is flame proof Yes/No 

 (b)If yes, the gas group to which it conforms as per  
IS:2148

22.  Type of mounting  

23.  Direction of rotation as viewed from DE END 

24.  Standard continuous rating at 40 deg.C. ambient 
temp. as per Indian Standard (KW) 

25.  Derated rating for specified normal condition  i.e. 50 
deg. C ambient temperature (KW) 

26.  Maximum continuous load demand at design duty 
point of driven equipment in KW 

27.  Rated Voltage (volts)  

28.  Permissible variation of :  

d. Voltage (Volts)  

e. Frequency (Hz)  

FOR PARAMETERS FOR HT MOTOR VENDOR TO FOLLOW "SUB–SECTION –B-07 MOTORS" ATTACHED WITH THIS SPECIFICATION
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f. Combined voltage and frequency  

29.  Rated speed at rated voltage and frequency  

30.  At rated Voltage and frequency:  

c. Full load current      

d. No load current  

31.  Power Factor at  

d. 100% load  

e. NO load  

f. Starting.  

32.  Efficiency at rated voltage and frequency  

d. 100% load  

e. 75% load  

f. 50% load  

33.  Starting current (amps) at  

a. 100 % voltage  

b. 85% voltage  

c. 80% voltage  

34.  Minimum permissible starting Voltage (Volts)  

35.  Starting time with minimum permissible voltage   

a. Without driven equipment coupled  

b. With driven equipment coupled  

36.  Safe stall time with 100% and 110% of rated voltage  

a.  From hot condition  

b.  From cold condition  

37.  Torques :    

a. Starting torque at min. permissible voltage(kg-mtr.)  

b. Pull up torque at  rated voltage.  

c. Pull out torque   

d. Min  accelerating torque (kg.m) available  
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e. Rated torque (kg.m)   

38.  Stator winding resistance per phase (ohms at 20 
Deg.C.)

39. GD2 value of motors

40.  No of permissible successive starts when motor is  in  

41.  Locked Rotor KVA Input   

42.  Locked Rotor KVA/KW   

43.  Vibration limit   

a. Velocity (mm/s)  

b. Displacement (microns)  

44.  Noise level limit (dBA)   

C. CONSTRUCTIONAL FEATURES  

1.   Stator winding insulation  

 a.   Class & Type  

 b.    Winding Insulation Process shall be VPI  Yes/No 

 c.   Tropicalised (Yes/No)  

 d.   Temperature rise over specified max.  

       i. Cold water temperature of 38 DEG. C.  

       ii. Ambient Air 50 DEG. C.  

 e.   Method of temperature measurement  

 f.  Stator winding connection  

 g.    Number of terminals brought out  

2.  Type of terminal box for following:  

 a.   Stator leads   

 b.   Space heater  

 c.    Temperature detectors(RTDs,BTDs)  

 d.    Instrument switch etc.  

3.    Bearing  

 a.  Type DE/NDE  

 b.  Manufacturer  
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 c. Self Lubricated or forced Lubricated  

 d.  Recommended lubricant  

 e.  Oil quantity  

 f.  Max cold oil temp. to bearing  

 g.  Guaranteed life in Hrs  

 h.  Lubrication type  

4.  Oil pressure gauge/ switch  

 a. Range  

 b. Contact Nos. & ratings  

   c.  Accuracy  

5.  Type of cooler (CACA/CACW)/ Number  

6.  Cooling water requirements  

 a. Quantity required  

 b. Maximum permissible inlet water temp. in deg.C  

 c. Pressure of water at inlet to coolers  

 d. Outlet temperature of water at full load   

 e. Cold air temp. at outlet  

7.  Paint shade   

8.  Max.  permissible temperature  of rotor  (deg.C)  

9.  Temp. Rise of rotor during 1st start (deg.C)  

10.  Temp. rise of rotor during 2nd start (deg.C)  

11.  Surge withstand voltage (stator winding) as per IEC-  

  a.   Lightning impulse withstand level (1.2/50 micro 
sec surge)(KVp) 

  b.   Interturn insulation surge withstand level (KVp)  

12.  Weight of  

       a.  Motor stator (KG)  

       b.  Motor Rotor (KG)  

       c.  Total weight (KG)  
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D. List of accessories.  

1.  RTDs for 
winding(Type/Nos/Leads/Location/make/Res.at 0 
Deg.C)

 

2.  RTDs for bearing(Type/Nos/Leads 
location/make/Res.at 0 Deg.C)

 

3.  RTDs for Hot Air (Type/No/Leads)  

4.  RTDs for Cold Air (Type/No./Leads)  

5.  Space Heaters  

 i) Nos.  

 ii) Total Power (Watts)  

 iii) Supply Voltage  

6.  Stator Terminal Box  

 i)  Type  

 ii) Fault Level (MVA)/Fault Level duration (secs)  

          iii) Location(viewed from NDE side)  

          iv) Entry of cables (bottom/side)  

 v) Recommended cable size(To be matched with 
cable size envisaged by owner) 

 

7.  Cable glands & lugs details (shall be suitable for 
power cable) 

 

8.  Neutral Terminal box Type  

9.  Current Transformer  

 i) Nos.  

 ii) Ratio  

 iii) Accuracy Class  

 iv) Knee Point Voltage-Vk (Volts)  

 v)Exciting Current  

 vi) Max Secondary Resistance  
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10.  Dial Type Thermometer   

 i)   For Bearings (Nos.)  

 ii)  For Air Temp (Nos.)  

a. Hot Air
     b. Cold Air  

 iii) Contact Rating  

 iv)  Range  

  v)   Supply Votlage  

11.   Rotor Terminal Box  

12.  TBs for RTDs. BTDs & Space Heater (Yes/No)  

13.  Sole Plate (Yes/No)  

14.  Foundation & Anchoring bolts (Yes/No)  

15.  Base Frame (Yes/No)  

16.  Speed switch (Yes/No)  

 i)  No of contacts  and contact ratings of speed  

17.  Insulation of bearing (Yes/No)  

18.  Forced oil lubrication (Yes/No)  

19.  Oil level indicator (Yes/No)  

20.  Noise reducer(Yes/No)  

21.  Flow switch for CACW motor (Quantity)  

 i)  No of contacts  and contact ratings  

22.  Water leakage detector  

       i)  No of contacts  and contact ratings  

23.  Grounding pads  

 i) No and  size on motor body  

 ii) Nos on terminal Box  

24.  Vibration pads  

 i) Nos and  size   

 ii) Location  
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25.  Any other fitments  

E. List of curves.  
1.  Torque speed characteristic of the motor  

2.  Calibration characteristic of platinum type resistance  
temperature detector

3.  Calibration characteristic of platinum BTD  

4.  Thermal withstand characteristic  

5.  Starting. current Vs. Time   

6.  Starting. current Vs speed   

7.  Neg. sequence current vs Time..  

8.  P.F. and Effi. Vs Load  
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DE-1B LT MOTORS  

A. GENERAL  

5.  Manufacturer & Country of origin. (Shall be as per 
approved QA make)

 

6.  Equipment driven by motor  

7.  Motor type   

8.  Quantity  

B. DESIGN AND PERFORMANCE DATA  

18.  Frame size   

19.  Type of duty   

20.  Type of enclosure /Method of cooling/ Degree of  

21.  Applicable standard to which motor generally  

22.  Efficiency class as per IS 12615  

23.  (a)Whether motor is flame proof Yes/No 

 (b)If yes, the gas group to which it conforms as 
per  IS:2148  

 

24.  Type of mounting  

25.  Direction of rotation as viewed from DE END  

26.  Standard continuous rating at 40 deg.C. ambient 
temp. as per Indian Standard (KW)

 

27.  Derated rating for specified normal condition  i.e. 
50 deg. C ambient temperature (KW) 

 

28.  Maximum continuous load demand of driven  

29.  Rated Voltage (volts)  

30.  Permissible variation of :  

 a. Voltage (Volts)  

 b. Frequency (Hz)  

 c. Combined voltage and frequency  

31.  Rated speed at rated voltage and  

32.  At rated Voltage and frequency:  

 a. Full load current      
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 b. No load current  

33.  Power Factor at  

 a. 100% load  

 b. NO load  

 c. Starting.  

34.  Efficiency at rated voltage and frequrecy,   

 a.100% load  

 b. 75% load  

 c. 50% load  

35.  Starting current (amps) at  

 a. 100 % voltage  

 b. 85% voltage  

 c. 80% voltage  

36.  Minimum permissible starting Voltage (Volts)  

37.  Starting time with minimum permissible voltage   

 a. Without driven equipment coupled  

 b. With driven equipment coupled  

38.  Safe stall time with 100% and 110% of rated  

  a. From hot condition  

  b. From cold condition  

39.  Torques :    

 a. Starting torque at min. permissible voltage(kg-  

 b. Pull up torque at  rated voltage.  

 c. Pull out torque   

 d. Min  accelerating torque (kg.m) available  

 e.Rated torque (kg.m)   

40.  Stator winding resistance per phase (ohms at 20  

41.  
GD2 value of motors  
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42.  No of permissible successive starts when motor is  
in hot condition 

 

43.  Locked Rotor KVA Input   

44.  Locked Rotor KVA/KW   

45.  Vibration limit :Velocity (mm/s)  

46.  Noise level limit (dBA)   

C. CONSTRUCTIONAL FEATURES  

1.  Stator winding insulation  

 a. Class & Type  

 b. Winding Insulation Process    

 c. Tropicalised (Yes/No)  

 d. Temperature rise over specified maximum 
ambient  temperature of 50 deg C 

 

 e. Method of temperature measurement  

 f.  Stator winding connection  

2.  Main Terminal Box  

 a. Type  

 b. Location(viewed from NDE side)  

 c. Entry of cables(bottom/side)  

 d. Recommended cable size(To be matched with 
cable size envisaged by owner) 

 

 e. Fault level (MVA),Fault level duration(sec)  

 f. Cable glands & lugs details (shall be suitable for  

3.  Type of DE/NDE Bearing  

4.  Motor Paint shade   

5.  Weight of  

 a.  Motor stator (KG)  

 b.  Motor Rotor (KG)  

 c.  Total weight (KG)  

D. List of accessories.  
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1. 3
. 

Space Heaters  (Applicable for 30 KW & above 
motor) (Nos./Power in watts/supply voltage) 

 

2.  Terminal Box for Space Heater (Yes/No)  

3.  Speed switch (Yes/No)  

4.  Insulation of bearing (Yes/No)  

5.  Noise reducer(Yes/No)  

6.  Grounding pads  

      i) No and  size on motor body  

      ii) Nos on terminal Box  

7.  Vibration pads  

     i) Nos and  size   

     ii) Location  

8.  Any other fitments  

E.  List of curves.  

1.  Torque speed characteristic of the motor  

2.  Thermal withstand characteristic  

3.  Starting. current Vs. Time   

4.  Starting. current Vs speed   

5.  P.F. and Effi. Vs Load  

F. Additional Data to be filled for each rating of 
DC Motor 

 

1. Rated armature voltage (Volt)  

2. Rated field excitation (Amp)  

3. Permissible % variation in voltage  

4. Minimum Permissible Starting voltage (volt)   

5. At rated voltage  

 i)Full load Armature current.(Amp)  

 ii)Full load Field current (Amp)  
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 iii)No load Armature current (Amp)  

6. Full load Field current (Amp)  

7. No load Aramature current (Amp)  

8. Minimum permissible field current(Amp) to avoid  

 i) Maximum permissible voltage  

 ii) Rated voltage  

 iii) Minimum Permissible Voltage  

9. Resistance (indicative Values) in ohm  

 i)Armature winding(Arm + IP + Series) at 25  

 ii) Field Winding at 25 deg. C  

10.. Inductance (indicative values)  

 i) Armature winding  

 ii) Field winding  

11 Value of trimmer resistance (ohm) to be 
connected in series with  the shunt field to 

 

 i) 220 V DC  

 ii) 250 V DC  

 iii) 187 V  DC  

12 Value of the external resistance (ohm)required to 
be connected in series with armature during 
starting only 

 

13 Technical data sheet for external resistance box  

14 GA drawing of motor  

15 Starting time calculation  

16 Starter resistance design calculation  

17 Electrical connection diagram of motor  
 
 
 
 
 
 
 

 

175 / 460



� �
�
�

���������	
��
����	���
�

��	������
���������������
�

�	�
��������	����������
�@�?��	������A�

�	������
���������	����������� �
�� �
�������������
�$����������������
��!"���� �
�

�

�

�
�
�

� � �
�
�
�
�
�
�
�

�����������
�

�$��������������
�

�������
���	������
�����@�?��	������A�
�
�

176 / 460



� �

����|�������������������������
��	���������
�

�
�
�_��{>�Y��|�
�

�
�

���"�������)�����������*�
�
%������#�	������%��������

�

�



�

�
�
�
�
�
�
�
�
�

���������#�����������������
����

%������#�	������%��������
�
��

�

�

�

����|�������������������������
��	���������
�

X_�L� ��;�

�>����>Y�|@|� �}~X� �~�

;_����>����J� X��_Y�����J������ ���X� ���

177 / 460

��



� �
*������������������

%������#�	������%��������

�
�_��{>�Y��|�
�����_��{>�Y���{�
�

�
�
�

�
�
�
�
�
�
�
�
�

�
*������������������

%������#�	������%��������
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

178 / 460



� �
*������������������

%������#�	������%��������

�
�_��{>�Y��|�
�����_��{>�Y���{�
�

�
�

{�X_��

�
�
�
�
�
�
�

����;�� �	���������

J� �{��_��}__��

�� {�X_���}__��

@� ��{���_�{={���_�}�{����;_��{;_�_�����

|� L_�_;����_�}�{������_�{={���{>��

�� �{���>=�X>���_���?X_�{�_;���_��

�� �_���;{�L�{���;��_������;{��;�����_�>�X�;�#�

�� X�����}__���=>;��>�>;{�_X�����_�������>;�

�� �{L���_��}��L_��_��__��X;{�_����X���

�� X;{�_���X�{���;��_���{��_;=��_�X{�L;���

J�� {���;��_�������_�{��_;�>��_��{>����X��_;�{���{>��
�}{�>�>�}��

JJ� ����{�������;���_�

J�� ���_��_���;_��{;_�_���

J@� {���;��_��������X_��{���

J|� {���;��_���{��������{>��X;��{�L�

J�� �����_�X>;��{���

J�� =>;����=>;��;>�_��_����_;�{={���_�

179 / 460



� �
*������������������

%������#�	������%��������

�
�_��{>�Y��|�
�����_��{>�Y���{�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

*�����������"�������)���������

����#������#�
%������#�	������%��������

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�

180 / 460



� �
*������������������

%������#�	������%��������

�
�_��{>�Y��|�
�����_��{>�Y���{�
�

�
�

�+,-./.-��,-01.-23��,45.6,7,189��*�
��
�

��� E;$/F��)1=,%1'.�E�/;/%1��GE)/�����������(��������8�(&�)�/�G*�1"H����(�����

�

��� %����(������(����������(6�����(&������.�����&������(��8(���(���(�7�&(���(���������(������(��

(8� ������� E)/� �:����� &��#��� ��� *�1"I�� ��(��� ��� $+.)� ��������� ��� �����8�����(��� %���

��J����&����� ��6��� ���� �(� ��� ����� ��� �(�������(�� @���� ��������� %��������� �����8�����(��

����(���� ��� ���������8�����(���<������� ��������(8�������������������� ������J����&����@������

���� ��&�� �����(���(������� ����������� ��� ���� �����8�����(�7� ���� ��&��@���������(����� �(� ����

�(�����(8�*�1"��������8(�&�(8����0����������8�����(���.����������(8��������0���������8�����(�7�

���� &(��� ���������� ��J����&���� ������� ������������(��(8� ����(&��� ���������6����@���(��� ����

�(&&��������&�������(���

�

��� %��� &�#�!&(���� (8� 6���(��� ������&����!���&�!�����&�� ������ ��� ��� ���� �%$�� ����(6���

6���(�� �������(� �(&&������� ���� ����6���� �&�������(�� ��� ����� ������� ��������� ������������ .��

����� (8� ���� �(�8����� ���� ��������(�� (8� �������� ��� ���� �����8�����(�7� ���� &(��� ����������

��J����&������&(������&������(�����(&������@�����

�

��� ,���������&����������(���(�����&�����������������&�������(��K*!"�$����8������K*!"�$�������

������I����(���8(��������I�����������������&�����������*�1"I����(���8(��*�1"I�����������

������&�������&���� (8� K�����(�� *(:��� ������ ��� ��88������� ���� �(����(���� ��� ���� 8����� �(�

&���&�9���(������������G&�:���0���&�������������#��������

�

��� <(�� ������ ��(��� ��8��� �(� ����������� ��(��� ���@���� *�1"� ���� 6���(�� ��8����� ��� �����������

�����8�����(���

�

	�� *�������(���(6����&�����(�����������������&�����(����������������

�


�� �1����������,�����(���@���� ��������� �������� �����������(6����� 8(�� ����(�!(88� ���� �������� �����

6��6�����(���@�������������������8����������8(�����#�����(��(�����(�������(���(��/����&����

����������7����������((#0���������&�(8����6���������������8(����8��������

�

��� %��� �����8�����(��� 8(�� ������&����� &����(���� ��� ���� �����8�����(�� ���� &���&�&�

��J����&������%���������������8�����(������������8�����9������������������������������

�

��� %��� �������� ������ �����8������� &����(�� ���� ��6����(�� ����� @(���� ��#�� �(� ��#�� (�� ���� �+.�

�����8�����(���.����������(8�(������6����(�7����(���6����(�������8����������(����8����������

�

���%���J��������(8�������&�����8(�����������&������������������������$�+.)�@����6�����(6�����

(8� ���� ��������6�� �����&� ��� �� &���&�&7� 8(�� �������� ����(���� �(@�6��7� *������ ������ ���(�

�����������������(�(������������������&�����������6���������������������8(�������(&����������

(8� ���� ������ ��:������� �����&!� �J���&���� ��������� ��� ���� ������7� �6��� �8� ���� ��&�� ��� �(��

�����8������������������������$�+�.)��)��������������������������8�����������(����������&�����

������J������8(����8��+����������(������(��(8������7���������������������������&��@���(�������

�������&�������(���

�

����*�������(���(6���������!(����������7����6�������7�������(���(:�����������������&�����(���������7�

���(&&�������(���(���(�����!�@����0�����������������(8��(��&������(�������&�������8�����@����

(8��(�����������(������8�����������������

�

181 / 460



� �
*������������������

%������#�	������%��������

�
�_��{>�Y��|�
�����_��{>�Y���{�
�

�
����,������������&�������������������*������������������#�&(�������%��������&���������#�����������

���*�����H����(���(8���������,��������&�����������������,'%��(&���������

�

����*������ �(� ���8(�&� ������ (8� �+.� ���&�!������&����!�����&�� ��� ���� ?������� �����!����� �����

��������� ��� ���� �����8�����(��� �(@�6��7� �8� ���� ����� �(�� �����8���� ��� ���� J������� ����� ����

�����8������������8�����(��%�����8(��.+���J���&�����������������@�������������8�����(��@����

��6�� �(� ���8(�&� ��� *������ @���(��� ���� �(��� �&�������(��� %��� &�#�!&(���� (8� 6���(���

������&����!���&�!�����&�� ������ ��� ��� ���� ����(&��!*�1"� ����(6��� 6���(�� ������ � �(�

�(&&������� ���� ����6���� �&�������(�� ��� ����� ������� ������ ��� ������������ .�� ����� (8� ����

�(�8�����������������(��(8���������������������8�����(�7�����&(���������������J����&������&(���

���&������(�����(&������@������

�

���� .�����&��������������(������������(�������J������8(��������&��������������*�����H����(�������

��������� ���&������ �8���� �@���� (8� �(�������� �(@�6��7� ���� ������&���!� ��������� ����������(��

�(�� �(6����� ��� ���� ��&�� ��������� �������� �(� ����(&��� ���� *�1"� ����(6��� ������� ���������

�������������

�

����,���%�&�������������(������������)����:������������&��������������&�����������������(6�����

8(��������&���������&������&�������������(����*�������(���(6������&��������������&�����7�

K*!'��#�+�(�����������(������@�����

�

�	��*������ �(���(6������&�������������(����(���@���� ��&��������������&������8(���%����6��������

$�&�������(�(��8(��*'E�����@���������&��&������&�����

�

�
��3������(�� �(���(����� /����&7� ��� ��6������� 8(�� �%� �(�(�7� @����� ��� ��� *�1"� ��(����

�(@�6��7� 8(�� &(������� (8� 6������(�� ����(��!��(��7� 6���(�� �(� ��(6���� 6������(�� ���� G(8�

��&����(�� (8� �&&�:� �&&� :� �&&� ������ 8(�� &(������� (8� ����(��� ���� ���(���!��(�� 8(��

&(�������(8�#�������(����

�

����*�������(���(6����<�(@�&�����������6�������������8(���������6�����(�����(�7�@��������������

�������� ��� *�1"!����(&��� ������� ������� ������������� *������ �(� �(&���� ���� ��J����&����

@���(��������(&&��������&�������(���

�

����*������ �(� 8������� ����������� �(��!F$/� �(��� ����� ������� ��������� ������������� F$/� $(@���

������� ������ ��� ��(6����� ��� *�1"� ��� �� ������� �(���7� 8������� ����������(�� �(� 6���(���

������&����!�J���&����(8� ���������&���������� ������������(����*������ �(� ������������������

�(@�������������(���(�������������(����,����(@����������(����������������(6�7��8���J���������

���� ������&���!�J���&���� ���� �(� ��� ����6��� ��� ���� ������� 8�(&� ���� ��(6�� ������� +� ����

���������� ����@���� 8(�� ���� ��&�� ������ ��� ��� ������� ��(���� *������ �(� ���&��� ���� �(@���

��J����&������(���@�������������

�

��� .����8����(8����7��%�/=E'7�/(���(���6��6��7�8�����������&����7�,�����(��������@����

))��./��������(���(�������&�����������������)��6���(���(��$���(�(��������(�������

�����8�����(���

�

����"(�����(���(���������8�������J������8(��(������(�����������������������(����

�

����%��� �(���(��� (�������� 6��6��!)�&����!E���� ������ ��6�� �� ��&��� �@����� 8(�� (���!��(���

8������#��/(���(���3��6�����������������8(����3�)��(�����

�

182 / 460



� �
*������������������

%������#�	������%��������

�
�_��{>�Y��|�
�����_��{>�Y���{�
�

�
����,���8�����������&���������(��������������.$	���(���������!������������(��������������.$���7�

�������(����@���������8�����

�

����)�������&�����������������(6�����@����.�����&�������6�����(������@�����(��(��6��&������

�

����'����������(8�����(��������������(6���������������

�

G���%�����������������8(������,���(����������������������J������8(����(�����(��(8���

�����&!���6����

G����<(������(������(���(��8�����(�������������������(8���������(��������������(6������������

��������

�

�	��)(������((��6��6�������������(6�����8(�����������������������@�������������������:������

�#�!�&���

�

�
��F���(8���(������������������������6(���������������6(��������

�

������&����(8��������(�������������8(��/������!�(���(��������

��� <0%���>��$!�$!�$!��$�G/�9�>����J&&���

��� E0%���>��$!�$!�$!��$�G/�9�>����J&&���

��� �(��������>���L����J&&�!���L����J&&�!����L����J&&��

�

���� .�����&���� ����������(�� ������ ��� ��� ���� ���� ��������� M/�������� �((#0��� ������&� (8�

������&����M�

��� .�� ������(�� �(� ��J����&����� �����8���� ����7� ���� �+.� �����&�!� ���0�����&�!� �J���&���!�

��6����� ������ ���(� &���� (����� ��J����&����� ����������� ������ (����� /��0�����(��!� �����!�

�����(���(8������8�����(���

���� .�������(8������(�8��������� ��������(��(8��������� ��� ���������8�����(�7�*�1"���������(��@����

���6�����

��������������������&�����G���&����+����(������7�����������(88�����8(����������#������������6��

���������(�������I�������8���(���(������(�����(����(@��������(����6����������������(8����=�

(����(6���$�(6������������8�����������������(6�������������������������8(�&���G,���:����0�����

�

����,�������(���((��8�����������&����������������������!�����&������!&����������������������(6�����

@�������������<��������������������G��!�����!���#��(�����������J���&�����������(���������������

����!���������������

�

�����(������(�� ������ 8������� .�����&���� /�������7� .!5� ����7� )��6�� ����7� ������ /�������7� ������

������(������(�� G)�/� ���� ���&����� �������� ������ ��� ��(6����� �(� 6���(�� ������� �������

������������ �(� ���(��(����� ��� ������ ������(������(��7� K*���(�����7�,���������(�� ����7�/51�

����7� "���� (8� .�����&����!��6����� 8(�� �,'%� ��� *�1"� ����(6��� 8(�&���� ,��(� ���������

���������8(�&��� ��#���/�1:���7��/�,�����������(8��������(��&��������������(������(6�����

����(������(�����*�1"�����(6���8(�&����/(8���(���(8�����8(�&���������������(6������(�����

�������8�����������

�

�

�

�

�

�

183 / 460



SECTION – D 

GENERAL TECHNICAL 
SPECIFICATION

CONTROL & INSTRUMENTATION 

184 / 460



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
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C&I SPECIFICATION FOR

GYPSUM DEWATERING SYSTEM
SECTION: C4
SUB SECTION: C&I

LIST OF DELIVERABLES OF PEM - C&I DEPARTMENT 

Sl. No. DRAWING NO. DRAWING/DOCUMENT TITLE CATEGORY  

    

1 
PE-V4-434-145-I901 

CONTROL & OPERATIONAL WRITE-UP FOR THE 
SYSTEM WITH SET POINTS A 

2 
PE-V4-434-145-I902 

CONTROL SCHEME/LOGIC DIAGRAM (TO BE 
IMPLEMENTED IN DDCMIS) A 

3 PE-V4-434-145-I903 HMI PICTURES/PLANT SCHEMATICS A 
4 PE-V4-434-145-I904 INSTRUMENT SCHEDULE WITH SET POINTS A 
5 PE-V4-434-145-I905 I/O LIST (ANALOG & BINARY) A 

6 PE-V4-434-145-I906 
DRIVE LIST/SOLENOID/ACTUATOR VALVE LIST 
WITH LOCATION DATA A 

7 PE-V4-434-145-I907 FIELD JB/LIE/LIR,DRIVES TERMINATIONS A 
8 PE-V4-434-145-I908 DATASHEETS FOR INSTRUMENTS, JBs, etc. A 
9 PE-V4-434-145-I909 QUALITY PLANS (INSTRUMENTS, VMS, etc.) A 

10 
PE-V4-434-145-I910 

INSTRUMENT HOOK-UP DRAWING 
A 

11 PE-V4-434-145-I911 THERMOWELL SIZING CALCULATION A 
12 PE-V4-434-145-I913 CABLE SCHEDULE & INTERCONNECTION A 
13 PE-V4-434-145-I914 ANNUNCIATION & SOE LIST A 
 

NOTES: 
ANY OTHER DOCUMENT DECIDED DURING DETAILED ENGINEERING SHALL BE PROVIDED BY 
BIDDER WITHOUT ANY COMMERCIAL/TECHNICAL IMPLICATION. 

CONTRACTOR TO SUBMIT REUSABLE DATABASE FORMATS IN BHEL/CUSTOMER APPROVED 
FORMATS LIKE MS EXCEL, MS ACCESS OF DOCUMENTS LIKE INSTRUMENT SCHEDULE, I/O LIST, 
DRIVE LIST, FIELD JB TERMINATIONS, CABLE SCHEDULE & INTERCONNECTION, etc. 
SOFT COPY OF FORMATS SHALL BE PROVIDED TO SUCCESSFUL BIDDERS. 
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1.00.00  MEASURING INSTRUMENTS (PRIMARY AND SECONDARY)

1.01.00 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. Refer Sub-section Basic Design 
Criteria. Further, all instruments shall be of proven reliability, accuracy, and repeatability 
requiring a minimum of maintenance and shall comply with the acceptable international 
standards and shall be subject to Employer's approval.  

1.02.00 Every panel-mounted instrument requiring power supply shall be provided with easily 
replaceable glass cartridge fuses of suitable rating. Every instrument shall be provided with a 
grounding terminal and shall be suitably connected to the panel grounding bus. 

1.03.00 All transmitters, sensors,  switches and gauges for parameters like pressure, temperature, 
level, flow etc. as required for the safe and efficient operation and maintenance as well as for 
operator and management information (including all computation) of equipment in the system 
under the scope of specification shall be provided on as required basis with in quoted lump 
sum price. The Contractor shall furnish all Instrumentation / Control equipment & accessories 
under this specification as per technical specification, ranges, makes & model as approved 
by the Employer during detailed engineering. 

1.04.00 The necessary root valves, impulse piping, drain cocks, gauge-zeroing cocks, valve 
manifolds 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 in flexible/rigid conduits, independently to suitably 
located common junction boxes. The proposal shall include the necessary cables, flexible 
conduits, junction boxes and accessories for the above purpose. Double root valves shall be 
provided for all pressure tapping where the pressure exceeds 40 Kg./sq.cm. 

1.05.00 All instruments envisaged for sea water applications, shall be provided with wetted parts 
made of Monel/ Hastelloy C or any other material (if provenness experience of the proposed 
material for such applications is established by contractor). 

For Chlorine application:  Instruments shall be provided with wetted parts (e.g. diaphragm 
seal, etc.) made of Hastelloy C. Also, filled liquid shall be Fluorolube oil/ Inert Hydrocarbon / 
CTFE etc., for these applications. 

For applications of FECL3 solution: Instruments shall be provided with wetted parts (e.g. 
diaphragm seal, etc.) made of Tantalum. 

1.06.00      For coastal areas, all instruments shall be provided with durable epoxy coating for               
housings and all exposed surfaces of the instruments.  

189 / 460



CLAUSE NO. TECHNICAL REQUIREMENTS 

EPC PACKAGE FOR  
PATRATU SUPER THERMAL POWER 

STATION EXPANSION PHASE –I 
( 3X 800MW)

TECHNICAL SPECIFICATIONS 
SECTION – VI, PART-B 

BID DOC. NO.:  CS:9585-001-2 

SUB-SECTION-IIIC-04 
MEASURING INSTRUMENTS 
(PRIMARY & SECONDARY) 

PAGE 
2 OF  46 

2.00.00 SPECIFICATION FOR ELECTRONIC TRANSMITTERS 

2.01.00 SPECIFICATION FOR ELECTRONIC TRANSMITTER FOR PRESSURE, DIFF PRESS 
AND DP BASED FLOW / LEVEL MEASUREMENTS 

Sl.No. Features Essential/Minimum Requirements 

1. Type of Transmitter  Microprocessor based 2 wire type (loop powered), Hart 
protocol compatible.  

2. Accuracy ± 0.1% of calibrated  span (minimum)  

3. Output  signal range 4-20 mA DC (Analog)  along with  superimposed digital 
signal  (based  on  HART protocol) 

4. Turn down ratio 

(minimum)

10:1 for vacuum/very low pressure applications (i.e. 
pressure <= 200 mmWC) 

5:1 for very high pressure application (i.e. pressure >= 
200 Kg/cm2) 

30:1 for other applications 

5. Stability ± 0.1% of calibrated span for six months for Ranges up to 
and including70 Kg/cm² 

± 0.25% of calibrated span for six months for Ranges 
more than 70 Kg/cm² 

6. Zero and span drift +/- 0.015% per deg.C at max span  

+/-0.11% per deg.C at min.  Span 

7. Load impedance 500 ohm (minimum) 

8. Housing Weather proof as per IP-65, metallic housing with durable 
corrosion resistant coating 

9. Over Pressure 150% of max. Operating pressure 

10. Connection 
(Electrical) 

Plug and socket type 

11. Process connection 1/2 inch NPT (F) 

12. Span and Zero Continuous, tamper proof, Remote as well as manual 
adjustability from instrument with zero suppression and 
elevation facility. 

13. Accessories -Diaphragm seal, pulsation dampeners, syphon etc. as 
required by service and operating condition. 

-2 valve manifold for absolute & Gauge pressure 
transmitters, 3-valve and 5 valve manifold for 
DP/Level/Flow applications. The valve manifold shall be 
non integral type (except Fuel Oil area). 
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-For hazardous area, explosions proof enclosure as 
described in NEC article 500 

Mounting:    2 inch pipe mounting. 

14. Diagnostics & 
display 

Self-Indicating feature and digital display on transmitter 

15. Power supply 24V DC ± 10%. 

16. Adjustment/calibratio
n/maintenance 

From hand held HART calibrator/ centralized PC based 
system (as applicable). 

Notes  

- For primary air/ secondary air/flue gas applications, DP type transmitters shall be 
provided for pressure measurement.  

- 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.  

2.02.00 GUIDED WAVE RADAR TYPE LEVEL TRANSMITTER 

Type Microprocessor based 2 wire type (loop powered), HART protocol 

compatible Guided wave radar transmitter.  

Principle TDR (Time domain reflectometry) 

Probe Type & 

Material 

(i) Coaxial probe of SS316/316L. If required, probe shall be suitable 

for overfill prevention. 

(ii) Rod probe, cable probe of SS316/SS316L can be used for 

applications wherever coaxial probe is not suitable. 

Output signal 4-20 mA DC along with superimposed digital signal (based on HART 

protocol), suitable for over fill prevention. 

Accuracy +/- 0.5% of calibrated span or minimum 5mm. 

Power supply 24 VDC +/- 10%. 

Housing Weather proof as per IP-65, metallic housing with durable corrosion 

resistance coating. 
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Adjustment/ 

calibration

Using hand held HART calibrator/ centralized PC based system (as 
applicable). 

Zero & span 

adjustment 

Continuous, temper proof, remote as well as manual adjustability 

from instrument. It should be possible to calibrate the instrument 

without any level in the tank/sump etc.  

Display Integral digital display. 

Load Impedance 500 ohms (minimum). 

Electromagnetic 

compatibility

Shall meet EN 61326-1 (1997) and AmdtA1, class A equipment/EN 

50081-2 & EN 5008 1-2 & EN 50082-2 

Mounting (i) External cage shall be provided where ever side mounting is 

required. External cage and other mounting accessories to be 

provided by the contractor. 

(ii) Where ever top mounting is required, all mounting accessories, 

stilling well (as required) etc., shall be provided by the contractor. 

(iii) All weather canopy shall be provided for protection from direct 

sunlight and direct rain for open locations. 

Note: Four wire type transmitters can also be provided for applications where 2- wire 
transmitter has some technical limitations, subject to employer’s approval during 
detailed engineering stage. However, in such cases isolated 4-20 mA DC (analog) 
output shall be provided. Power supply required for such transmitters shall be 240V 
AC / 24V DC.

2.03.00         Ultrasonic Type level Transmitter 

S.No. Features Essential/Minimum requirement 

1. Type of Transmitter Non-contact Microprocessor based 2 wire type 

(loop powered), HART protocol compatible 

Ultrasonic transmitter.  

2. Output signal 4-20 mA DC (Analog) along with superimposed 

digital signal (based on  HART protocol). 
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3. Accuracy +/- 0.5% of calibrated span or minimum 5mm.  

4. Power supply 24 V DC +/- 10%. 

5. Temperature compensation To be provided within transducer. 

6. Housing Weather proof as per IP-65, metallic housing 

with durable corrosion resistance coating. 

7. Adjustment/calibration/ 

maintenance 

Using hand held HART calibrator/ centralized PC 
based system (as applicable). 

 . 

8. Zero and Span adjustment Continuous, tamper proof, remote as well as 

manual adjustability from instrument. It should 

be possible to calibrate the instrument without 

any level in the tank/sump etc. 

9. Sensor Material Corrosion resistant material to suit individual 

application requirement. 

10. False signal tolerance  Transmitter shall be capable of ignoring false 

echoes from internal tank/sumps obstructions 

such as pipes, heating coils or agitator blades. 

Also transmitter shall have adjustable damping 

circuitry. 

11. Range Range of transmitter shall be capable of 

covering the complete level span of tank taking 

care of blocking distance, frequency attenuation 

due to surface, obstructions, vapors etc. 

12. Display Integral digital display  

13. Diagnostics Loss of echo alarm etc. 

14. Load Impedance 500 ohms (minimum). 

15. Electrical Connection Plug and socket 
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16. Accessories • All weather canopy shall be provided for 

protection from direct sunlight and direct 

rain for open locations. 

• All mounting accessories required for 

erection and commissioning shall be 

provided. 

• For hazardous area, explosion proof 

enclosure as described in NEC article 

500 

Note:

1) Contractor can also provide Radar type transmitter as per above specification in 

place of ultrasonic transmitter subject to approval by Employer during detailed 

Engineering.  Sonic frequency based transmitters can also be provided under 

“ultrasonic transmitters” category for fly ash silo level. 

2) Four wire type transmitters can also be provided for applications where 2- wire 

transmitter has some technical limitations, subject to employer’s approval during 

detailed engineering stage. However, in such cases isolated 4-20 mA DC (analog) 

output shall be provided. Power supply required for such transmitters shall be 240V 

AC / 24V DC. 

3) For applications where transmitter location is not accessible, the transmitter shall 

have separate sensor unit and electronic unit for such applications. It shall be 

possible to mount the electronic unit at accessible location. 

2.04.00            HART Hand Held calibrator 

  Hand held calibrator shall be provided for adjustment/calibration/maintenance of the HART 
compatible transmitters. The hand held calibrator shall be suitable for all types of transmitters 
supplied in the package. If one type of hand held type calibrator is not suitable for 
communicating with all types of transmitters then separate hand held calibrator will be 
provided for that specific type of transmitter. 
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3.00.00           Temperature Elements and accessories 

3.01.00  Thermocouple 

Sr.
No. 

Features Essential/Minimum Requirements 

1 Type of Thermocouple. : 16 AWG wire of Chromel-Alumel (Type K) 
or 24 AWG wire Pt-Rhodium Pt (Type R) 
depending on operating temperature Range 
(ungrounded separate junction type). 

2 No. of element : Duplex 

3 Housing/Head : IP-65/Diecast Aluminium. Head of TE to be 
provided with sufficient space and 
arrangement to mount head mounted 
temperature transmitter (as applicable). 
Plug in connectors are to be provided for 
external signal cable connection. TE 
terminal head shall be spring loaded for 
positive contacts with the thermo well. 

4 Insulation and Sheathing of  
Thermocouple 

: Swaged type mineral (magnesium oxide) 
insulation and SS316 sheath. 

5 Calibration and accuracy : As per IEC-584/ ANSI-MC-96.1 (special 
limits of errors/ class1) for T/C. 

    

6 Accessories : Thermo well  and associated fittings    

7 Standard : IEC-584/ ANSI MC 96.1 for Thermocouple 
and ASME PTC-19.3 for Thermo-well 

3.02.00       Resistance Temperature Detector ( RTD )

Sr.
No. 

Features Essential/Minimum Requirements 

1 Type of RTD. : Four wire, Pt-100 (100 Ohms resistance at zero 
degree Centigrade). 

2 No. of element : Duplex 

3 Housing/Head : IP-65/Diecast Aluminium. Head of TE to be 
provided with sufficient space and arrangement 
to mount head mounted temperature transmitter 
(as applicable). Plug in connectors are to be 
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provided for external signal cable connection. 
TE terminal head shall be spring loaded for 
positive contacts with the thermo well 

4 Insulation and sheathing 
of RTD 

: Mineral (magnesium oxide) insulation and 
SS316 sheath,  

5 Calibration and accuracy : As per As per IEC-751/ DIN-43760 Class-A for 
RTD 

6 Accessories : Thermo well  and associated fittings  

7 Standard : IEC-751/ DIN-43760 for RTD and ASME PTC-
19.3 for Thermo-well. 

NOTES :  

1)  The specifications for RTDs of winding/ bearings of motor/pump, can be as per their 
manufacturer standards. The manufacturer shall submit the adequate supporting 
documents for establishing their standard practice. However the type of RTD shall be 
Pt100.

2)  The specifications of temp elements for air conditioning & ventilation system / 
process can be as per system manufacturer’s standards. The manufacturer shall 
submit the adequate supporting documents for establishing their standard practice. 

3.03.00           Metal Temperature Thermocouples 

Measuring Medium Metal Temperature 

Material of 
Thermocouple. 

Chromel Alumel Type K 

Type of Thermocouple Duplex with ungrounded separate hot junctions 

Insulation Mineral Insulation (Magnesium Oxide). 

Thermocouple wire 
gauge 

16 AWG 

Protective sheath SS 321 

Protective sheath dia 8 mm OD 

Calibration & accuracy As per IEC-584/ ANSI-MC-96.1 (special limits of error) for T/C 

Mounting accessories 1/2" BSP SS sliding end connector, weld pad, clamps of heat 
resistant steel SS310. Adjustable gland fitting for connection at 
the junction box end as per manufacturer’s standard. 

Cold end sealing SS pot seal with colour coded PTFE Insulated flexible tails. 
Sealing compound- Epoxy resin. Length of PTFE insulated 
flying leads shall be minimum 750 mm. 
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Minimum bending 
radius 

30 mm 

Length of T/C On as required basis considering location of measurement 
point and the JB/TTJB location. 

  Notes : 

1) The specification for thermocouples of bearings metal  temp measurements can be 
as per their manufacturer standards. The manufacturer shall submit the adequate 
supporting documents for establishing their standard practice. However type of 
thermocouples shall be K-type. 

2) For boiler metal temperature applications, considering the location of installations 
and response time, manufacturer’s standard and proven specification for metal 
temperature measurement can also be accepted subject to employer’s approval. The 
manufacturer shall submit adequate supporting documents for establishing their 
standard and proven practice. 

3.04.00 Thermo well (for all process temp. elements) 

(a) Shall be one piece solid bored type of 316 SS of step-less tapered design. (As per 
ASME PTC 19.3, 1974) 

(b) For Mill classifier outlet long life solid sintered tungsten carbide material of high 
abrasion resistance shall be provided. 

(c) For Air & Flue gas 316 SS protecting tube with welded cap. (However contractor 
shall provide better material for Flue gas service if required based on the specified 
boiler design parameters). 

(d) For furnace zone, impervious ceramic protecting tube of suitable material along 
with Incoloy supporting tubes and adjustable flanges. 

3.05.00  Not Used

3.06.0 TEMPERATURE TRANSMITTER (TT) 

Following types of 2-wire (loop powered) temperature transmitter (directly powered from 4-
20mA input cards of DDCMIS/PLC) shall be provided. The temperature transmitter shall be 
fully compatible with thermocouples and RTDs being provided by the contractor. 
Temperature compensation of the thermocouples shall be performed in the temperature 
transmitter itself.  

a. Single Input Head mounted Temperature Transmitter 

 These shall be suitable for mounting in the head of temperature element itself. 
Temperature transmitter and associated temperature element shall be factory fitted. 

b.  Single Input DIN-rail mounted Temperature Transmitter 

These shall be suitable for mounting on DIN-rails in JBs. The specifications of the JBs 
shall be same as indicated in Subsection INST CABLE with additional DIN-rails and IP 
65 Protection class. This temperature transmitter shall be the ones which are 
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especially designed for DIN-rail mounting with IP 20 protection class. These shall 
have terminals for input/output provided on front side when mounted on DIN-rail. 
Head mounted temperature transmitter with clamps to make it suitable for DIN-rail 
mounting shall not be acceptable under this category. 

c. Dual-input Temperature Transmitter With integral Indicator: 

These shall be suitable for mounting on pipes/ support. Both elements of the duplex 
thermocouple/ RTD shall be wired to a single transmitter. Integral indicator shall be 
provided with these transmitters. These transmitters shall have bump less change 
over facility to second sensor in case first sensor fails .This change-over is to be 
alarmed. Protection class shall be IP65 minimum.

d. Common requirements for each of the above type of temperature transmitters. 

Output    : 2-wire (power supply from input card of Control System) 
with 4-20mA output with superimposed HART protocol 
signal.  

Input : Same transmitter shall be capable to handle Pt-100 RTD, 
Thermocouples –K & R types (input type to be selectable 
at site through HART terminal). 

Isolation : Min. 500 V AC. 

EMC compatibility : As per EN 61326. 

Operating ambient 
temperature   

: 0 to 85 deg C (without indicator). 

0 to 70 deg C (with indicator). 

Power supply    24V DC +/- 10%. 

Accessories   Mounting arrangements including clamps etc. 

Composite Accuracy (i) For head mounted and DIN-rail mounted types: 

(Refer note 2 )  RTD   =<0.4% of  0-250 deg C span 

  T/C-K type =<0.4% of  0-600 deg C span 

  T/C-R type =<0.4% of  0-1000 deg C span 

  CJC accuracy (for thermocouples) shall be =< 1 deg C 

 (ii) For dual-input type: 

  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 

e. Field bus compatible temperature transmitters 
Temperature transmitters of this category shall be field mounting type & shall be 
capable of withstanding operating ambient temperature upto 85 deg C. These 
modules shall be connected to DDCMIS through field bus such as Profibus, 
Foundation Field bus etc directly from the transmitter.  Maximum Number of inputs 
per such temperature transmitter shall be eight. These shall be mounted in 
cabinets/enclosures/JBs in non-AC areas. 
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As an alternate, these signals from temperature transmitters can be connected to 
DDCMIS through standard remote I/O modules of the DCS, in which case, the 
temperature transmitter signals will be acquired through 4-20mA input modules in the 
remote I/O cabinet for connecting to DDCMIS through remote I/O bus.  

Air conditioned panel shall be provided for remote I/O. 

Notes (Common for a) to d) above):-

1.    In case of failure (open or burn-out) of RTD/thermocouple, temp. Transmitter shall 
provide low temperature output. 

2.  Composite Accuracy is to be calculated as summation of all applicable accuracies of 
temp transmitter, for converting sensor input to output in 4-20 mA (e.g., basic 
accuracy, digital accuracy, D/A 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/ temp 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 are to be interchangeable (i.e. can be used for 
either RTD or thermocouple) and composite accuracy shall be met for each type of 
input specified in (i) & (ii). 

4.00.00       ELECTRICAL METERING INSTRUMENTS 

 Electrical metering instruments shall be furnished in accordance with the following general 
specifications. However, the scope shall be governed by the Contract quantity given in 
appendix-1 to part-A.  Application standard for electrical metering instruments shall be as per 
IS: 1248- 2003 (Revised). The size of each instrument shall be as approved by Employer 
during detailed engg.  All metering instruments shall be flush panel mounting type. 

4.01.00          (a) Frequency meters for Synchronization purposes: Accuracy: ± 1.5% of full scale. 

(b) Synchroscope:  Accuracy class: 0.5 or better. 

                         (c)       Voltmeters:  Accuracy: ± 2.0% of full scale or better.  

 4.02.00           Synchronizing Relays

Synchronizing check relay with necessary ancillary equipment shall be provided which shall 
permit breakers to close after checking the requirements of synchronizing of incoming and 
running supply.  The phase angle setting shall not exceed 10 Degree and this angle shall be 
adjustable and shall take the account the circuit breaker closing period.  This relay shall have 
a response time of less than 200 milliseconds when the two system conditions are met within 
preset limits and with the timer disconnected.  The relay shall have a frequency difference 
setting not exceeding 0.45% at rated value and at the minimum time setting.  The relay shall 
have a continuously adjustable time setting range of 0.5-3 secs. Additionally, a guard relay 
shall be provided to prevent the closing attempt by means of synchronizing check relay when 
control switch is kept in closed position long before the two systems are in synchronism. The 
Control Voltage shall be 220V DC and PT input Voltage shall be 110 V AC. 
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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. 

8.00.00               E-P Converter

E-P converters and associated accessories shall be furnished in accordance with the 
specifications given below : 

A. Fail Freeze Type E/P convertes 

1 Air supply Pressure  
:
 2 kg/sq. cm.  

2 Input signal  
:
 4-20mA DC  

3 Output signal  
:
 0.2 to 1.0 kg/sq. cm  

4 Linearity  
:
 0.5% of span or better.  

5 Span/Zero Adjustment  
:
 To be provided  

6 Hysteresis  
:
 0.5% of span or better.  

7 Fail Freeze Feature  
: Stay put at last position on failure of 4 –20mA 

signal.  

8 Allowable drift rate  
:
 Maximum 2% set point/ hour.  

9
Ambient Temperature 
Effect  

:
 less than 0.02% of span per deg C between - 

10 Mounting  
:
 Surface/Pipe/Bracket Mounting.  

11 Protection class  
:
 IP 65.  

12 Connection Port Sizes  
:
 ¼ inch NPT (F)  

13 Electrical Cable Entry  
:
 ½ inch NPT  

14 
Output Pressure 
Gauge  

:
 1/4 inch NPT connection, 2 inch dial.  

15 Accessories  
: All accessories like mounting brackets, fittings 

etc. required for installation is to be supplied.  
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B. FaiL Safe type E/P converters 

1 Air supply Pressure  : 2 kg/sq. cm.  

2 Input signal  : 4-20mA DC  

3 Output signal  : 0.2 to 1.0 kg/sq. cm  

4 Linearity  : 0.5% of span or better.  
5 Span/Zero Adjustment  : To be provided.  
6 Hysteresis  : 0.5% of span or better.  

7 Fail Safe Feature  : 
Output shall drive to minimum on failure of 
either 4-20mA signal or air supply.  

8 Mounting  : Surface/Pipe/Bracket Mounting.  

9
Ambient Temperature 
Effect  : 

less than 0.02% of span per deg C between 
-20 to +60 deg C.  

10 Protection class  : IP 65.  

11 Connection Port Sizes  : ¼ inch NPT (F)  

12 Electrical Cable Entry  : ½ inch NPT  

13 Output Pressure Gauge  : 1/4 inch NPT connection, 2 inch dial.  

14 Accessories  : 

All accessories like mounting brackets, 
fittings etc. required for installation is to be 
supplied.  

9.00.00  NOT USED 

10.00.00 AMBIENT AIR QUALITY MONITORING STATION (AAQMS)   

10.01.00 General Specifications for AAQMS   

10.01.01 The Analysers / Monitors should be 19" Rack Mounted with the ON / OFF switch and display 
of all important status signals including Lamps, etc should be preferably on the front panel.  

10.01.02 The system must function properly in the weather and atmospheric conditions mentioned in 
Sub-Section-IIIC-01, in view of ambient temperature, relative humidity and high dust levels 
for instruments / equipments housed in an enclosure. 

10.01.03 The system should function without frequent servicing / maintenance. The parts requiring 
regular service / maintenance must be easily accessible.  

10.01.04 All ambient Gas Analysers and Dust Monitor shall conform to the US EPA reference or 
equivalent method. A proof of approvals and certificates of the above compliance along with 
copy of the Test Report (in English) from internationally reputed agencies such as US EPA, 
TUV / UAB of Germany, Envt Canada, Envt. Japan, EEC etc shall be furnished.  
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Power Supply 230 VAC or 24VDC operated 

Process Temperature range 0-200 degree Celsius 

Others Drain / purging arrangement shall be 
provided as per standard practice. 

Viscosity range of Fluid 0-500cst for HFO 

The offered Coriolis type flow transmitter shall be suitable for intended application. Contractor 
shall submit flow and sizing calculation for Employer’s approval. For each type of Coriolis 
type flow transmitter general arrangement and assembly drawing and cable wiring diagram 
shall be submitted for Employer’s approval. 

13.00.00       SPECIFICATION FOR FLOW ELEMENTS 

13.01.00       Orifice Plate 
Features Essential/Minimum Requirements 

Type Concentric as per ASME PTC-19.5 (Part-II), ISA RP-
3.2, 1960 or BS-1042, ISO 5167 

Material 316 SS 

Thickness 3 mm for main pipe diameter up to 300 mm and6  mm 
for main pipe dia above300 mm. 

Material of branch pipe Same as main pipe 

Root valve type Globe 

Root valve material Same as pipe material 

Root valve size 1 /  2  inch or 1 inch  (as applicable) 

Impulse pipe of same material up 
to root valve 

Required 

Tappings Flanged weld neck or D & D/2 with  3 pairs of tapping ( 
as applicable ).   Root valves to be provided in all the 
tappings. 

Beta Ratio 0.34 to 0.7 

Beta Ratio calculation to be 
submitted 

Yes

Assembly drg. and flow Vs DP 
Curves 

Yes

Accessories Root valves, flanges, Vent/drain hole(As required) 

Contractor shall submit certified flow calculation and differential pressure vs. flow curves for 
each element for Employer's approval. Sizing calculation, precise flow calculation for all the 
flow elements, fabrication and assembly drawings and installation drawings shall be 
submitted for Employer's approval.  
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The measurement accuracy of the transmitter shall be better than +0.2%. 

The transmitter shall provide suitable 4-20mA dc output signal for control and 
indication/recording. Converters if necessary shall be provided to generate the 4-20mA 
signal. 

A local indicator of fuel oil flow shall also be provided. The instrument shall be calibrated in 
Tons/hr.  

Suitable strainer shall be provided before the transmitter for the protection of oval wheel 
meters against foreign matter contained in the fuel oil.  

The exact model no. and type of material being used, etc., shall be subject to Employer’s 
approval during detailed engineering without any price repercussion to Employer. 

15.00.00           PROCESS ACTUATED SWITCHES 

FEATURES                 ESSENTIAL / MINIMUM REQUIREMENTS 

 Pressure/ Draft
Switches/ DP 
Switches 

Temperature 
switches 

Level switches 

Sensing 
Element 

Piston actuated 
for high pressure 
and diaphragm or 
bellows for low 
pr./ vacuum 

Vapor pressure 
sensing, liquid 
filled bellow 
type with SS 
bulb and 
capillary (5 m 
minimum, to 
suit application) 

Capacitance types, float type, 
conductivity type, RF type, 
Ultrasonic type as per suitability to 
the application. .   

Material 316 SS Bulb 316 SS/ 
capillary 304 SS

316 SS 

End
connection 

½ inch NPT (F) ½ inch NPT (F) Manufacturer standard 

Over range/ 
proof pressure 

150% of 
maximum
operating pr. 

- 150% of maximum operating pr. 

Repeatability +/- 0.5% of full range 

No. of contacts 2 No.+2NC. SPDT snap action dry contact 

Rating of 
contacts 

 60 V DC, 6 VA (or more if required by DDCMIS) 

Elect. 
Connection 

Plug in socket. 

Set point 
adjustment 

Provided over full range. 

Dead band 
adjustment 

Adjustable/ fixed as per requirement of application. 
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Enclosure Weather and dust proof as per IP-55, metallic housing. 

Accessories Siphon, snubber, 
chemical seal, 
pulsation
dampeners as 
required by 
process 

Thermo well of 
316 SS and 
packing glands 

All mounting accessories 

Mounting Suitable for 
enclosure/ rack 
mounting or 
direct mounting 

Suitable for rack 
mounting or 
direct mounting 

-

Power Supply 

(wherever 
required) 

As per Contractor’s Standard practice. 

Notes :- 

1) 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.  

2) Pressure/ Diff pressure switches for very low press/ DP measurements can have 
sensor material other than SS316 in case of any technical limitation and the offered 
product is standard product of the manufacture for very low pressure applications. 

3) Repeatability can be upto +/-1% of full range in case of switches with diaphragm 
seals or very low pressure/DP range. 

4) The specifications of switches for air conditioning & ventilation system / process can 
be as per system manufacturer’s standards. The manufacturer shall submit the 
adequate supporting documents for establishing their standard practice. 

16.00.00 NOT  USED 

17.00.00          SOLENOID VALVES  
Solenoid valves shall fulfil the following requirements: 

a. Type 2/3/4 way SS 316/Forged Brass (depending on the application subject to 
Employer’s approval during detailed Engg.) 

b. Power supply : 24 V DC + 10%. 

c. Plug and socket electrical connection. 

d. Insulation : Class ‘H’ 

18.00.00 REVERSE ROTATION INDICATOR (RRI) 
Reverse rotation indicator  comprising of proximity sensors, processing electronics with 
output of 4-20mA (corresponding to speed)  interconnecting cables, speed display in rpm, 

204 / 460



CLAUSE NO. TECHNICAL REQUIREMENTS 

EPC PACKAGE FOR  
PATRATU SUPER THERMAL POWER 

STATION EXPANSION PHASE –I 
( 3X 800MW)

TECHNICAL SPECIFICATIONS 
SECTION – VI, PART-B 

BID DOC. NO.:  CS:9585-001-2 

SUB-SECTION-IIIC-04 
MEASURING INSTRUMENTS 
(PRIMARY & SECONDARY) 

PAGE 
40 OF  46 

normal, reverse indication and required channel alarm contact shall be provided. The contact 
rating shall be 60VDC, 6VA (or more if required by Control system). The exact details of the 
RRI shall be strictly as approved by Employer during detailed engineering. The power supply 
of RRI is to be arranged by the Bidder 

19.00.00 WATER SYSTEM RELATED SPECIAL INSTRUMENTS (DM PLANT, CPU PLANT, PT 
PLANT, ETC)

19.01.00 ANALYSER INSTRUMENTS: 

For Technical specification of Cation/Specific Conductivity, pH, Sodium, Silica, Turbidity, 
Total Dissolved Solids (TDS) and Concentration analysers, please refer Specification of 
Analysers, Part-B, Sub-section IIIC-13, SWAS chapter of this specification. 

19.02.00          Residual Chlorine Analyser 

a An automatic chlorine residual analyser of amperometric type shall be provided 
alongwith the chlorinating plant for monitoring the residual chlorine content of cooling 
water. The analyser shall be suitable for accurate residual measurement in 
open/closed systems. The measurement accuracy shall not be affected by presence 
of treatment chemicals as chromates, phosphates, de-former highly polluted water, 
change in temperature etc. 

b The analyser shall comply with the following specification requirements, as a 
minimum 

 (i) Indicator : Provision of LC display in the panel of analyser. 

 (ii) Range : 0 to 20.0 mg/L (ppm) 

 (iii) Accuracy : 2% or better 

 (iv) Sensitivity : 0.01 mg/1 

 (v) Output signal : 4-20mA DC isolated output,  

 (vi) Alarm 
annunciation 

: High and low alarms to be provided on panel and 
shall be field adjustable. 

 (vii) Calibration : Zero and span adjustment facility to be provided. 
Final calibration adjustments of the analyser to be 
done at site and duly verified by titration. 
Temperature compensation range 0 to 50degC. 

 (x) Mounting : The analyser shall be suitable for field mounting 
conform to protection class IP-55. 

 (xii) Electrodes : Platinum/Gold and copper electrodes shall be 
provided with cell cleaning system. 

(c) Circulating water as sample to residual chlorine analyser shall be taken from hot 
circulating water pipe work before entry to cooling towers. Exact location and layout of 
sampling arrangement shall be finalised during detailed engg. stage. Bidder shall 
provide necessary pumping system (with 100% standby) for meeting the analyser 
requirements, if needed.  All the drains shall be terminated up to the nearest plant 
drainage system. 

19.03.00 All the outdoor field instruments such as analysers/transmitters/meters etc. shall be provided 
with suitable Free standing cabinet(s)/panel/rack so that the equipments are protected 
against rain/ sunlight etc.  

WATER SYSTEM RELATED SPECIAL INSTRUMENTS (DM PLANT, CPU PLANT, PT
PLANT, ETC)
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19.04.00 Parshall Flume 

The Bidder shall provide all the control and Instrument devices including primary sensors, 
transmitters, flow indicator cum integrator / totaliser and shall include all required 
accessories for the flow measurement of raw water through the clarifier. The system shall 
be of reputed make and acceptable to the owner. 

Level measurement shall be based on ultrasonic/radon technology. The flow compensation 
is to be implemented in the transmitter itself. The transmitter shall provide 4-20 mA DC in 
direct proportion to flow and shall be able to drive a load impedance of 500 ohms minimum  

Accuracy shall be +/- 1 % or better. 

All the mounting hardware and accessories required for erection and commissioning of the 
same are to be provided by the contractor. Mounting fittings material shall be SS316. All 
weather canopy is to be provided for electronics/sensor to protect the same from rain/ 
sunlight etc. 

The Type makes and models no. shall be subject to Owner’s approval. 

19.05.00            Electronic Flow-Meter

The electronic flow meter shall include flow sensor and flow indicator cum integrator / 
totaliser and shall include all required accessories for satisfactory operation.  The flow 
meter shall be based on full bore  electromagnetic principle and shall be electronic type of 
proven design, make and model acceptable to the owner. 

The Bidder shall submit all necessary technical literature and details of selection criteria of 
the instrument offered to substantiate the model selected. The Bidder shall also furnish list 
of similar installation along with feed back on satisfactory performance of the instruments. 

The flow meter shall meet or exceed the following requirement : 

(a) Output : 4-20 mA DC Isolated output 

(b) Accuracy : ± 0.5% of calibrated span or better * 

(c) Repeatability : ± 0.2% of calibrated span or better 

(d) Power Supply : 240V AC ± 10%, 50 HZ ± 5%/ 24 V DC, to be arranged 
by the contractor. 

(f) Protection class : IP-55 

(e) Flow tube  SS304  

(f) liner  Hard Rubber  

The flow meter shall provide local indication for instantaneous flow. It should also be 
possible to get local display for daily and monthly discharge. The flow meter shall indicate 
totaliser/ integrator to get the daily and monthly discharge as stated above.   

20.00.00 AC PLANT RELATED SPECIAL INSTRUNMENTS 

20.01.00 HUMIDITY SENSOR 

Sensor : Capacitance type

Accuracy : +/-3% R.H 

Range : 0-100% R.H

Output : 4-20 ma 

AC PLANT RELATED SPECIAL INSTRUNMENTS
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Time constant : 2 mins. 

Output from the sensor is to be connected to respective control system. Contractor can also 
provide combined instrument for measurement of humidity and temperature subject to 
Employer’s approval during detailed engineering. In all such cases, 4-20 ma outputs, each 
for temperature and humidity measurements are to be provided. 

20.02.00  TEMPERATURE/ HUMIDITY INDICATOR 

Sensor : RTD for( Pt 100 ) for temperature  

 : Capacitance Type for Humidity (specs for humidity and temperature shall 
be as mentioned above) 

Display : Combined enclosure with two three digit seven segments LED display 
with decimal point after two digits. LED height shall be 4 inches, clearly 
legible from a distance of at least 10 meters.  

Range :   0-60 Deg C for temperature.  

: 0-95.0 % for Relative Humidity.  

Accuracy : Better than +/_0.5 % for Temperature 

: Better than +/_2.5 % for Relative Humidity 

Mounting : Table Top/ wall mounting. 

Power
supply 

: 240 V AC, 50 Hz. 

Output : 4-20 mA signal each for temperature. 

Qty. : 15 nos. each of temperature & Humidity indicators ( combined  indicators 
for Humidity and temperature is also applicable). 

One Set of output signal is to be connected to respective control system. Apart from 
displaying the temperature/humidity values on indicator.  

21.00.00 Limit switches 

For offsite plant application Limit switches shall be gold plated with high conductivity and non 
corrosive type. Contact rating shall be sufficient to meet the requirement of DDCMIS subject 
to a minimum of 60 V, 6 VA rating. Protection class shall be IP 55. 

For main plant application limit switches are to be provided as per contractor standard and 
proven practice. 

22.00.00    SPECIFICATIONS OF EFFLUENT QUALITY MONITORING SYSTEM (EQMS) 

22.01.00    COMMON REQUIREMENTS FOR ALL ANALYSERS 

Sno Features Minimum Requirement 
1. Output signals Analog 4-20 mA DC galvanically isolated.  
2. Zero & span Adjustment To be provided with range selection facility 
3. Ambient temp 50 degC 
4. Sample Temperature 40 degC 
5. Indication Digital Alphanumeric Display of reading in 

engineering units shall be provided. 
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CONTROL VALVES, ACTUATORS & ACCESSORIES 

1.00.00 CONTROL VALVES, ACTUATORS & ACCESSORIES 
1.01.00 General Requirements 
1.01.01 The control valves and accessories equipment furnished by the Bidder shall be designed, 

constructed and tested in accordance with the latest applicable requirements of code for 
pressure piping ANSI B 31.1, the ASME Boiler & pressure vessel code, Indian Boiler 
Regulation (IBR), ISA, and other standards specified elsewhere as well as in accordance 
with all applicable requirements of the “Federal Occupational Safety and Health Standards, 
USA” or acceptable equal standards.  All the Control Valves, their actuators and accessories 
to be furnished under this Sub-section will be fully suitable and compatible with the 
modulating loops covered under the Specification. 

1.01.02 All the control valves and accessories offered by the Bidder shall be from reputed, 
experienced manufacturers of specified type and range of valves. 

1.01.03  For special type of control valves such as combined pressure and temperature control 
valves for Aux PRDS application, separator drain control valves, refer to the corresponding 
mechanical sections. 

1.01.04             Specification for control valves in this Sub-section has to be read in conjunction with other   
                        relevant Sub-sections of this specification. 

1.02.00 CONTROL VALVE SIZING & CONSTRUCTION 
1.02.01 The design of all valve bodies shall meet the specification requirements and shall conform to 

the requirements of ANSI (USA) for dimensions, material thickness and material specification 
for their respective pressure classes. 

1.02.02 The valve sizing shall be suitable for obtaining maximum flow conditions with valve opening 
at approximately 80% of total valve stem travel and minimum flow conditions with valve stem 
travel not less than 10% of total valve stem travel. All the valves shall be capable of handling 
at least 120% of the required maximum flow. Further, the valve stem travel range from 
minimum flow condition to maximum flow condition shall not be less than 50% of the total 
valve stem travel. The sizing shall be in accordance with the latest edition of ISA handbook 
on control valves. While deciding the size of valves, Bidder shall ensure that valves outlet 
velocity as defined in ISA handbook does not exceed 8 m/sec for liquid services, 150 m/sec. 
for steam services and 50% of sonic velocity for flashing services.  Bidder shall furnish the 
sizing calculations clearly indicating the outlet velocity achieved with the valve size selected 
by him as well as noise calculations, which will be subject to Employer’s approval during 
detailed engineering. 

1.02.03 Control valves for steam and water applications shall be designed to prevent cavitation, wire 
drawing, flashing on the downstream side of valve and down stream piping. Thus for 
cavitation/flashing service, only valve with anti cavitation trim shall be provided. Detailed 
calculations to establish whether cavitation will occur or not for any given application shall be 
furnished. 

1.02.04 Control valves for application such as SH Spray Control, RH spray Control, Heavy Oil 
Heating, pressurizing and Control system, HP/LP heater Emergency level control, 
Emergency Make-up to condenser hotwell, GSC minimum flow, Deaerator Drain to 
Condenser Hotwell, Condensate spill to condensate reserve tank, condenser normal make-
up and valve gland sealing supplying pressure control, CEPS minimum flow control, BFP
circulation control valve shall have permissible leakage rate as per leakage Class V. All 
other control valves shall have leakage rate as per leakage Class-IV as per ANSI / FCI 
/70.2,2006 or equivalent.
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1.02.05 The control valve induced noise shall be limited to 85 dBA at 1 meter from the valve surface 
under actual operating conditions. The noise abatement shall be achieved by valve body and 
trim design and not by use of silencers except for few cases as per contractor’s standard and 
proven practice subject to employer’s approval. 

1.02.06 Control valves for steam and water application shall be provided with rangability of 30:1 for 
all services except for applications wherein control valves are envisaged to be operated in 
lower range like Reheater spray and superheater spray system wherein control valve with 
rangability of 50:1 shall be provided 

2.00.00 VALVE CONSTRUCTION 
2.01.00 All valves shall be of globe body design & straightaway pattern with single or double port, 

unless other wise specified or recommended by the manufacturer to be of angle body type. 
Rotary valve may alternatively be offered when pressure and pressure drops permit. 

2.02.00 Valves with high lift cage guided plugs & quick-change trims shall be supplied. 

2.03.00 Cast Iron valves are not acceptable. 

2.04.00 Bonnet joints for all control valves shall be of the flanged and bolted type or other 
construction acceptable to the Employer. Bonnet joints of the internal threaded or union type 
will not be acceptable. 

2.05.00 Plug shall be of one-piece construction cast, forged or machined from solid bar stock. Plug 
shall be screwed and pinned to valve stems or shall be integral with the valve stems. 

2.06.00 All valves connected to vacuum on down stream side shall be provided with packing suitable 
for vacuum applications (e.g. double vee type chevron packing) 

2.07.00 Valve characteristic shall match with the process characteristics. 

2.08.00 Extension bonnets shall be provided when the maximum temperature of flowing fluid is 
greater than 280 deg. C. 

2.09.00 Flanged valves shall be rated at no less then ANSI press class of 300 lbs. 

3.00.00 VALVE MATERIALS 

Sr.
No. 

Service Body material Trim Material 

1 Non-corrosive, 
non-flashing 
and non-
cavitation
service except 
DM water 

Carbon steel ASTM-A216 Gr. 
WCB for design fluid 
temperature below 275 Deg. C  

316SS stellited with stellited 
faced guide posts and 
bushings. 

Alloy steel ASTM-A217Gr. WC6 
for design fluid temperature 
above 275 Deg. C and upto 400 
Deg. C 

Alloy steel ASTM-A217Gr. WC9 
for design fluid temperature 
above 400 Deg. C 

2. Severe 
flashing/cavitati
on services  

Alloy steel ASTM-A217 Gr. WC9 440 C 
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3. Low 
flashing/cavitati
on service  

Alloy steel ASTM-A217 Gr. WC6 17-4 PH SS  

4. DM water  
service  

316 SS 316 SS 

NOTE: (a)  Valve body rating shall meet the process pressure and temperature 
requirement as per ANSI B16.34. 

(b)  Severe flashing / cavitation services includes as a minimum all control 
valves whose downstream piping is connected to condenser or flash tank. 

However, Bidder may offer valves with body and trim materials better than specified 
materials and in such cases Bidder shall furnish the comparison of properties including 
cavitation resistance, hardness, tensile strength, strain energy, corrosion resistance and 
erosion resistance etc. of the offered material vis-a-vis the specified material for Employer’s 
consideration and approval. 

Contractor shall ensure that all required measures like proper selection of anti-
corrosive/erosive material along with durable epoxy coating with polyurethane finish shall be 
provided for all the C&I equipment/ devices being supplied in this contract, which are 
mounted in non-AC areas (prone to sea water environment corrosion / erosion) like 
measuring instruments, control valves & actuators, JBs, LIEs / LIRs, impulse pipes, sample 
pipes, fittings, conduits, cable trays and accessories, local control panels, erection hardware 
items etc. Contractor shall furnish their comprehensive proposal regarding the anti-corrosion/ 
erosion measures for protection against sea water environment which shall be finalized 
during detailed engineering subject to Employer’s approval. 

4.00.00 END PREPARATION 
Valve body ends shall be either butt welded/socket welded, flanged (Rubber lined for 
condensate service) or screwed as finalized during detailed engineering and as per 
Employer’s approval. The welded ends wherever required shall be butt welded type as per 
ANSI B 16.25 for control valves of sizes 65 mm and above.  For valves size 50 mm and 
below welded ends shall be socket welded as per ANSI B 16.11.  Flanged ends wherever 
required shall be of ANSI pressure-temperature class equal to or greater than that of the 
control valve body. 

5.00.00 VALVE ACTUATORS 
All control valves shall be furnished with pneumatic actuators except for pressure and 
temperature control valve for auxiliary PRDS application (electro-hydraulic / pneumatically 
operated) and separator drain control valve (electro-hydraulic type).The Bidder shall be 
responsible for proper selection and sizing of valve actuators in accordance with the pressure 
drop and maximum shut off pressure and leakage class requirements. The valve actuators 
shall be capable of operating at   60 deg.C continuously. 

Valve actuators and stems shall be adequate to handle the unbalanced forces occurring 
under the specified flow conditions or the maximum differential pressure specified. An 
adequate allowance for stem force, at least 0.15 Kg/sq.cm. per linear millimeter of seating 
surface, shall be provided in the selection of the actuator to ensure tight seating unless 
otherwise specified. 

The travel time of the pneumatic actuators shall not exceed 10 seconds. 
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6.00.00 CONTROL VALVE ACCESSORY DEVICES 
6.01.00 All pneumatic actuated control valve accessories such as air locks,  hand wheels/hand-jacks, 

limit switches, microprocessor based electronic Positioner,  diffusers, external volume 
chambers, position transmitters (capacitance or resistance type only), reversible pilot for 
Positioner, tubing and air sets, solenoid valves and junction boxes etc. shall be provided as 
per the requirements. 

7.00.00  SPECIFICATIONS FOR MICROPROCESSOR BASED ELECTRONIC POSITIONER 

1 Electrical 

   

a) Input Demand 
Signal  

4-20 mA  

b) Power Supply Loop Powered from the output card of 
Control System. 

c) HART Protocol Compatibility for Remote  Calibration & 
Diagnostics (Super-imposed HART signal 
on input Signal (4-20 mA) 

d. Valve position  
sensing 

Position sensing, 4-20 mA output signal to 
be provided for control system. 

2 Environment a) Operating temp. (-)30 To 80 Deg. C 

b) Humidity 0-95 % 

c) Protection class IP-65 Minimum 

3 Software for 
Configuration 
and
Diagnostics

Software Software shall meet the requirements for 
Configuration, Diagnostics, Calibration 
and Testing of the actuator. 

Diagnostic/Test 
features 

Advanced diagnostic features like Stroke 
counter or Travel counter, Leakage in 
actuators, Valve Signature analysis, Step 
Response test, Valve friction /Jamming 
detection etc to be provided. 

4 Test reports/ 
Certificates

Factory Valve Signature Tests Reports (Pr Vs Valve travel and 
Travel Vs I/P signal) are to be provided. 

Test certificates as per Manufacture Standard/Relevant 
Standard are to be submitted. 

5 Configuration/ 
Calibration. 

Remote & Local Calibration, Auto & Manual Calibration shall be 
possible. 

6 Operating 
Range 

Full range/ Split range. 

7 Modes Valve Action Direct / Reverse Valve 
Action
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Flow Characterization Possible to fit Valve 
Characteristic Curves- 
Linear , Equal 
percentage etc. 

8 Fail Safe/Fail 
Freeze 

Fail Safe/Fail Freeze feature is to be provided. (In case the fail 
freeze feature is not intrinsic to the positioner, Bidder shall 
achieve the same externally through solenoid valve connected 
in the pneumatic circuit). 

9 Pneumatic Air capacity Sufficient to handle the 
valves & actuators 
selected/ Boosters to be 
supplied, if required. 

Air pressure  To suit the air supply 
pressure/quality 
available.

Process connection ¼” NPT 

10 Performance Characteristic deviation <=0.5 % of span. 

Ambient temp effect <=0.01 %/ deg C or 
better. 

10 EMC & CE 
Compliance 

Required to International Standard 
like EN/IEC. 

EN50081-2 & EN50082 
or equivalent. 

11 Accessories In-built Operator Panel  Display with push buttons 
for configuration and 
display on the positioner 
itself (Password 
protected/Hardware lock). 

   Hand Held Hart Calibrator Universal Hart Calibrator 
to be provided (for 
quantity, refer Part-A: 
Contract quantities of the 
specification).  

   Press Gauge Block  For supply & output 
pressures, Air Filter 
Regulator and other 
accessories shall be 
provided on as required 
basis for making system 
complete.

   Electrical Cable Entry 1/2'”NPT, side or bottom 
entry to avoid water 
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ingress. 

   Valves Mounting Assembly For Sliding 
Stem/Rotary/Single 
acting/Double acting 
actuators on as required 
basis 

* Note:

The HART signals shall be picked up from marshalling terminals of DDCMIS (SG/TG 
DDCMIS as well as BOP DDCMIS), as applicable. The details of the above mentioned  
HART management system specification are mentioned in HART system (Annexure IIIC-02C 
to DDCMIS).

The positioners shall be monitored from this HART management system .To achieve this, 
Bidder shall provide the necessary software to achieve the functionalities described above 
under ” Software for Configuration and Diagnostics”, and this software shall be loaded in the 
HART management system. 

8.00.00 TEST AND EXAMINATION 
All valves shall be tested in accordance with the quality assurance programme agreed 
between the Employer and Contractor, which shall meet the requirements of IBR and other 
applicable codes mentioned elsewhere in the specifications. The tests shall include but not 
be limited to the following: 

8.01.00 Non Destructive Test as per ANSI B-16.34. 

8.02.00 Hydrostatic shell test in accordance with ANSI B 16.34 prior to seat leakage test. 

8.03.00 Valve closure test and seat leakage test in accordance with ANSI-B 16.34/ FCI 70.2 standard 
and as per the leakage class indicated above 

8.04.00 Functional Test: The fully assembled valves including actuators control devices and accesso-
ries shall be functionally tested to demonstrate times from open to close position. 

8.05.00 CV Test: Please refer Cl No. 1.00.00 & 3.00.00 OF Sub-section- IIIC-10 (Type test 
requirements), Control Valves.  

Bidder shall furnish all the control valves under this main plant package as finalized during 
detailed engineering stage without any price repercussions whatsoever depending on the 
process requirements.  All the control valves provided by the Bidder for this project shall 
meet the specifications requirements specified herein. Specification for control valves in this 
Sub-section has to be read in conjunction with other relevant Sub-sections of this speci-
fication. 
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1.00.00 CODES AND STANDARDS 

DC Reactor             IEC: 60289 

 Motor             IS: 4722/IS: 325/IEC: 60034/NEMA 30 & 31 

 Transformer             IEC: 60076/IS: 2026, IEC: 61378 

 Dry transformer            IS: 11171 

 VFD                         IEC: 60034/ IEC: 61800 

 Harmonics & EM compatibility         IEEE: 519/IEC: 61000 

 Contactor/Switches/Fuses etc.        IEC: 60947, IS: 13947 

2.00.00 OPERATING CONDITIONS 

2.01.00 For the purpose of design of equipment/systems, an ambient temperature of 50 deg. 
Centigrade and relative humidity of 95% shall be considered.   

2.02.00 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. 

2.03.00 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. 

2.04.00 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 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  and upto 1500 KW : Medium Voltage, Three Phase AC 

 Note: The voltage level mentioned above is the Nominal Voltage which is fed to the motor 
from the VFD. 

 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. 

2.05.00 For Power Cables & Control Cables, please refer technical specification given elsewhere in 
the document. 
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3.00.00 SYSTEM DESCRIPTION 

3.01.00 The VFD System shall include the following equipment for each drive. 

a) Power/control panels consisting of line converters, inverters and control system for 
drive including complete control & protection of drive and the motor.   

b) VFD transformer on the source side, as per system requirement. 

c) Breaker/Contactor on the VFD/Motor/Transformer/CT/PT/Meters/Bypass (if 
applicable) side with complete Control, Protection and Diagnostics features of the 
VFD, as per system requirement. 

d) Bypass Arrangement of the VFD system if specified. 

e)    DC air core reactor or capacitor, as per the system requirement. 

f)     Inverter Duty Motor suitable for VFD application 

g)     Power & control cables and cabling as required under the scope of supply in the 
technical specifications. 

4.00.00  GENERAL REQUIREMENTS

4.01.00 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.  

4.02.00 415 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.  

4.03.00 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. 

4.04.00 The offered equipment shall be with state of art technology and proven field track record. No 
prototype equipment shall be offered. 

4.05.00 The VFD model offered shall be from the existing VFD model series in the regular 
manufacturing range of the manufacturer. Along with the offer the Vendor shall submit the 
supply record and satisfactory performance record for 2 (two) years running of the offered 
VFD supplied in India or abroad. 

4.06.00 The VFD manufacturer shall ensure the proper coordination of their VFD with the Driven 
Motor and the Employer`s system. All the Motors which are to be driven by VFDs will be of 
Inverter duty type. The VFD operation shall have no inherent detrimental impact on the 
Motors/ cables & employer`s system.  

4.07.00 Vendor shall ensure availability of spare parts and maintenance support services for the 
offered equipment for at least for 15 years from the date of supply. After this period, if vendor 
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discontinues the production of spare parts, vendor shall give at least twelve (12) months’ 
notice prior to such discontinuation so that owner may order his requirements of spares in 
one lot. The offered VFD manufacturer should have their maintenance service & spares 
supply network in India to provide quick maintenance service & Spares supply support. The 
vendor shall indicate the source for supply of spares & Maintenance service location in India.  

5.00.00 TECHNICAL AND OPERATIONAL REQUIREMENTS 

5.01.00 The system shall be designed to deliver the motor input current and torque for the complete 
speed torque characteristics of the driven equipment, with maximum input supply voltage and 
frequency variation. The system shall be suitable for the load characteristics and the 
operational duty of the driven equipment. 

5.02.00 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.  

5.03.00 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. 

 d. Any other as specified in data-sheet 

5.04.00 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.  

5.05.00 The compliance shall be verified by the contractor by Harmonic studies conducted with 
maximum and minimum fault level, cable capacitance, system equipment reactance etc.  
Finally, the compliance shall be verified by the field measurements of harmonics at the PCC 
with and without VFDs operation. 

5.06.00 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. 

5.07.00 The system shall be suitable to maintain speed variation within range 10-110% with speed 
set accuracy of +1% of rated maximum speed and steady state regulation of +0.5% of rated 
speed as per system requirement. 

5.08.00 The VFD System shall maintain a power factor of 0.95 (minimum) from   25 % to 100 % of 
rated speed. 

5.09.00 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. 

6.00.00 VFD COMPATIBILITY WITH THE MOTOR 

6.01.00 For MV VFD Drives, to ensure that there are no problems with motor heating, VFD output 
current waveform, as measured at the motor, shall be inherently sinusoidal at nominal loads, 
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with a total harmonic current and voltage distortion within acceptable/standard limits. VFD 
utilizing output transformers are not acceptable. 

6.02.00 The system design shall not have any inherent output harmonic resonance in the operating 
speed range. 

6.03.00  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.  

7.00.00 BYPASS ARRANGEMENT (OPTIONAL, IF SPECIFIED) 

7.01.00 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.  

7.02.00 Comprehensive motor protection scheme for protection and control for operation VFD during   
bypass mode shall be finalized during detailed engineering. 

8.00.00 STANDBY VFD ARRANGEMENT (OPTIONAL, IF SPECIFIED)  

8.01.00 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.  

9.00.00 EFFICIENCY 

9.01.00 Efficiency ( Drive only) shall be minimum 98% for both MV VFD and LV VFD. Overall 
efficiency shall be minimum 96.5% for both MV and LV 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. 

9.02.00 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. 

10.00.00 COOLING SYSTEM 

10.01.00 The VFD shall be designed to operate indoor under temperature range of 0 deg C to 50 deg 
C and relative humidity of 95%. 

10.02.00 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. 

10.03.00 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.   

10.04.00 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 
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proper operation of the air cooling system. If the fan fails, the system must generate the 
alarm/trip for the fan failure. 

11.00.00 VFD TRANSFORMER: 

11.01.00 Type: Out door, Mineral oil filled ONAN type or Indoor natural air-cooled Dry type, Three 
phase unit, rectifier/converter duty type transformer. 

11.02.00 Transformer shall be suitable for operation with non-sinusoidal wave shape and DC 
components under normal and abnormal conditions of the system without exceeding the 
temperature. 

11.03.00 Suitable Design Margin as per applicable standards shall be taken for purpose of sizing of 
the transformer. 

11.04.00 All other components, technical parameters shall be as per applicable IEC/IS. 

12.00.00 POWER CONVERTER: 

12.01.00 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. 

12.02.00 The converter shall be co-ordinated with the transformers. The converter shall be able to 
withstand a three phase short circuit current until interrupted by normal breaker operation. 

12.03.00 Adequate short circuit and over voltage protection shall be provided for the converter and 
inverter system. 

12.04.00 All power converter devices shall include protective devices, snubber networks and dv/dt 
networks as required. 

12.05.00 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. 

12.06.00 All power diodes shall be of silicon type with minimum VBO rating at 2.5 times the rated 
operating voltage. 

12.07.00 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. 

12.08.00 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. 

13.00.00 OUTPUT FILTER (AS APPLICABLE): 

13.01.00 Output/ du/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. 

14.00.00 DC LINK CAPACITOR (AS APPLICABLE):

14.01.00 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 discharge resistors 
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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. 

15.00.00 ENCLOSURE 

15.01.00 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. 

15.02.00 The cable entry shall be from the bottom of the panel and a removable bolted un-drilled gland 
plate.

15.03.00 All Panels shall be of dust-proof and vermin-proof construction and shall be provided with a 
degree of protection of IP: 4X as per IS/IEC 60947. 

15.04.00 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. 

15.05.00 Each panel shall be provided with illuminating lamp, space heater with switch fuse and 
variable setting thermostat.

16.00.00 PAINTING 

 Paint shade shall be as follows 

a) VFD transformer : RAL 9002 (Grey), legend in black letter 

b) Motors : RAL 5012 (Blue) 

c) VFD Panels : Front and rear panels in Grey (RAL9002). End panel 
sides in blue (RAL 5012) 

d)  VFD reactor 
enclosure 

: RAL 5012 (Blue), legend in black letter 

17.00.00 BREAKER/CONTACTOR

17.01.00 Type: Shall be SF6 or Vacuum type or air-break restrike free, stored energy operated and 
with electrical anti-pumping features. 

17.02.00 These shall be electrically operated, mechanically latched type & shall have protection 
against over load, all AC/DC transients and voltage surges etc.  Electronic control module 
shall be electrically isolated. 

17.03.00 All other components, technical parameters shall be as per applicable IEC/IS. 

18.00.00 MOTORS

18.01.00 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. 

18.02.00 Motors shall also meet the requirements mentioned in subsection for motors and relevant 
IS/IEC.   
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18.03.00 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. 

18.04.00 Motor insulation shall be designed to accept the applied voltage waveform, within the Vpeak 
and dv/dt limits as per IEC-61800. 

18.05.00 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. 

19.00.00 CABLES & CABLING 

19.01.00 All the power cable for the VFD System shall have sufficient current capacity and shall be 
suitably sized to meet the load demand on the motor. 

19.02.00 VFD Manufacturer shall submit cable sizing & selection criteria of drive cables  including 
grounding/ earthing philosophy to address all the key  issues such as EM Noise emissions, 
Common mode noise, voltage reflections, stray capacitances etc.,  for owner`s review and 
approval.

19.03.00 Cables shall be suitable for laying on racks, in ducts, trenches, conduits and underground 
buried installation with chances of flooding by water. The instrumentation and other control 
cables susceptible to interference shall be routed separately from the Power Cables. 

19.04.00 For other control/instrumentation Cables and other components, technical parameters shall 
be as per applicable IEC/IS/Mentioned Elsewhere in the specifications. 

20.00.00 CONTROL AND PERFORMANCE REQUIREMENTS 

20.01.00 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. 

20.02.00 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. 

20.03.00 Provision shall be kept for exchange of information between different VFD control system 
parameters thru PLC/DDCMIS. 

20.04.00 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. 

20.05.00 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. 

20.06.00 User-friendly licensed software for operation and fault diagnostic shall be loaded in the drive 
system panel before commissioning. 

21.00.00 PROTECTION FEATURES 

21.01.00 The system offered shall incorporate adequate protection features, properly coordinated for 
the drive control and for motor including following: 
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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. 

viii)  Ventilation failure indication & alarm. 

ix)  Over temperature of VFD  

x)  Bearing temperature protection. 

xi)  System earth fault protection. 

xii)  Speed reference loss protection. 

21.02.00 Under VFD Bypass Mode (if applicable) all the electrical protections related to the Motor shall 
remain applicable. 

22.00.00 CONTROL FEATURES 

22.01.00 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 

22.02.00 DIAGNOSTIC FEATURES 

22.02.01 The VFD shall include a microprocessor/PLC based digital diagnostic system which monitors 
its own control functions and displays faults and operating conditions. 

22.02.02 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 
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electronics (firmware) for the diagnostics / display shall be taken care of by the manufacturer 
for this purpose. 

22.03.00 SERVICEABILITY / MAINTAINABILITY 

22.03.01 Front Access: VFD system should be designed for front access only. Manufacturer shall state 
in his proposal if rear access is provided. 

22.03.02 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. 

22.03.03 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. 

23.00.00 STORAGE AND PRESERVATION 

23.01.00 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. Vendor shall submit powering requirement (if any) during 
storage. 

24.00.00 TESTS 

24.01.00 ROUTINE TESTS 

All acceptance and routine tests as per the specification and standard IEC -61800-2 and IEC 
61800-4 shall be carried out.

24.02.00 TYPE TESTS

  The Contractor 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 tests 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.  In case 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 case the type test report(s) are not found to be meeting the specification 
requirements, the Contractor shall conduct all such tests under this contract free of cost to 
the Employer and submit the reports for approval. 

24.02.01 LIST OF TYPE TESTS

 a) VFD panels (For LV VFD)  

i. Rated Current/ Output 

ii. Temperature rise test 

iii. Surge withstand capability test 

iv. Noise level test 

v. Power Loss Determination Test 

vi. Power factor measurement. 
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vii. Degree of Protection Test 

viii. EMC Test 

 b) VFD Panels (For MV VFD) 

i. Rated Current/ Output 

ii. Current Sharing 

iii. Voltage Division 

iv. Temperature rise test 

v. Surge withstand capability test 

vi. Noise level test 

vii. Power Loss Determination Test 

viii. Power factor measurement. 

ix. Degree of Protection Test 

 c) AC/DC Reactor (If applicable) 

i. Lightning impulse test 

ii. Heat run test 

iii. Short time current test 

iv. Noise level test 

 d) Induction motors   

      i. As per requirements mentioned in subsection for motor. 

e) VFD transformers 

i. As per requirements mentioned in subsection for Transformer/ IEC 60076/IS    2026 
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3.07.00 Penetration of water resistance and impact resistance shall be as per IEC standard. 

4.00.00 SPCIFICATION OF CONTROL & POWER SUPPLY CABLES

 Refer Electrical sub-sections  

5.00.00 INSTRUMENTATION CABLE INTERCONNECTION AND TERMINATION PHILOSOPHY

The cable interconnection philosophy to be adopted shall be such that extensive grouping of 
signals by large scale use of field mounted Group Junction Boxes (JBs) at strategic locations 
(where large concentration of signals are available, e.g. valves limit & torque switches, 
switchgear) is done and consequently cable with higher number of pairs are extensively 
used. The details of termination to be followed are mentioned in the given Table A. 

                          TABLE A: CABLE TERMINATION TO BE FOLLOWED 

Application Type Of Termination Type Of 
Cable

FROM (A) TO (B) END A END B 

Valves/dampers 
drives (Integral 
Junction box) 

Marshalling / 
Marshalling – cum  
Termination Cubicle 
/ local group JB  

Plug in 
connector 

Post mount 
cage clamp 
type.

G

Transmitters, 
Process Actuated 
switches mounted 
in LIE/LIR 

Integral Junction box 
of LIE/LIR 

Plug in 
connector 

Cage clamp 
(Rail mount) 
type.

F,G

RTD heads Local junction box Plug in 
connector 

Cage clamp 
(Rail mount) 
type.

F

Thermocouple  Local junction box / 
CJC box (if 
applicable) 

Plug in 
connector 

Cage clamp 
(Rail mount) 
type.

A, B, C* 

Other Field 
mounted Instrument 

Local JB / Group JB Plug in 
connector 

Cage clamp 
(Rail mount) 
type.

F,G

RTD Temperature 
transmitter

Plug in 
connector 

Screwed, 
Cage clamp 
type

F

Thermocouple Temperature 
transmitter

Plug in 
connector 

Screwed, 
Cage clamp 
type

A, B, C* 

Local Junction box, 
Temperature 
Transmitter, Int. 
Junction box of LIE/ 
LIR/ MCC/SWGR 

Group JB Cage clamp 
(Rail mount) 
type.

Cage clamp 
(Rail mount) 
type.

F,G
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Application Type Of Termination Type Of 
Cable

FROM (A) TO (B) END A END B 

Local Junction box, 
Temperature 
Transmitter, Int. 
Junction box of LIE/ 
LIR/ Group JB / 
MCC/SWGR 

Marshalling / 
Marshalling – cum  
Termination Cubicle  

Cage clamp 
(Rail mount) 
type.

Cage clamp 
(Post
mounted) 
type.

F,G

Marshalling cubicle/ 
Termination Cabinet 

Electronic system 
cabinet 

Cage clamp 
(Post mounted) 
type.

Plug-in
connector / 
other
system as 
per Mfr.’s 
Standard

Internal
wiring 

Marshalling/ 
Termination System 
Cabinets  

UCD mounted 
equipments 

Cage clamp 
(Post mounted) 
type.

Plug in 
connector / 
Cage clamp 
type (rail 
mounted). 

F,G
(with
plug-in 
connect
or at 
one
end)

DDCMIS/PLC
cabinets 

PC, Printers etc. Plug in 
connector 

Plug in 
connector 

Mfr.’s
Standar
d

Notes 1 Normally 10% spare cores shall be provided when the numbers of pairs of 
cables are more than four pairs, except for pre-fabricated cables which shall 
be as per manufacturer’s standard. 

 2

3

For analog signals, individual pair shielding & overall shielding & for Binary 
signals, only overall shielding of instrumentation cables shall be provided. 

* For high temperature applications only. 

 4 .  For connection between field/JB and DDCMIS marshalling cabinet      

  minimum 4 pair instrumentation cable shall be used. 

 5 All the spare cores of instrumentation cable have to be terminated in 
Marshalling cabinets/ DCS panel end. 

 6 For Cable type and cable termination scheme for the instruments/ 
equipment that are connected to Steam Turbine and Generator (STG) 
control system defined at Part A, sub section IIC, clause no. 2.03.01 (a) (ii) 
above and hydrogen generation plant auxiliaries system, Contractor’s 
standard and proven practice is also acceptable. However, for termination 
of instrumentation cable at marshalling cabinets/DCS panel end, cage-
clamp termination shall be offered.  For power and control cable 
termination, Contractor’s standard and proven practice would be acceptable 
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6.00.00 TERMINAL BLOCKS

6.01.00 All terminal blocks shall be rail mounted/post mounted, cage clamp type with high quality 
non-flammable insulating material of melamine suitable for working temperature of 105 deg. 
C.  The terminal blocks in field mounted junction boxes, temperature transmitters, instrument 
enclosures/racks, etc., shall be suitable for cage clamp connections. The terminal blocks in 
Control Equipment Room logic/termination/marshalling cubicles shall be suitable for post 
mounted cage clamp connection at the field input end. The exact type of terminal blocks to 
be provided  by  the Bidder and the technical details of the same including width etc. shall be 
subject to Employer’s approval. 

6.02.00 All the terminal blocks shall be provided complete with all required accessories including 
assembly rail, locking pin and section, end brackets, partitions, small partitions,  transparent 
covers, support brackets, distance sleeves, warning label, marking, etc. 

6.03.00 The marking on terminal strips shall correspond to the terminal numbering on wiring 
diagrams.  At least 20% spare unused terminals shall be provided everywhere including local 
junction boxes, instrument racks/enclosures, termination/marshalling cabinets, etc. All 
terminal blocks shall be numbered for identification and grouped according to the function.  
Engraved labels shall be provided on the terminal blocks. 

6.04.00 For terminating each process actuated switches, drive actuators, control valves, 
Thermocouple, RTD, etc. in Local Junction Boxes, etc, refer Drg no. 0000-999-POI-A-065. 

6.05.00 The terminal blocks shall be arranged with at least 100 mm clearance between two sets of 
terminal blocks and between terminal blocks and junction box walls. 

7.00.00 INTERNAL PANELS/ SYSTEM CABINETS WIRING

7.01.00 Internal panel/cabinet wiring shall be of multi-stranded copper conductor with FRLS PVC 
insulation without shield and outer sheath meeting the requirements of VDE 0815. 

7.02.00 All internal wires shall be provided with tag and identification nos. etched on tightly fitted 
ferules at both ends. All wires directly connected to trip devices shall be distinguished by one 
additional red colour ferrule. 

7.03.00 All external connection shall be made with one wire per termination point. Wires shall not be 
tapped or spliced between terminal points. 

7.04.00 All floor slots of desk/panels/cabinets used for cable entrance shall be provided with 
removable gasketed gland plates and sealing material. Split type grommets shall be used for 
prefabricated cables. 

7.05.00 All the special tools as may be required for solder less connections shall be provided by 
Bidder. 

7.06.00 Wire sizes to be utilised for internal wiring. 

(i) Current (4-20 mA), low voltage signals (48V); 
Ammeter/Voltmeter circuit, control switches etc. 
for electrical system. 

0.5 Sq.mm. 

 (ii) Power supply and internal illumination. 2.5Sq.mm. minimum (shall be as 
per load requirement.) 
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8.00.00 INSTRUMENTATION CABLE INSTALLATION AND ROUTING

8.01.00 All cables assigned to a particular duct/conduit shall be grouped and pulled in simultaneously 
using cable grips and suitable lubricants. Cables removed from one duct/conduit shall not be 
reused without approval of Employer. 

8.02.00 Cables shall be segregated as per IEEE Std.-422. In vertically stacked trays, the higher 
voltage cable shall be in higher position and instrumentation cable shall be in bottom tier of 
the tray stack.  The distance between instrumentation cables and those of other system shall 
be as follows: 

From 11 kV/6.6 kV/3.3 kV tray system  -  914 mm 

From 415V tray system  -  610 mm 

From control cable tray system  -  305 mm 

8.03.00 Cables shall terminate in the enclosure through cable glands. All cable glands shall be 
properly gasketed. Sealing (to prevent ingress of dust entry and propagation of fire) shall be 
provided for all floor slots used for cable entrance. Compression cable glands (double for 
armoured and single for other cables) shall be provided. 

8.04.00  Not in use 

8.05.00 The cables emanating from redundant equipment/devices shall be routed through different 
paths. The above segregation of cables & wiring for redundant equipments/devices shall be 
in accordance with IEEE-Std-422. 

9.00.00 CABLE LAYING AND ACCESSORIES 

9.01.00 CABLE LAYING 

1  Cables shall be laid strictly in line with cable schedule.

2  Identification tags for cables. 

  Indelible tags to be provided at all terminations, on both sides of wall or floor 
crossing, on each conduit/duct/pipe entry/exit, and at every 20 m in cable 
trench/tray.

3  Cable tray numbering and marking. 

  To be provided at every 10m and at each end of cable way & branch connection. 

4  No jointing is permissible for Instrumentation cables. For other cables Jointing for 
more  than 250 Meters run of cable shall  be permitted. 

5  Buried cable protection 

  With concrete slabs; Route markers at every 20 Meters along the route & at every 
bend. 

6  Road Crossings 

  Cables to pass through buried high density PE pipes encased in PCC. At least 300 
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mm clearance shall be provided between 

  - HT power & LT power cables, 

  - LT power & LT control/instrumentation cables, 

  Spacing between cables of same voltage grade shall be in accordance with the 
derating criteria adopted for cable sizing. 

7 Segregation (physical isolation to prevent fire jumping) 

  a All cable associated with the unit shall be segregated from cables of other 
Units. 

  b Interplant cables of station auxiliaries and unit critical drives shall be 
segregated in such a way that not more than half of the drives are lost in case 
of single incident of fire. 

8  Cable clamping 

  All cables laid on trays shall be neatly dressed up & suitably clamped/tied to the 
tray. For cables in trefoil formation, trefoil clamps shall be provided. 

9  Optical fiber cables ( OFCs) : 

Outside Building Area - to be laid necessarily inside GI conduit with support from 
cable tray/Trestle structure 

Inside Building Area – to be laid on separate cable sub-trays

While  buried-  in separate burried   trench approx.1.0 meter depth, to be laid in 2” 
rodent proof HDPE conduits covered with sand, brick, laid breadth-wise and soil 
along the pipe line route by contractor;   

While crossing roads - to be laid in GI/ rodent proof HDPE conduits with sand filling 
at bottom and sand, soil filling at top with cement concrete;  

While crossing canals/river- to be laid in rodent proof HDPE conduits within hume 
pipe. 

                         10       Laying of Network Cable (UTP/STP) : 

 Out side Building Area- to be laid necessarily inside GI conduits with support 
from cable tray / Trestle structure.

 Inside Building Area- to be laid necessarily inside GI conduits on separate 
cable sub-trays. 

9.02.00 Bidder shall supply and install all cable accessories and fittings like Light Interface Units, 
Surge suppressors, Opto isolators, Interface Converters, Fibre Optic Card Cage, Fibre Optic 
Line Driver, Repeater / Modem (for Optical Fibre Cables), cable glands, grommets, lugs, 
termination kits etc. on as required basis. 

9.03.00 Cables, which terminate in cabinets of draw out sections shall have sufficient cable coiled in 
the bottom of the cabinet to permit full withdrawal of draw out sections without disconnecting 
the cables. When prefabricated cables with factory connectors on both ends are longer than 
required, the excess cable shall be coiled in the bottom of one or both termination cabinets. 
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9.04.00 The Bidder shall be responsible for proper grounding of all equipment under this package.  
Further, proper termination of cable shields shall be verified and the grounding of the same 
shall be coordinated so as to achieve grounding of all instrumentation cable shields at same 
potential.  This shall be completed prior to system tests. 

9.05.00 The Contractor shall take full care while laying / installing cables as recommended by cable 
manufacturers regarding pulling tensions and cable bends. Cables damaged in any way 
during installation shall be replaced at the expense of the Contractor.  

10.00.00 FIELD MOUNTED LOCAL JUNCTION BOXES

(i) No. of ways 12/24/36/48/64/72/96/128 with 20% spares terminals. 

(ii) Material and 
Thickness 

4mm thick Fiberglass Reinforced Polyester (FRP). 

(iii) Type Screwed at all four corners for door. Door gasket shall be of 
synthetic rubber. 

(iv) Mounting clamps 
and accessories 

Suitable for mounting on walls, columns, structures etc. The 
brackets, bolts, nuts, screws, glands required for erection shall 
be of SS, included in Bidders scope of supply. 

(v) Type of terminal 
blocks

Rail mounted cage-clamp type suitable for conductor size upto 
2.5 mm2. A M6 earthing stud shall be provided. 

(vi) Protection Class IP: 55 minimum for indoor & IP-65 minimum for outdoor  
applications. 

(vii) Grounding To be provided. 

(viii) Color RAL 7035 

11.00.00 CONDUITS 

11.01.00 Conduits shall be generally used for interconnecting cables from field instruments to Local 
JB’s. All rigid conduits, couplings and elbows shall be hot dipped galvanised rigid mild steel 
in accordance with IS: 9537 Part-I (1980) and Part-II (1981). The conduit interior and exterior 
surfaces shall have continuous zinc coating with an overcoat of transparent enamel lacker or 
zinc chromate. Flexible conduit shall be heat resistant lead coated  galvanized steel  with , 
water leak, fire and rust proof protected for the areas of Mills,Drum, Main Steam, RH steam 
Air Heaters and Furnace, BFPDT’s . 

 And for remaining applications, water leak, fire and rust proof flexible GI conduits shall be 

provided. The temperature rating of flexible conduit shall be suitable for actual application.   

11.02.00 All rigid conduit fittings shall conform to the requirements of IS: 2667, 1976. Galvanized steel 
fitting shall be used with steel conduit. All flexible conduit fittings shall be liquid tight, 
galvanized steel. The end fittings shall be compatible with the flexible conduit supplied. 

11.03.00 Conduit sealing, explosion proof, dust proof and other types of special fittings shall be 
provided as required by these specifications and shall be consistent with the area and 
equipment with which they are installed.  Fittings installed outdoors and in damp locations 
shall be sealed and gasketed.  Hazardous area fittings and conduits sealing shall conform 
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with NEC requirements for the area classification. 

11.04.00 Contractor shall provide double locknuts on all conduit terminations not provided with 
threaded hubs and couplings. Water tight conduit unions and rain tight conduit hubs shall be 
utilised for all the application which shall be exposed to weather. Moisture pockets shall be 
eliminated from conduits. 

11.05.00 Conduits shall be securely fastened to all boxes and cabinets. 

12.00.00 CABLE SUB-TRAY & SUPPORT

12.01.00 The cable sub-trays and the supporting system, to be generally used between Local/Group 
JBs and the main cable trays and the same shall be furnished and installed by the 
Contractor. It is the assembly of sections and associated fittings forming a rigid structural 
system used to support the cable from the equipment or instrument enclosure upto the main 
cable trays (trunk route). 

12.02.00 The covers on the cable sub-trays shall be used for protection of cables in areas where 
damage may occur from falling objects, welding spark, corrosive environment, etc. & shall be 
electrically continuous and solidly grounded.  
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MEASURING INSTRUMENTS (PRIMARY AND SECONDARY) 
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1. PR Gauge (IS-3624) Y Y Y Y Y     
2. Temp. Gauge (BS-5235) Y Y Y Y Y     
3. Pr./D.P.Switch(BS-6134) Y Y Y Y Y Y    
4. Electronic Transmitter(IEC-
770) 

Y Y Y Y Y Y    

5. Temp. Switch Y Y Y Y Y Y    
6. Recorder(IS-9319/ANSI C-
39.4) 

Y Y Y Y Y Y    

7. Vertical indicators Y Y Y Y  Y    
8. Digital Indicators Y Y Y Y  Y    
9. Integrators Y Y Y Y      
10. Electrical Metering 
Instrument      (IS-1248) 

Y Y Y Y Y Y    

11. Transducer (IEC-688) Y Y Y Y Y Y    
12. Thermocouples (ANSI-
MC-96.1) 

Y Y Y Y Y Y    

13. RTD(IEC-751) Y Y Y Y Y Y    
14. Thermowell Y   Y    Y Y Y 
R-Routine Test     A- Acceptance Test          Y – Test applicable 
:  
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15. Cold junction 
compensation box 

Y Y Y Y     Y    

16. Orifice plate(BS-1042) Y Y Y Y
* 

Y Y
** 

Y
** 

  Y Y
** 

Y

17. Flow nozzle(BS-1042) Y Y Y Y
* 

Y Y Y   Y Y Y

18. Impact head type element Y Y Y     Y    Y
19. Level transmitter/float 
type switch 

Y Y Y Y     Y Y Y Y

20. Flue Gas analyser Y Y Y Y         
21. Dust emission monitors Y Y Y Y         
*Calibration to be carried out 
on one flow element of each 
type and size if calibration 
carried out as type test same 
shall not be repeated. 
 

            

** If applicable             
R-Routine Test         A- Acceptance Test                         Y – Test applicable 
Note: 1) Detailed procedure of Environmental Stress screening test shall be as per 

Quality Assurance. Programme in General  Technical Conditions 
         2)  This is an indicative list of tests/checks.  The manufacturer is to furnish a 

detailed quality plan indicating the Practices and Procedure adopted 
alongwith relevant supporting documents. 
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CLAUSE NO. QUALITY ASSURANCE 

EPC PACKAGE FOR  
PATRATU SUPER THERMAL POWER 

STATION EXPANSION PHASE–I (3X 800MW) 

TECHNICAL SPECIFICATION 
SECTION-VI, PART-B 

BID DOC NO.:CS-9585-001-2  

SUB-SECTION-E-68 
ELECTRICAL ACTUATOR 

WITH INTEGRAL STARTER 
Page 1 of 1 

 

ELECTRICAL ACTUATOR WITH INTEGRAL STARTER 

          Test/Attributes 
           Characteristics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ITEM/ 
COPONENT/ 
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TESTING R
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 C
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 c
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tc

.) 
(A

) 

ELECTRICAL 
ACTUATOR WITH 
INTEGRAL
STARTER(IS_9334) 

             

   Motor Y Y Y Y Y         
   Final Testing Y Y Y Y Y Y Y Y Y Y Y Y Y 
Note: 1)  Detailed procedure of Environmental Stress Screening test shall be as per Quality 

Assurance Programme in General Technical Conditions. Requirement of test and 
procedure finalized during QP finalization 

          2)  This is an indicative list of tests/checks. The manufacturer is to furnish a detailed 
quality plan indicating the practices and  procedure adopted along with relevant 
supporting documents. 

 
® - Routine  Test                (A) - Acceptance Test                Y - Test applicable 
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  EPC PACKAGE FOR  
PATRATU SUPER THERMAL POWER STATION EXPANSION 

PHASE–I (3X 800MW 

TECHNICAL SPECIFICATION 
SECTION-VI, PART-B 

BID DOC NO.:CS-9585-001-2  
 
 
 

SUB-SECTION–E-58

VFD MODULES 
.
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CLAUSE NO. 
QUALITY ASSURANCE 

EPC PACKAGE FOR  
PATRATU SUPER THERMAL POWER 

STATION EXPANSION PHASE–I (3X 800MW) 

TECHNICAL SPECIFICATION 
SECTION-VI, PART-B 

BID DOC NO.:CS-9585-001-2  

SUB-SECTION-E-58 
VFD MODULES Page 1 of 5 

 

VFD MODULE SQE_28 
       ATTRIBUTES /

CHARACTERISTICS 
 
 

ITEMS/COMPONENTS,  
SUB SYSTEM  
ASSEMBLY 
 

Visua
l & 
Dime
nsion
al 
chec
ks 

Make / 
Type / 
Rating 
etc. 

Final 
Inspectio
n as ISS 
/ IEC 

 Remarks 

HT Breaker (IEC 56) Y Y Y  

DC Reactor Y Y   For details refer table for DC 
Reactor 

Transformer Y Y  For details refer table for 
Transformer 

Motor Y Y   For details refer separate table 
for Motor 

VFD Panel Y Y  For details refer table for VFD  

 
 
Note : 1)  This is an indicative list of tests/checks.  The manufacture is to furnish a detailed Quality  
                 Plan indicating the practices & Procedure followed alongwith relevant supporting  
                 documents during QP finalisation.  
           2)  Make of all major Bought Out Items will be subject to NTPC approval.     
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CLAUSE NO. 
QUALITY ASSURANCE 

EPC PACKAGE FOR  
PATRATU SUPER THERMAL POWER 

STATION EXPANSION PHASE–I (3X 800MW) 

TECHNICAL SPECIFICATION 
SECTION-VI, PART-B 

BID DOC NO.:CS-9585-001-2  

SUB-SECTION-E-58 
VFD MODULES Page 2 of 5 

 

 
DC REACTOR 

 ATTRIBUTES / 
CHARACTERISTICS 
 
 
 
 

ITEMS/COMPONENTS, 
SUB SYSTEM 
ASSEMBLY 
 V

is
ua

l 

D
im

en
si

on
al

  
 M

ec
h.

 &
 C

he
m

. P
ro

pe
rty

 

E
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al
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t b
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l I
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n 
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 p
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-2
02
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W
el

di
ng

/N
D

T 

Winding Material 
(Aluminium) 

Y Y Y Y     

Insulation Material Y Y   Y        

Sheet Steel Y Y  Y          

Winding Y Y  Y      

Fabrication of Enclosures Y Y    Y Y   Y 

Assembly Y Y             

Routine Tests Y Y          Y   

 
 
Note :  1)  This is an indicative list of tests/checks. The manufacturer to furnish a 

detailed Quality Plan indicating their practice & procedure along with 
relevant supporting documents during QP finalisation for all items. 

           2)  All major Bought Out Items will be subject to NTPC approval. 
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Visual & Dimensional 
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CLAUSE NO. 
QUALITY ASSURANCE 

EPC PACKAGE FOR  
PATRATU SUPER THERMAL POWER 

STATION EXPANSION PHASE–I (3X 800MW) 

TECHNICAL SPECIFICATION 
SECTION-VI, PART-B 

BID DOC NO.:CS-9585-001-2  

SUB-SECTION-E-58 
VFD MODULES Page 4 of 5 

 

DRY TYPE TRANSFORMER 
      Attributes /  
      Characteristics 
 
 
 
 
 
 
 
Items/Components 
Sub Systems 
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l &
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al
 c
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/ D
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 /T
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P
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f c
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&
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 b
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w
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n 
w

in
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ng
 

R
ou
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e 

Te
st

 

Enclosure door, H.V. & L.V. 
Cable Box / Flange Throat Y Y      Y     

Copper Conductor Y Y Y  Y        
Insulating Material Y   Y Y        
CRGO Lamination & Built 
Core Y            

Bushing /Insulator                   
( IS:2544 / 5621) Y       Y  Y   

Gasket Y       Y  Y   
Off-Circuit Tap Changer Y       Y     
Core Coil Assembly Y      Y      
Marshalling Box Y         Y   
WTI, Thermister, Terminal 
Connector Y       Y     

Welding         Y    
Complete Transformer           
(IS:11171 / IEC 60076) Y          Y Y 

Notes:   1)  This is an indicative List of test/checks. The manufacturer is to furnish 
a detailed Quality Plan indicating his practice and procedure along 
with relevant supporting documents during QP finalization for all item. 

2) All major Bought out Items will be subject to NTPC approval. 
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CLAUSE NO. 
QUALITY ASSURANCE 

EPC PACKAGE FOR  
PATRATU SUPER THERMAL POWER 

STATION EXPANSION PHASE–I (3X 800MW) 

TECHNICAL SPECIFICATION 
SECTION-VI, PART-B 

BID DOC NO.:CS-9585-001-2  

SUB-SECTION-E-58 
VFD MODULES Page 5 of 5 

 

VFD PANEL 
          Attributes 
          Characteristics 
 
 
 
 
 
Item Components  
Sub System Assembly  
 

E
le

ct
ric

al
 P

ro
pe

rti
es

  

M
ec

ha
ni

ca
l P
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l t
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 p
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S
/IE

C
  

Sheet Steel (IS-513)  Y Y Y           
Aluminum / Copper Bus-
bar(IS-5082/IS-613/IS-
1987) 

Y Y Y Y           

Support Insulator (BS-
2782/IEC-660/IS-10912) 

Y Y Y Y           

Control / Selector 
Switch(IS-6875) 

    Y Y Y        

Contactor/ MCB(IS-13947)     Y Y Y        
O/L Protection relays(IS-
3231) 

    Y  Y        

C.T /V.T/ Indicating 
Meter(IS-2705/3156/1248) 

    Y Y Y        

Fuse/ Fuse carrier(IS-
13703) 

    Y Y Y        

Terminals/lugs/pvc 
wires(IS-13947//IS-694) 

Y   Y Y Y Y        

Timers(IS-3231)     Y Y Y        
Push Button/ Lamp/ (IS-
6875) 

    Y Y Y        

Control Transformer (IS-
12021) 

    Y Y Y        

Mimic, Annunciater     Y  Y        
GASKET(IS-11149)  Y Y Y Y  Y        
Fabrication        Y       
Pretreatment & Painting         Y Y     
VFD panel          Y Y Y Y Y 
 
NOTE: 
 
1. This is an indicative list of Test/ Checks. The manufacturer to furnish a detailed Quality Plan 

indicating the practice and procedure along with relevant supporting documents. 
2. All major Bought Out Items  will be subject to NTPC approval. 
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STANDARD CHECK LIST FOR C&I INSTRUMENTS (for Maux Pkgs)

Sl. Test / Checks Quantum Reference Doc. / Remarks
No. of check Acceptance Norms M C B

CHECK FOR 

TYPE
 MAKE
 MODEL No.

2 MATERIAL (BODY. 
PLUNGER/TRIM)

P W V

3 PORT SIZE P W V
4 CABLE CONNECTION SIZE P W V

5 ENCLOSURE CLASS

P W V TYPE TEST 
CERTIFICATE TO BE 
FURNISHED BY 
VENDOR

6 No. OF COILS & INSULATION 
CLASS

P W V TEST CERTIFICATE TO 
BE FURNISHED FOR 
INSULATION CLASS BY 
VENDOR

7 POWER SUPPLY CHECK P W V
8 IR / HV TEST P W V

9 FUCTIONAL TEST P W V

Legend :
 ** M = Manufacturer / Sub-contractor, C = Contractor / Nominated Inspecting Agency, B =  BHEL,
     P = Perform,  W = Witness, V  = Verification

Note :
1.   Quantum of check shall be as below :
      100 % - By Manufacturer
2.   Manufacturer to maintain calibrated instrument having better accuracy than the item
      under test. Inspecting engineer shall check the same. 
3.   Contractor to provide compliance certificate for tests/checks verifid by contractor and 
      submit the same alongwith test certificates to be verified by BHEL.

SEE NOTE-1 
BELOW

APPROVED SPEC./ 
DATA SHEETS 

Agency **

1 P W V

CHECK LIST FOR SOLENOID VALVES

275 / 460



 

 
  P

EM
 ::

 C
&I

 

ST
AN

D
AR

D
 Q

U
AL

IT
Y 

PL
AN

 
FO

R
 

C
O

N
TR

O
L 

VA
LV

E 
(P

N
EU

M
AT

IC
) 

Q
U

AL
IT

Y 
PL

AN
 N

O
.: 

 P
E-

Q
P-

99
9-

14
5-

I 0
06

 
VO

LU
M

E 
IIB

 
SE

C
TI

O
N

 
C

 
IS

SU
E 

N
O

. 2
   

   
 R

EV
. N

O
.  

00
 

D
AT

E:
  2

5.
05

.2
01

6 
SH

EE
T 

1 
O

F 
6 

Sl
. 

N
o.

C
om

po
ne

nt
 / 

op
er

at
io

n 
C

ha
ra

ct
er

is
tic

s 
C

he
ck

ed
 

*
C

at
e

go
ry

 

Ty
pe

/M
et

ho
d 

of
 

C
he

ck
 

Ex
te

nt
 o

f 
C

he
ck

 
R

ef
er

en
ce

 
do

cu
m

en
ts

 
Ac

ce
pt

an
ce

 
N

or
m

s
Fo

rm
at

 
of

 
R

ec
or

ds

Ag
en

cy
  $

R
em

ar
ks

P 
W

 
V 

 LE
G

EN
D

: 
* 

C
R

  
 - 

 C
rit

ic
al

 c
ha

ra
ct

er
is

tic
s 

 R
T-

 R
ad

io
gr

ap
hi

c 
Te

st
 

  P
T 

– 
D

ye
 p

en
et

ra
nt

 T
es

t  
   

  $  P
  -

  A
ge

nc
y 

Pe
rfo

rm
in

g 
th

e 
Te

st
. 

 
1 

-  
BH

EL
   

 
  M

A 
 

 - 
 M

aj
or

 c
ha

ra
ct

er
is

tic
s 

 U
T 

– 
U

ltr
as

on
ic

 T
es

t 
  M

T-
 M

ag
ne

tic
 T

es
t 

W
 - 

 A
ge

nc
y 

W
itn

es
si

ng
 th

e 
Te

st
. 

 
2 

-  
Ve

nd
or

 
 

  M
I  

 - 
 M

in
or

 c
ha

ra
ct

er
is

tic
s 

 
 

 
 

V 
 - 

 A
ge

nc
y 

Ve
rif

yi
ng

 th
e 

Te
st

. 
 

 
3 

-  
Su

b-
ve

nd
or

 
  

1.
0 

IN
C

O
M

IN
G

 M
AT

ER
IA

L

1.
1 

Bo
dy

 &
 B

on
ne

t 
ca

st
in

g 
/ f

or
gi

ng
s,

 
pl

ug
, v

al
ve

 s
te

m
, s

ea
t 

rin
g/

ca
ge

. 

1.
 

Ph
ys

ic
al

, C
he

m
ic

al
 

pr
op

er
tie

s 
M

A 
Ph

ys
ic

al
, 

C
he

m
ic

al
 te

st
s 

O
ne

/ 
H

ea
t(H

T 
Ba

tc
h)

 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
 / 

 
Ap

pr
ov

ed
 d

rg
. /

 
da

ta
 s

he
et

 / 
 

Te
st

 
C

er
tif

ic
at

e 
3 

---
 

2,
1 

TC
 fo

r 
bo

dy
/b

on
ne

t 
fro

m
 fo

un
dr

y 
on

ly
 

 
 

2.
 

H
ea

t T
re

at
m

en
t 

M
A 

R
ev

ie
w

 o
f H

.T
. 

C
ha

rt 
Ea

ch
 H

.T
. 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
 / 

 
Ap

pr
ov

ed
 d

rg
. /

 
da

ta
 s

he
et

 / 
 

Te
st

 
C

er
tif

ic
at

e 
3/

2 
2 

1 
1.

IB
R

 
C

er
tif

ic
at

io
n 

(if
 a

pp
lic

ab
le

) 
to

 b
e 

ve
rif

ie
d 

by
 B

H
EL

. 
2.

Ap
pl

ic
ab

le
 

fo
r b

od
y 

/b
on

ne
t o

nl
y 

 
 

3.
 

In
te

rn
al

 q
ua

lit
y 

of
 c

as
tin

gs
 

M
A 

R
T 

fo
r B

od
y 

& 
U

T 
fo

r B
on

ne
t  

   
 

10
0%

 
AS

M
E 

B 
16

.3
4 

 
AS

M
E 

B 
16

.3
4 

 
Te

st
 R

ep
or

t 
/ F

IL
M

 
3/

2 
2 

1 
Ap

pl
ic

ab
le

 fo
r 

bo
dy

 a
nd

 
bo

nn
et

 fo
r 

ra
tin

g 
AN

SI
 

90
0 

an
d 

ab
ov

e.
 

 
 

4.
 

Su
rfa

ce
 Q

ua
lit

y 
M

A 
1.

 
Vi

su
al

 
10

0%
 

M
SS

-S
P-

55
 

M
SS

-S
P-

55
 

Te
st

 
C

er
tif

ic
at

e 
3/

2 
---

 
2 

 

 
 

2.
 

M
T/

PT
 

10
0%

 
AS

M
E 

B 
16

.3
4 

 
AS

M
E 

B 
16

.3
4 

 
Te

st
 

C
er

tif
ic

at
e 

3 
2 

1 
Af

te
r 

M
ac

hi
ni

ng
 o

n 
m

ac
hi

ne
d 

su
rfa

ce
 o

nl
y 

 
 

5.
 

Pr
es

su
re

 te
st

 fo
r s

he
ll 

M
A 

H
yd

. T
es

t 
10

0%
 

IS
A-

S-
75

.1
9/

 
AS

M
E 

 B
 1

6.
34

  
IS

A-
S-

75
.1

9/
 

AS
M

E 
 B

 1
6.

34
  

Te
st

 
C

er
tif

ic
at

e 
2 

 
2 

1 
Fo

r B
od

y 
& 

Bo
nn

et
 a

fte
r 

m
ac

hi
ni

ng
. 

1.
2 

D
ia

ph
ra

gm
 

1.
 

Su
rfa

ce
 Q

ua
lit

y 
M

A 
Vi

su
al

 
10

0%
 

M
fr.

 s
ta

nd
ar

d 
M

fr.
 s

ta
nd

ar
d 

Te
st

 
C

er
tif

ic
at

e 
3/

2 
---

 
2 

 

2
7
6
 
/
 
4
6
0



 

 
  P

EM
 ::

 C
&I

 

ST
AN

D
AR

D
 Q

U
AL

IT
Y 

PL
AN

 
FO

R
 

C
O

N
TR

O
L 

VA
LV

E 
(P

N
EU

M
AT

IC
) 

Q
U

AL
IT

Y 
PL

AN
 N

O
.: 

 P
E-

Q
P-

99
9-

14
5-

I 0
06

 
VO

LU
M

E 
IIB

 
SE

C
TI

O
N

 
C

 
IS

SU
E 

N
O

. 2
   

   
 R

EV
. N

O
.  

00
 

D
AT

E:
  2

5.
05

.2
01

6 
SH

EE
T 

2 
O

F 
6 

Sl
. 

N
o.

C
om

po
ne

nt
 / 

op
er

at
io

n 
C

ha
ra

ct
er

is
tic

s 
C

he
ck

ed
 

*
C

at
e

go
ry

 

Ty
pe

/M
et

ho
d 

of
 

C
he

ck
 

Ex
te

nt
 o

f 
C

he
ck

 
R

ef
er

en
ce

 
do

cu
m

en
ts

 
Ac

ce
pt

an
ce

 
N

or
m

s
Fo

rm
at

 
of

 
R

ec
or

ds

Ag
en

cy
  $

R
em

ar
ks

P 
W

 
V 

 LE
G

EN
D

: 
* 

C
R

  
 - 

 C
rit

ic
al

 c
ha

ra
ct

er
is

tic
s 

 R
T-

 R
ad

io
gr

ap
hi

c 
Te

st
 

  P
T 

– 
D

ye
 p

en
et

ra
nt

 T
es

t  
   

  $  P
  -

  A
ge

nc
y 

Pe
rfo

rm
in

g 
th

e 
Te

st
. 

 
1 

-  
BH

EL
   

 
  M

A 
 

 - 
 M

aj
or

 c
ha

ra
ct

er
is

tic
s 

 U
T 

– 
U

ltr
as

on
ic

 T
es

t 
  M

T-
 M

ag
ne

tic
 T

es
t 

W
 - 

 A
ge

nc
y 

W
itn

es
si

ng
 th

e 
Te

st
. 

 
2 

-  
Ve

nd
or

 
 

  M
I  

 - 
 M

in
or

 c
ha

ra
ct

er
is

tic
s 

 
 

 
 

V 
 - 

 A
ge

nc
y 

Ve
rif

yi
ng

 th
e 

Te
st

. 
 

 
3 

-  
Su

b-
ve

nd
or

 
  

 
 

2.
 

H
ar

dn
es

s 
M

A 
M

ea
su

re
m

en
t 

10
0%

 
M

fr.
 s

ta
nd

ar
d 

M
fr.

 s
ta

nd
ar

d 
Te

st
 

C
er

tif
ic

at
e 

 
3/

2 
---

 
2 

 

 
 

3.
 

En
du

ra
nc

e 
/ L

ife
 c

yc
le

 
M

A 
C

yc
lic

 te
st

 
10

,0
00

 c
yc

le
s 

O
ne

 / 
Ty

pe
 

10
,0

00
 c

yc
le

s/
 

M
fr.

 s
ta

nd
ar

d.
 

N
o 

da
m

ag
e 

Te
st

 
C

er
tif

ic
at

e 
3/

2 
---

 
2,

1 
 

1.
3 

Sp
rin

g 
1.

 
C

om
po

si
tio

n 
M

A 
C

he
m

ic
al

-
An

al
ys

is
 

O
ne

 
sa

m
pl

e/
 

H
ea

t 

M
at

er
ia

l s
pe

c.
 / 

M
fr.

 s
ta

nd
ar

d 
M

at
er

ia
l s

pe
c.

 / 
M

fr.
 s

ta
nd

ar
d 

Te
st

 
C

er
tif

ic
at

e 
 

3 
---

 
2 

 

2.
 

M
ec

h.
 P

ro
pe

rti
es

 
M

A 
M

ec
h.

 T
es

t 
O

ne
 

sa
m

pl
e/

 
H

ea
t 

M
at

er
ia

l s
pe

c.
 / 

M
fr.

 s
ta

nd
ar

d 
M

at
er

ia
l s

pe
c.

 / 
M

fr.
 s

ta
nd

ar
d 

Te
st

 
C

er
tif

ic
at

e 
3 

---
 

2 
 

3.
 

Pe
rfo

rm
an

ce
 

M
A 

1.
 S

tif
fn

es
s 

ra
tio

 
10

0%
 

M
at

er
ia

l s
pe

c.
 / 

M
fr.

 s
ta

nd
ar

d 
M

at
er

ia
l s

pe
c.

 / 
M

fr.
 s

ta
nd

ar
d 

Te
st

 
C

er
tif

ic
at

e 
3 

---
 

2 
 

2.
 S

cr
ag

gi
ng

 
10

0%
 

M
at

er
ia

l s
pe

c.
 / 

M
fr.

 s
ta

nd
ar

d 
M

at
er

ia
l s

pe
c.

 / 
M

fr.
 s

ta
nd

ar
d 

Te
st

 
C

er
tif

ic
at

e 
3 

---
 

2 
 

3.
 C

yc
lic

 te
st

 
(E

nd
ur

an
ce

) 
O

ne
 / 

ty
pe

 
10

,0
00

 c
yc

le
s 

M
at

er
ia

l s
pe

c.
 / 

M
fr.

 s
ta

nd
ar

d 
Te

st
 

C
er

tif
ic

at
e 

3 
---

 
2,

1 
 

4.
 D

im
en

si
on

 
(M

ea
su

re
m

en
t) 

O
ne

 
sa

m
pl

e/
 

Lo
t 

M
fr.

 s
ta

nd
ar

d 
M

fr.
 s

ta
nd

ar
d 

R
ec

or
d 

3 
---

 
2 

 

1.
4 

El
ec

tri
ca

l i
te

m
s 

[L
im

it 
sw

itc
he

s,
 S

ol
en

oi
ds

, 
Po

si
tio

n 
Tr

an
sm

itt
er

(if
 

pr
ov

id
ed

 e
xt

er
na

lly
)] 

1.
 

R
ou

tin
e 

Te
st

 
M

A 
H

V,
 IR

, 
C

on
tin

ui
ty

 
fu

nc
tio

n 

10
0%

 
R

el
ev

an
t 

St
an

da
rd

s 
R

el
ev

an
t 

St
an

da
rd

s 
Te

st
 

C
er

tif
ic

at
e 

3 
---

 
2 

 

 
 

2.
 

D
eg

re
e 

of
 p

ro
te

ct
io

n 
M

A 
IP

/N
EM

A 
Te

st
s 

O
ne

 
sa

m
pl

e 
/ 

ty
pe

 
  

Ap
pr

ov
ed

 D
at

a 
sh

ee
t 

Ap
pr

ov
ed

 D
at

a 
sh

ee
t 

Te
st

 
C

er
tif

ic
at

e 
3 

---
 

2,
1 

 

2
7
7
 
/
 
4
6
0



 

 
  P

EM
 ::

 C
&I

 

ST
AN

D
AR

D
 Q

U
AL

IT
Y 

PL
AN

 
FO

R
 

C
O

N
TR

O
L 

VA
LV

E 
(P

N
EU

M
AT

IC
) 

Q
U

AL
IT

Y 
PL

AN
 N

O
.: 

 P
E-

Q
P-

99
9-

14
5-

I 0
06

 
VO

LU
M

E 
IIB

 
SE

C
TI

O
N

 
C

 
IS

SU
E 

N
O

. 2
   

   
 R

EV
. N

O
.  

00
 

D
AT

E:
  2

5.
05

.2
01

6 
SH

EE
T 

3 
O

F 
6 

Sl
. 

N
o.

C
om

po
ne

nt
 / 

op
er

at
io

n 
C

ha
ra

ct
er

is
tic

s 
C

he
ck

ed
 

*
C

at
e

go
ry

 

Ty
pe

/M
et

ho
d 

of
 

C
he

ck
 

Ex
te

nt
 o

f 
C

he
ck

 
R

ef
er

en
ce

 
do

cu
m

en
ts

 
Ac

ce
pt

an
ce

 
N

or
m

s
Fo

rm
at

 
of

 
R

ec
or

ds

Ag
en

cy
  $

R
em

ar
ks

P 
W

 
V 

 LE
G

EN
D

: 
* 

C
R

  
 - 

 C
rit

ic
al

 c
ha

ra
ct

er
is

tic
s 

 R
T-

 R
ad

io
gr

ap
hi

c 
Te

st
 

  P
T 

– 
D

ye
 p

en
et

ra
nt

 T
es

t  
   

  $  P
  -

  A
ge

nc
y 

Pe
rfo

rm
in

g 
th

e 
Te

st
. 

 
1 

-  
BH

EL
   

 
  M

A 
 

 - 
 M

aj
or

 c
ha

ra
ct

er
is

tic
s 

 U
T 

– 
U

ltr
as

on
ic

 T
es

t 
  M

T-
 M

ag
ne

tic
 T

es
t 

W
 - 

 A
ge

nc
y 

W
itn

es
si

ng
 th

e 
Te

st
. 

 
2 

-  
Ve

nd
or

 
 

  M
I  

 - 
 M

in
or

 c
ha

ra
ct

er
is

tic
s 

 
 

 
 

V 
 - 

 A
ge

nc
y 

Ve
rif

yi
ng

 th
e 

Te
st

. 
 

 
3 

-  
Su

b-
ve

nd
or

 
  

1.
5 

Pr
es

su
re

 G
au

ge
s 

1.
 

Pe
rfo

rm
an

ce
 

M
A 

R
ev

ie
w

 o
f 

ca
lib

ra
tio

n 
ce

rti
fic

at
es

 

10
0%

 
M

fr.
 S

ta
nd

ar
d 

M
fr.

 S
ta

nd
ar

d 
Te

st
 

C
er

tif
ic

at
e 

3 
---

 
2 

 

2.
 

M
ar

ki
ng

  
M

A 
Vi

su
al

  
10

0%
 

M
fr.

 s
ta

nd
ar

d 
M

fr.
 s

ta
nd

ar
d 

R
ec

or
ds

 
3 

---
 

2 
 

2.
0 

IN
 P

R
O

C
ES

S 
IN

SP
EC

TI
O

N
 

2.
1 

Af
te

r m
ac

hi
ni

ng
, 

i, 
Bo

dy
 

ii 
Bo

nn
et

 
iii 

Pl
ug

 
iv

 V
al

ve
 S

te
m

  
v 

 s
ea

t r
in

g/
ca

ge
 

1.
 

Su
rfa

ce
 fl

aw
s 

M
A 

Vi
su

al
 &

 
M

T/
PT

 
10

0%
 (o

n 
ac

ce
ss

ib
le

 
su

rfa
ce

s)
 

AS
M

E 
B 

16
.3

4 
 

AS
M

E 
B 

16
.3

4 
 

Te
st

 
R

ec
or

ds
 

2 
---

 
1 

Bu
tt 

w
el

d 
en

ds
 s

ha
ll 

be
 

in
cl

ud
ed

. 

 
2.

 
D

im
en

si
on

al
 c

he
ck

s 
M

A 
M

ea
su

re
m

en
t 

10
0%

 
M

fr.
 S

ta
nd

ar
d 

 
M

fr.
 S

ta
nd

ar
d 

 
R

ec
or

ds
 

2 
---

 
1 

 

 
3.

 
H

ar
d 

fa
ci

ng
 (w

he
re

ve
r 

ap
pl

ic
ab

le
) 

 

M
A 

H
ar

dn
es

s 
M

ea
su

re
m

en
t 

O
ne

 
sa

m
pl

e/
Lo

t 
M

fr.
 S

ta
nd

ar
d 

M
fr.

 S
ta

nd
ar

d 
R

ec
or

ds
 

2 
---

 
1 

 

3.
0 

TE
ST

S 
O

N
 C

O
M

PL
ET

ED
 V

AL
VE

 
3.

1 
Ac

tu
at

or
 C

ha
m

be
r 

Le
ak

ag
e 

& 
St

re
ng

th
  

M
A 

Pn
eu

m
at

ic
 te

st
 

10
0%

  
M

fr.
 S

ta
nd

ar
d 

N
o 

Le
ak

ag
e 

Te
st

 
C

er
tif

ic
at

e 
2 

1 
1 

R
ef

er
 N

ot
e-

4 

3.
2 

Bo
dy

  
Le

ak
ag

e 
an

d 
Pr

es
su

re
 te

st
 

(B
od

y 
M

ou
nt

 L
ea

ka
ge

) 
M

A 
H

yd
ro

 te
st

 
10

0%
  

IS
A 

- S
-7

5.
19

/ 
AS

M
E 

B1
6.

34
 

N
o 

Le
ak

ag
e 

Te
st

 
C

er
tif

ic
at

e 
2 

1 
1 

R
ef

er
 N

ot
e-

4 

3.
3 

Se
at

 le
ak

ag
e 

te
st

 fo
r 

co
m

pl
et

ed
 v

al
ve

 
Se

at
 L

ea
ka

ge
 

M
A 

Pn
eu

m
at

ic
 

Te
st

 
10

0%
  

 F
C

I-7
0.

2 
FC

I-7
0.

2 
Te

st
 

C
er

tif
ic

at
e 

2 
1 

1 
R

ef
er

 N
ot

e-
4 

4.
0 

O
PE

R
AT

IO
N

 T
ES

T 
O

N
 C

O
M

PL
ET

ED
 

VA
LV

E 
(F

in
al

 
in

sp
ec

tio
n)

 

1.
 

Va
lv

e 
Tr

av
el

 
M

A 
M

ea
su

re
m

en
t 

10
0%

  
M

fr.
 P

ro
ce

du
re

 
Ap

pr
ov

ed
 d

rg
. /

 
da

ta
 s

he
et

   
 

Te
st

 R
ep

or
t  

2 
1 

1 
R

ef
er

 N
ot

e-
4 

 
2.

 
O

pe
ni

ng
/C

lo
si

ng
 ti

m
e 

M
A 

M
ea

su
re

m
en

t 
10

0%
  

M
fr.

 P
ro

ce
du

re
 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
   

 
Te

st
 R

ep
or

t 
2 

1 
1 

R
ef

er
 N

ot
e-

4 

 
 

3.
 

Li
ne

ar
ity

/c
am

 
ch

ar
ac

te
ris

tic
 

M
A 

M
ea

su
re

m
en

t 
10

0%
  

M
fr.

 P
ro

ce
du

re
 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
   

 
Te

st
 R

ep
or

t  
2 

1 
1 

R
ef

er
 N

ot
e-

4 

2
7
8
 
/
 
4
6
0



 

 
  P

EM
 ::

 C
&I

 

ST
AN

D
AR

D
 Q

U
AL

IT
Y 

PL
AN

 
FO

R
 

C
O

N
TR

O
L 

VA
LV

E 
(P

N
EU

M
AT

IC
) 

Q
U

AL
IT

Y 
PL

AN
 N

O
.: 

 P
E-

Q
P-

99
9-

14
5-

I 0
06

 
VO

LU
M

E 
IIB

 
SE

C
TI

O
N

 
C

 
IS

SU
E 

N
O

. 2
   

   
 R

EV
. N

O
.  

00
 

D
AT

E:
  2

5.
05

.2
01

6 
SH

EE
T 

4 
O

F 
6 

Sl
. 

N
o.

C
om

po
ne

nt
 / 

op
er

at
io

n 
C

ha
ra

ct
er

is
tic

s 
C

he
ck

ed
 

*
C

at
e

go
ry

 

Ty
pe

/M
et

ho
d 

of
 

C
he

ck
 

Ex
te

nt
 o

f 
C

he
ck

 
R

ef
er

en
ce

 
do

cu
m

en
ts

 
Ac

ce
pt

an
ce

 
N

or
m

s
Fo

rm
at

 
of

 
R

ec
or

ds

Ag
en

cy
  $

R
em

ar
ks

P 
W

 
V 

 LE
G

EN
D

: 
* 

C
R

  
 - 

 C
rit

ic
al

 c
ha

ra
ct

er
is

tic
s 

 R
T-

 R
ad

io
gr

ap
hi

c 
Te

st
 

  P
T 

– 
D

ye
 p

en
et

ra
nt

 T
es

t  
   

  $  P
  -

  A
ge

nc
y 

Pe
rfo

rm
in

g 
th

e 
Te

st
. 

 
1 

-  
BH

EL
   

 
  M

A 
 

 - 
 M

aj
or

 c
ha

ra
ct

er
is

tic
s 

 U
T 

– 
U

ltr
as

on
ic

 T
es

t 
  M

T-
 M

ag
ne

tic
 T

es
t 

W
 - 

 A
ge

nc
y 

W
itn

es
si

ng
 th

e 
Te

st
. 

 
2 

-  
Ve

nd
or

 
 

  M
I  

 - 
 M

in
or

 c
ha

ra
ct

er
is

tic
s 

 
 

 
 

V 
 - 

 A
ge

nc
y 

Ve
rif

yi
ng

 th
e 

Te
st

. 
 

 
3 

-  
Su

b-
ve

nd
or

 
  

 
 

4.
 

R
ep

ea
ta

bi
lit

y 
M

A 
M

ea
su

re
m

en
t 

10
0%

  
M

fr.
 P

ro
ce

du
re

 
Ap

pr
ov

ed
 d

rg
. /

 
da

ta
 s

he
et

   
 

Te
st

 R
ep

or
t 

2 
1 

1 
R

ef
er

 N
ot

e-
4 

 
 

5.
 

H
ys

te
re

si
s 

M
A 

M
ea

su
re

m
en

t 
10

0%
  

M
fr.

 P
ro

ce
du

re
 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
   

 
Te

st
 R

ep
or

t 
2 

1 
1 

R
ef

er
 N

ot
e-

4 

 
 

6.
   

   
Se

ns
iti

vi
ty

 
M

A 
M

ea
su

re
m

en
t 

10
0%

  
M

fr.
 P

ro
ce

du
re

 
Ap

pr
ov

ed
 d

rg
. /

 
da

ta
 s

he
et

   
 

Te
st

 R
ep

or
t 

2 
1 

1 
R

ef
er

 N
ot

e-
4 

 
 

7.
   

   
Ac

cu
ra

cy
 (O

ve
ra

ll)
 

M
A 

M
ea

su
re

m
en

t 
10

0%
  

M
fr.

 P
ro

ce
du

re
 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
   

 
Te

st
 R

ep
or

t 
2 

1 
1 

R
ef

er
 N

ot
e-

4 

 
 

8.
 

C
on

tro
l V

al
ve

 
ch

ar
ac

te
ris

tic
s 

  /
 C

V 
Te

st
 

M
A 

�
M

ea
su

re
m

en
t (

Pr
es

s.
 v

s.
 

di
sc

ha
rg

e 
an

d 
di

sc
ha

rg
e 

vs
. 

op
en

in
g 

   
 0

-
10

0%
 in

 s
te

ps
 

of
 1

0%
) 

O
ne

 p
er

 
ty

pe
 

 

M
fr.

 P
ro

ce
du

re
 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
 

Te
st

 
C

er
tif

ic
at

e 
2 

-- 
1 

�
Si

ze
 =

 B
od

y 
& 

po
rt 

si
ze

 O
r 

Bo
dy

 s
iz

e 
& 

C
V 

fo
r n

on
 

st
d 

po
rt.

 
R

ef
er

 N
ot

e 
1.

 

 
9.

 
O

pe
ra

tio
n 

of
 li

m
it 

sw
itc

h 
& 

so
le

no
id

s 
an

d 
ot

he
r 

ac
ce

ss
or

ie
s 

M
A 

Fu
nc

tio
n 

10
0%

  
M

fr.
 P

ro
ce

du
re

 
Ap

pr
ov

ed
 d

rg
./ 

da
ta

 s
he

et
   

 
Te

st
 R

ep
or

t  
2 

1 
1 

O
n 

as
se

m
bl

ed
 

va
lv

e 
R

ef
er

 N
ot

e-
4 

 
10

. 
O

ve
ra

ll 
di

m
en

si
on

s 
M

I 
Vi

su
al

 a
nd

 
di

m
en

si
on

al
 

10
0%

  
Ap

pr
ov

ed
 d

rg
. /

 
da

ta
 s

he
et

   
 

Ap
pr

ov
ed

 d
rg

./ 
da

ta
 s

he
et

   
 

R
ec

or
ds

 
2 

1 
1 

R
ef

er
 N

ot
e-

4 

 
 

11
.  

  P
re

 d
ef

in
ed

 v
al

ve
 p

os
iti

on
 

in
 c

as
e 

of
 a

ir 
fa

ilu
re

 
M

A 
Vi

su
al

 
10

0%
 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
   

 
Ap

pr
ov

ed
 d

rg
. /

 
da

ta
 s

he
et

   
 

Te
st

 
C

er
tif

ic
at

e 
2 

1 
1 

 

 
 

12
. 

C
le

an
lin

es
s,

 p
ai

nt
in

g,
 

st
am

pi
ng

 (f
or

 d
ire

ct
io

n 
of

 
flo

w
), 

Ta
g 

N
o.

 

M
A 

Vi
su

al
 a

nd
 

di
m

en
si

on
al

, 
pa

in
t t

hi
ck

ne
ss

 

10
0%

 
M

fr.
 P

ro
ce

du
re

 
Ap

pr
ov

ed
 d

rg
./ 

da
ta

 s
he

et
   

 
Te

st
 

C
er

tif
ic

at
e 

2 
1 

1 
 

13
. 

Su
rfa

ce
 Q

ua
lit

y 
M

A 
Vi

su
al

  
10

0%
 

M
SS

-S
P-

55
 

M
SS

-S
P-

55
 

Te
st

 
C

er
tif

ic
at

e 
3/

2 
---

 
2,

1 
 

2
7
9
 
/
 
4
6
0



 

 
  P

EM
 ::

 C
&I

 

ST
AN

D
AR

D
 Q

U
AL

IT
Y 

PL
AN

 
FO

R
 

C
O

N
TR

O
L 

VA
LV

E 
(P

N
EU

M
AT

IC
) 

Q
U

AL
IT

Y 
PL

AN
 N

O
.: 

 P
E-

Q
P-

99
9-

14
5-

I 0
06

 
VO

LU
M

E 
IIB

 
SE

C
TI

O
N

 
C

 
IS

SU
E 

N
O

. 2
   

   
 R

EV
. N

O
.  

00
 

D
AT

E:
  2

5.
05

.2
01

6 
SH

EE
T 

5 
O

F 
6 

Sl
. 

N
o.

C
om

po
ne

nt
 / 

op
er

at
io

n 
C

ha
ra

ct
er

is
tic

s 
C

he
ck

ed
 

*
C

at
e

go
ry

 

Ty
pe

/M
et

ho
d 

of
 

C
he

ck
 

Ex
te

nt
 o

f 
C

he
ck

 
R

ef
er

en
ce

 
do

cu
m

en
ts

 
Ac

ce
pt

an
ce

 
N

or
m

s
Fo

rm
at

 
of

 
R

ec
or

ds

Ag
en

cy
  $

R
em

ar
ks

P 
W

 
V 

 LE
G

EN
D

: 
* 

C
R

  
 - 

 C
rit

ic
al

 c
ha

ra
ct

er
is

tic
s 

 R
T-

 R
ad

io
gr

ap
hi

c 
Te

st
 

  P
T 

– 
D

ye
 p

en
et

ra
nt

 T
es

t  
   

  $  P
  -

  A
ge

nc
y 

Pe
rfo

rm
in

g 
th

e 
Te

st
. 

 
1 

-  
BH

EL
   

 
  M

A 
 

 - 
 M

aj
or

 c
ha

ra
ct

er
is

tic
s 

 U
T 

– 
U

ltr
as

on
ic

 T
es

t 
  M

T-
 M

ag
ne

tic
 T

es
t 

W
 - 

 A
ge

nc
y 

W
itn

es
si

ng
 th

e 
Te

st
. 

 
2 

-  
Ve

nd
or

 
 

  M
I  

 - 
 M

in
or

 c
ha

ra
ct

er
is

tic
s 

 
 

 
 

V 
 - 

 A
ge

nc
y 

Ve
rif

yi
ng

 th
e 

Te
st

. 
 

 
3 

-  
Su

b-
ve

nd
or

 
  

5.
0 

AU
XI

LI
AR

Y 
IT

EM
S 

(P
er

fo
rm

an
ce

 te
st

 o
f a

ux
ili

ar
y 

ite
m

s 
sh

al
l b

e 
pe

rf
or

m
ed

 o
n 

th
e 

co
m

pl
et

el
y 

as
se

m
bl

ed
 v

al
ve

) 

5.
1 

Po
si

tio
ne

r 
O

ve
ra

ll 
le

ak
ag

e 
af

te
r a

ss
em

bl
y 

in
cl

ud
in

g 
N

oz
zl

es
 le

ak
ag

e 
M

A 
Le

ak
 T

es
t (

in
 

th
e 

st
ea

dy
 

st
at

e 
in

pu
t 

si
gn

al
) 

10
0 

%
 

M
fr.

 S
ta

nd
ar

d 
N

o 
le

ak
ag

e 
Te

st
 

C
er

tif
ic

at
e 

3/
2 

---
 

---
 

C
er

tif
ic

at
e 

of
 

C
on

fo
rm

an
ce

 
(C

.O
.C

)  

5.
2 

Ai
r f

ilt
er

 re
gu

la
to

r 
1.

 
N

or
m

al
 a

ir 
co

ns
um

pt
io

n 
M

A 
M

ea
su

re
m

en
t 

Ea
ch

 ty
pe

 
M

fr.
 S

ta
nd

ar
d 

N
o 

le
ak

ag
e 

Te
st

 
C

er
tif

ic
at

e 
 

3/
2 

---
 

---
 

(C
.O

.C
) 

2.
 

O
ve

ra
ll 

le
ak

ag
e 

M
A 

Vi
su

al
 (s

oa
p 

so
lu

tio
n)

 
10

0 
%

 
M

fr.
 S

ta
nd

ar
d 

N
o 

le
ak

ag
e 

Te
st

 
C

er
tif

ic
at

e 
 

3/
2 

---
 

---
 

(C
.O

.C
) 

5.
3 

Ai
r l

oc
k 

re
la

y 
Pe

rfo
rm

an
ce

 T
es

t 
M

A 
Le

ak
ag

e 
te

st
 

10
0%

 
M

fr.
 S

ta
nd

ar
d 

N
o 

le
ak

ag
e 

Te
st

 
C

er
tif

ic
at

e 
 

3/
2 

---
 

---
 

(C
.O

.C
) 

5.
4 

El
ec

tro
ni

c 
po

si
tio

n 
tra

ns
m

itt
er

(n
ot

 
ap

pl
ic

ab
le

 if
 p

ro
vi

de
d 

in
te

gr
al

 to
 s

m
ar

t 
po

si
tio

ne
r) 

1.
 

Ac
cu

ra
cy

 
M

A 
O

pe
ra

tio
n 

10
0%

 
Ap

pr
ov

ed
 d

at
a 

sh
ee

t /
  

Ap
pr

ov
ed

 d
at

a 
sh

ee
t /

 
Te

st
 

C
er

tif
ic

at
e 

 
2 

1 
---

 
(C

.O
.C

) 

5.
5 

C
ur

re
nt

 to
 P

ne
um

at
ic

  
co

nv
er

te
r(n

ot
 

ap
pl

ic
ab

le
 fo

r s
m

ar
t 

po
si

tio
ne

r) 

1.
 

Ph
ys

ic
al

 V
er

ifi
ca

tio
n 

M
ak

e/
M

od
el

 
M

A 
Vi

su
al

 
10

0%
 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
   

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
  

Te
st

 
C

er
tif

ic
at

e 
2 

---
 

---
 

(C
.O

.C
) 

 
 

2.
 

D
eg

re
e 

of
 P

ro
te

ct
io

n 
M

A 
IP

/N
EM

A 
te

st
 

Ea
ch

 ty
pe

 
R

el
ev

an
t 

St
an

da
rd

 
R

el
ev

an
t 

St
an

da
rd

 
Te

st
 

C
er

tif
ic

at
e 

 
3 

---
 

---
 

(C
.O

.C
) 

 
 

3.
 

Li
ne

ar
ity

 
C

R
 

M
ea

su
re

m
en

t 
10

0%
 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
 / 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
 / 

 
In

sp
ec

tio
n 

R
ep

or
t 

2 
---

 
---

 
(C

.O
.C

) 

 
 

4.
   

   
 H

ys
te

ris
is

 
 

C
R

 
M

ea
su

re
m

en
t 

10
0%

 
Ap

pr
ov

ed
 d

rg
. /

 
da

ta
 s

he
et

 / 
 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
 / 

 
In

sp
ec

tio
n 

R
ep

or
t 

2 
---

 
---

 
(C

.O
.C

) 

5.
6

Sm
ar

t P
os

iti
on

er
 

1.
 

Ph
ys

ic
al

 V
er

ifi
ca

tio
n 

M
ak

e/
M

od
el

 
M

A 
Vi

su
al

 
10

0%
 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
  

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
   

Te
st

 
C

er
tif

ic
at

e 
2 

---
 

---
 

(C
.O

.C
) 

2
8
0
 
/
 
4
6
0



 

 
  P

EM
 ::

 C
&I

 

ST
AN

D
AR

D
 Q

U
AL

IT
Y 

PL
AN

 
FO

R
 

C
O

N
TR

O
L 

VA
LV

E 
(P

N
EU

M
AT

IC
) 

Q
U

AL
IT

Y 
PL

AN
 N

O
.: 

 P
E-

Q
P-

99
9-

14
5-

I 0
06

 
VO

LU
M

E 
IIB

 
SE

C
TI

O
N

 
C

 
IS

SU
E 

N
O

. 2
   

   
 R

EV
. N

O
.  

00
 

D
AT

E:
  2

5.
05

.2
01

6 
SH

EE
T 

6 
O

F 
6 

Sl
. 

N
o.

C
om

po
ne

nt
 / 

op
er

at
io

n 
C

ha
ra

ct
er

is
tic

s 
C

he
ck

ed
 

*
C

at
e

go
ry

 

Ty
pe

/M
et

ho
d 

of
 

C
he

ck
 

Ex
te

nt
 o

f 
C

he
ck

 
R

ef
er

en
ce

 
do

cu
m

en
ts

 
Ac

ce
pt

an
ce

 
N

or
m

s
Fo

rm
at

 
of

 
R

ec
or

ds

Ag
en

cy
  $

R
em

ar
ks

P 
W

 
V 

 LE
G

EN
D

: 
* 

C
R

  
 - 

 C
rit

ic
al

 c
ha

ra
ct

er
is

tic
s 

 R
T-

 R
ad

io
gr

ap
hi

c 
Te

st
 

  P
T 

– 
D

ye
 p

en
et

ra
nt

 T
es

t  
   

  $  P
  -

  A
ge

nc
y 

Pe
rfo

rm
in

g 
th

e 
Te

st
. 

 
1 

-  
BH

EL
   

 
  M

A 
 

 - 
 M

aj
or

 c
ha

ra
ct

er
is

tic
s 

 U
T 

– 
U

ltr
as

on
ic

 T
es

t 
  M

T-
 M

ag
ne

tic
 T

es
t 

W
 - 

 A
ge

nc
y 

W
itn

es
si

ng
 th

e 
Te

st
. 

 
2 

-  
Ve

nd
or

 
 

  M
I  

 - 
 M

in
or

 c
ha

ra
ct

er
is

tic
s 

 
 

 
 

V 
 - 

 A
ge

nc
y 

Ve
rif

yi
ng

 th
e 

Te
st

. 
 

 
3 

-  
Su

b-
ve

nd
or

 
  (A

s 
Ap

pl
ic

ab
le

) 
2.

 
D

eg
re

e 
of

 P
ro

te
ct

io
n 

M
A 

IP
/N

EM
A 

te
st

 
Ea

ch
 ty

pe
 

R
el

ev
an

t 
St

an
da

rd
 

R
el

ev
an

t 
St

an
da

rd
 

Te
st

 
C

er
tif

ic
at

e 
 

3 
---

 
---

 
(C

.O
.C

) 

3.
 

Li
ne

ar
ity

 
C

R
 

M
ea

su
re

m
en

t 
10

0%
 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
 / 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
 / 

 
In

sp
ec

tio
n 

R
ep

or
t 

2 
---

 
---

 
(C

.O
.C

) 

4.
   

   
H

ys
te

ris
is

 
 

C
R

 
M

ea
su

re
m

en
t 

10
0%

 
Ap

pr
ov

ed
 d

rg
. /

 
da

ta
 s

he
et

 / 
 

Ap
pr

ov
ed

 d
rg

. /
 

da
ta

 s
he

et
 / 

 
In

sp
ec

tio
n 

R
ep

or
t 

2 
---

 
---

 
(C

.O
.C

) 

5.
   

   
C

al
ib

ra
tio

n 
w

ith
 H

an
d 

H
el

d 
C

om
m

un
ic

at
or

 
M

A 
M

ea
su

re
m

en
t 

Ea
ch

 ty
pe

 
M

fr.
 S

ta
nd

ar
d 

M
fr.

 S
ta

nd
ar

d 
Te

st
 

C
er

tif
ic

at
e 

 
2 

---
 

---
 

(C
.O

.C
) 

6.
0 

PA
IN

TI
NG

  
So

un
dn

es
s 

of
 P

ai
nt

in
g 

M
A 

Vi
su

al
 a

nd
 

M
ea

su
re

m
en

t 
10

0%
 

M
fr.

 S
ta

nd
ar

d 
M

fr.
 S

ta
nd

ar
d 

In
sp

ec
tio

n 
R

ep
or

t 
2 

---
 

---
 

R
ef

er
 N

ot
e-

2 

7.
0 

PA
C

K
IN

G
 

So
un

dn
es

s 
of

 P
ac

ki
ng

 a
ga

in
st

 
tra

ns
it 

da
m

ag
e 

M
A 

Vi
su

al
 

10
0%

 
M

fr.
 S

ta
nd

ar
d 

M
fr.

 S
ta

nd
ar

d 
In

sp
ec

tio
n 

R
ep

or
t 

2 
---

 
---

 
R

ef
er

 N
ot

e-
3 

   N
O

TE
S:

 
1.

  I
n 

ca
se

 v
al

id
 C

V 
te

st
 c

er
tif

ic
at

e 
fo

r a
 s

im
ila

r c
on

tro
l v

al
ve

 (s
am

e 
si

ze
, s

am
e 

C
V,

 s
am

e 
tri

m
 c

ha
ra

ct
er

is
tic

s)
 is

 n
ot

 
su

bm
itt

ed
 to

 B
H

EL
 b

y 
th

e 
ve

nd
or

, C
V 

te
st

 s
ha

ll 
be

 c
on

du
ct

ed
 a

t F
C

R
I/A

ny
 g

ov
t. 

ap
pr

ov
ed

 la
bo

ra
to

ry
/ B

H
EL

 a
pp

ro
ve

d 
La

bo
ra

to
ry

.  
 

2.
 In

 th
e 

ab
se

nc
e 

of
 B

H
EL

 s
pe

c.
 fo

r p
ai

nt
in

g,
 v

en
do

r t
o 

ob
ta

in
 B

H
EL

’s
 a

pp
ro

va
l o

n 
th

ei
r p

ai
nt

in
g 

sp
ec

ifi
ca

tio
n 

/ p
ro

ce
du

re
. 

 
 

3.
 S

ea
 w

or
th

y 
pa

ck
in

g 
sh

al
l b

e 
pr

ov
id

ed
, i

f c
al

le
d 

fo
r i

n 
th

e 
D

at
a 

sh
ee

ts
. 

 
 

4.
 T

he
 q

ua
nt

um
 o

f c
he

ck
 s

ha
ll 

be
 1

00
%

 fo
r m

an
uf

ac
tu

re
r a

nd
 1

0%
 fo

r B
H

EL
/B

H
EL

 n
om

in
at

ed
 in

sp
ec

tio
n 

ag
en

cy
. 

 
5.

 IB
R

 c
er

tif
ic

at
es

 in
 F

or
m

 II
I-C

 s
ha

ll 
be

 s
ub

m
itt

ed
 if

 c
al

le
d 

fo
r i

n 
th

e 
sp

ec
ifi

ca
tio

n/
da

ta
sh

ee
t. 

6.
 C

op
ie

s 
of

 a
ll 

TC
’s

(T
es

t C
er

tif
ic

at
es

) f
or

 m
at

er
ia

ls
 d

ul
y 

co
rre

la
te

d 
w

ith
 H

ea
t N

os
., 

TC
’s

 fo
r e

le
ct

ric
al

 it
em

s 
an

d 
 

m
ec

ha
ni

ca
l t

es
ts

(L
ea

k/
O

pe
ra

tio
n)

, C
.O

.C
’s

(C
er

tif
ic

at
es

 o
f C

on
fo

rm
an

ce
) s

ha
ll 

be
 s

ub
m

itt
ed

 to
 B

H
EL

 fo
r v

er
ifi

ca
tio

n 
an

d 
ac

ce
pt

an
ce

.  
 

2
8
1
 
/
 
4
6
0



 EPC PACKAGE FOR  
PATRATU SUPER THERMAL POWER STATION EXPANSION 

PHASE –I ( 3X 800MW) 

TECHNICAL SPECIFICATION 
SECTION-VI 

BID DOC. NO.: CS:9585-001-2 

SUB–SECTION – IIIC-10 

TYPE TEST REQUIREMENTS

282 / 460



CLAUSE NO. TECHNICAL REQUIREMENTS 

EPC PACKAGE FOR  
PATRATU SUPER THERMAL POWER 

STATION EXPANSION PHASE–I (3X 800MW)  

TECHNICAL SPECIFICATIONS 
SECTION – VI, PART-B 

BID DOC. NO.: CS:9585-001-2

SUB-SECTION-IIIC-10 
TYPE TEST 

REQUIREMENTS 

PAGE 
1 OF  9 

1.00.00 TYPE TEST REQUIREMENTS

1.01.00 General Requirements 

1.01.01 The Contractor shall furnish the type test reports of all type tests as per relevant standards 
and codes as well as other specific tests indicated in this specification. If the bidder proposes 
a different standard/code from that indicated at table 3.00.00, same is acceptable provided 
the equivalence of the proposed standard is established by the bidder.  A list of such tests 
are given for various equipment in table titled 'TYPE TEST REQUIREMENT FOR C&I 
SYSTEMS' at the end of this chapter and under the item Special Requirement for Solid State 
Equipments/Systems. For the balance equipment instrument, type tests may be conducted 
as per manufactures standard or if required by relevant standard. 

(a) Out of the tests listed, the Bidder/ sub-vendor/ manufacturer is required to conduct 
certain type tests specifically for this contract (and witnessed by Employer or his 
authorized representative) even if the same had been conducted earlier, as clearly 
indicated subsequently against such tests. 

(b) For the rest, submission of type test results and certificate shall be acceptable 
provided. 

 i. The same has been carried out by the Bidder/ sub-vendor on exactly the same 
model /rating of equipment. 

ii. There has been no change in the components from the offered equipment & 
tested equipment. 

iii. The test has been carried out as per the latest standards alongwith 
amendments as on the date of Bid opening. 

(c) In case the approved equipment is different from the one on which the type test had 
been conducted earlier or any of the above grounds, then the tests have to be 
repeated and the cost of such tests shall be borne by the Bidder/ sub-vendor within 
the quoted price and no extra cost will be payable by the Employer on this account. 

1.01.02 As mentioned against certain items, the test certificates for some of the items shall be 
reviewed and approved by the main Bidder or his authorized representative and the balance 
have to be approved by the Employer. 

1.01.03 The schedule of conduction of type tests/ submission of reports shall be submitted and 
finalized during pre-award discussion. 

1.01.04 For the type tests to be conducted, Contractor shall submit detailed test procedure for 
approval by Employer. This shall clearly specify test setup, instruments to be used, 
procedure, acceptance norms (wherever applicable), recording of different parameters, 
interval of recording precautions to be taken etc. for the tests to be carried out. 

1.01.05 The Bidder shall indicate in the relevant BPS schedule, the cost of the type test for each item 
only for which type tests are to be conducted specifically for this project. The cost shall only 
be payable after conduction of the respective type test in presence of authorize 
representative of Employer. If a test is waived off, then the cost shall not be payable. 

283 / 460



CLAUSE NO. TECHNICAL REQUIREMENTS 

EPC PACKAGE FOR  
PATRATU SUPER THERMAL POWER 

STATION EXPANSION PHASE–I (3X 800MW)  

TECHNICAL SPECIFICATIONS 
SECTION – VI, PART-B 

BID DOC. NO.: CS:9585-001-2

SUB-SECTION-IIIC-10 
TYPE TEST 

REQUIREMENTS 

PAGE 
2 OF  9 

2.00.00 SPECIAL REQUIREMENT FOR SOLID STATE EQUIPMENTS/ SYSTEMS 

2.01.00 The minimum type test reports, over and above the requirements of above clause, which are 
to be submitted for each of the major C&I systems shall be as indicated below: 

i) Surge Withstand Capability ( SWC) for Solid State Equipments/ Systems 

 All solid state systems/ equipments shall be able to withstand the electrical noise 
and surges as encountered in actual service conditions and inherent in a power 
plant. All the solid state systems/ equipments shall be provided with all required 
protections that needs the surge withstand capability as defined in ANSI 37.90.1/ 
IEEE-472. Hence, all front end cards which receive external signals like Analog 
input & output modules, Binary input & output modules etc. including power supply, 
data highway, data links shall be provided with protections that meets the surge 
withstand capability as defined in ANSI 37.90.1/ IEEE-472. Complete details of the 
features incorporated in electronics systems to meet this requirement, the relevant 
tests carried out, the test certificates etc. shall be submitted along with the proposal. 
As an alternative to above, suitable class of EN 61000-4-12 which is equivalent to 
ANSI 37.90.1/ IEEE-472 may also be adopted for SWC test. 

ii) Dry Heat test as per IEC-68-2-2 or equivalent. 

iii) Damp Heat test as per IEC-68-2-3 or equivalent. 

iv) Vibration test as per IEC-68-2-6 or equivalent. 

v) Electrostatic discharge tests as per EN 61000-4-2 or equivalent. 

vi) Radio frequency immunity test as per EN 61000-4-6 or equivalent. 

vii) Electromagnetic Field immunity as per EN 61000-4-3 or equivalent. 

Test listed at item no. v, vi, vii, above are applicable for electronic cards only as defined 
under item (i) above. 
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3.00.00 TYPE TEST REQUIREMENT FOR C&I SYSTEMS 

Sl.
No 

Item Test 
Requirement 

Standard Test To Be 
Specifically
Conducted 

NTPC’s Approval
Req. On Test 
Certificate

Col 1 Col 2 Col 3 Col 4 Col 5 Col 6 

1 Elect. Metering 
instruments 

As per 
standard    
(col 4) 

IS-1248 No Yes 

2 Transducers As per 
standard    
(col 4) 

IEC-
60688,IS127
84 

No Yes 

3 Thermocouple Degree of 
protection 
test  

IS-13947 No No 

4 RTD As per 
standard    
(col 4) 

IEC-60751 No No 

5 Electronic 
transmitter

As per 
standard    
(col 4) 

BS-6447 / 
IEC-60770 

No Yes 

6 E/P converter As per 
standard    
(col 4) 

Mfr. standard No No 

7 Dust emission 
monitor

Degree of 
protection 
test  

IS-13947 No Yes 

8 Instrumentation Cables Twisted & Shielded* 

 -Conductor Resistance 
test 

VDE-0815 No Yes 

  Diameter test IS-10810 No Yes 

  Tin Coating 
test (Persul-
phate test) 

IS-8130 No Yes 

 -Insulation Loss of mass VDE 0472 No Yes 

  Ageing in air 
ovens** 

VDE 0472 No Yes 
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  Tensile 
strength and 
elongation 
test before 
and after 
ageing** 

VDE 0472 No Yes 

  Heat shock VDE 0472 No Yes 

  Hot 
deformation 

VDE 0472 No Yes 

  Shrinkage VDE 0472 No Yes 

  Bleeding & 
blooming 

IS-10810 No Yes 

 -Inner sheath*** Loss of mass VDE 0472 No Yes 

  Heat shock VDE 0472 No Yes 

  Cold bend/ 
cold impact 
test 

VDE 0472 No Yes 

  Hot 
deformation 

VDE 0472 No Yes 

  Shrinkage VDE 0472 No Yes 

 -Outer sheath Loss of mass VDE 0472 No Yes 

  Ageing in air 
ovens** 

VDE 0472 No Yes 

  Tensile 
strength and 
elongation 
test before 
and after 
ageing** 

VDE 0472 No Yes 

  Heat shock VDE 0472 No Yes 

  Hot 
deformation 

VDE 0472 No Yes 

  Shrinkage VDE 0472 No Yes 

  Bleeding & 
blooming 

IS-10810 No Yes 

  Colour 
fastness to 
water 

IS-5831 No Yes 
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  Cold bend/ 
cold impact 
test 

VDE-0472 No Yes 

  Oxygen index 
test 

ASTMD-2863 No Yes 

  Smoke 
Density Test 

ASTMD-2843 No Yes 

  Acid gas 
generation 
test 

IEC-60754-1 No Yes 

 -fillers Oxygen index 
test 

ASTMD-2863 No Yes 

  Acid gas 
generation 
test 

IEC-60754-1 No Yes 

 -AL-MYLAR 
shield 

Continuity 
test 

 No Yes 

  Shield 
thickness 

 No Yes 

  Overlap test  No Yes 

 -Over all cable Flammability 
Test 

IEEE 383 No Yes 

  Swedish 
Chimney Test 

SEN
4241475 

No Yes 

  Noise 
interference 

IEEE Trans-
actions 

No Yes 

  Dimensional 
checks 

IS 10810 No Yes 

  Cross talk VDE-0472 No Yes 

  Mutual 
capacitance 

VDE-0472 No Yes 

  HV test VDE-0815 No Yes 

  Drain wire 
continuity 

 No Yes 
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 * 1.0 All cables to be supplied shall be of type tested quality. The Contractor shall 
submit for Owner'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 tests 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. 

2.0 In case 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 case the type test 
report(s) are not found to be meeting the specification requirements,  the Contractor 
shall conduct all such tests either in an independent laboratory or at manufacturer’s 
works in presence of Owner’s representative under this contract free of cost to the 
Owner and submit the reports for approval. 

 **These tests shall be carried out as per VDE0207 Part 6 & ASTMD-2116 for 
TEFLON insulated & outer sheathed cables 

 ***Applicable for armoured cables only 

      

9 DC Power Supply System (Applicable for each model and rating)       

 1)The Type Test reports for offered rectifier module and the controller module 
irrespective of the rectifier bank shall be acceptable 

  Surge 
Withstand 
Capability(
SWC)

ANSI 37.90.1/
IEEE-472,EN
61000-4-12 

No Yes 

 Dry Heat Test IEC-68-2-2 orr
equivalent 

No Yes 

  Damp Heat test IEC-68-2-3 orr
equivalent 

No Yes 

  Vibration test IEC68-2-6 orr
equivalent 

No Yes 

  Electrostatic 
discharge test 

EN 61000-4-2
orr equivalent 

No Yes 

  Radio 
frequency 
immunity test 

EN-61000-4-3 
orr equivalent   

No Yes 

  Electromagneti
c field immunity 

EN 61000-4-3
orr
equivalent 

No Yes 

  Degree of 
Protection 

IS-13947 or
equivalent 

No Yes 
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10 Battery ## As per 
standard    
(col 4) 

IS-10918 (Ni-
Cd Batteries) 

IS-1652            
(Lead Acid 
Plante
Batteries)

No 

No 

Yes

Yes

11 NOT
APPLICABLE

    

     

12 UPS ( Applicable for each model and rating )  

1) Type Test reports of same series of UPS with similar PCB’s cards and controllers 
as the target UPS system shall be acceptable. 

2) For Dry heat, Damp heat and vibration, the tests conducted on individual PCB’s 
shall be acceptable. 

  Surge Withstand 
Capability( SWC) 

ANSI 37.90.1/
IEEE-472,EN
61000-4-12 

No Yes 

  Dry Heat Test IEC-68-2-2 orr
equivalent 

No Yes 

  Damp Heat test IEC-68-2-3 orr
equivalent 

No Yes 

  Vibration test IEC68-2-6 orr
equivalent 

No Yes 

  Electrostatic 
discharge test 

EN 61000-4-2
orr equivalent 

No Yes 

  Radio frequency 
immunity test 

EN-61000-4-3 
orr equivalent   

No Yes 

  Electromagnetic 
field immunity 

EN 61000-4-3
orr
equivalent 

No Yes 

  Degree of 
protection test 

IS-13947 No Yes 

  Fuse Clearing 
Capability

Approved 
procedure 

No Yes 

  Short Circuit 
current capability 

IEC 60146-2 No Yes 
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13 Voltage 
Stabilisers

Over Load Test Approved 
procedure 

No Yes 

  Temp rise test 
without redundant 
fans

Approved 
procedure 

No Yes 

14 Public Address System 

 - Amplifiers As per 
standard    
(col 4) 

IS 9302, 
Part-II

No Yes 

 Microphones As per 
standard    
(col 4) 

IS 9302, 
Part-III

IS
15482:2004/ 

IEC
61842(2002) 

No Yes 

 Loudspeaker As per 
standard    
(col 4) 

IS 9302, 
Part-IV

No Yes 

15 LIE / LIR  Degree of 
protection 
test 

IS-13947 No Yes 

16 Flue gas 
analyzers

Degree of 
protection 
test  

IS-13947 No Yes 

17 Master 
Clock 

Functional 
test 

As per  

approved
procedure 

No Yes 

18 CJC Box Degree Of 
protection 
test 

IS-13947 No Yes 

19 Junction 
Box

Degree Of 
protection 
Test 

IS-13947 No Yes 

20 OPC Data 
Access Server, 
Data Exchange 
Server & 

OPC
Compliance 
Testing 

 No Yes                  
(Self
certification is 
also
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Historical Data 
Access Server 

acceptable) 

21 Conductivity 
Type Level 
Switch 

Degree of 
protection 
test  

IS-2147 No No 

22 Local Gauges Degree of 
protection 
test  

IS-2147 No No 

23 Process actuated 
Switches 

Degree of 
protection 
test  

IS-2147 No No 

24 Control Valves CV test ISA 75.02& 
75.11 

No Yes 

25 PLCs As per 
standard (Col 
4)

IEC 1131 No No 

26 Flow Nozzle 
Orifice plates 

Calibration ASME PTC  

BS 1042 

No Yes 

 ##   The contractor shall submit for Employers approval the reports of all the type test as per 
latest IS-10918 carried out within last ten years from the date of Bid opening and the test(s) 
should have been either conducted at an independent laboratory or in presence / owners 
representative. The complete type test reports shall be for any rating of Battery in a particular 
group based on plate dimensions being manufactured by supplier. 

Note: 

 Type Tests are to be conducted only for the items, which are being supplied as a part of this 
Package. 
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PROCESS CONNECTION AND PIPING 

1.00.00 PROCESS CONNECTION PIPING 

1.01.00 The Contractor shall provide, install and test all required material for completeness of 
Impulse Piping System and Air Piping System as per the requirements of this Sub-Section on 
as required basis for the connection of all instruments and control equipments of entire plant.   

1.01.01 IMPULSE PIPING, TUBING, FITTINGS, VALVES AND VALVE MANIFOLDS

1.01.02 All impulse pipes shall be of seamless type conforming to ANSI B36.10 for schedule 
numbers. The size of impulse pipe shall be ½” for Steam & Water Application and ¾” for Air 
& Flue Gas applications. The rating of material of impulse pipes, tubes, fittings, valves and 
their installation thereof shall conform to the latest edition of standards as per following table:  

Impulse Pipes, Tubes (Material, Rating) ANSI B31.1, ANSI B31.1a, ANSI/ISA 77.70 
Valves (Material, Pr. Class, Size) ASTM A182/ASTM A105 as per ASME 16.34 
Fittings (Size, Rating, Material) ANSI B31.1, ANSI B31.1a, ASME B16.11-2009 
Installation Schemes  BS 6739-2009, ANSI/ISA 77.70 

Stainless steel tube shall be provided inside enclosures & racks from tee connection to valve 
manifold and then to instrument. The source shut-off (primary process root valve) and blow 
down valve shall be of 1/2 inch size globe valve type for all applications except for air and 
flue gas service wherein no source shut-off valves are to be provided. Two root valves are to 
be used wherever pressure is more than 40 Kg/cm2 or Temp>280 oC. The end connections 
of valves shall be of socket welded type. Typical installation scheme of DP Transmitter 
(inside LIE/LIR) mounted below instrument source point is indicated in Drg. No. 0000-999-
POI-A-036. Same scheme with necessary changes shall be applied for other instruments.  

1.01.03 The valve manifolds of 316 SS with pressure rating suitable for intended application shall be 
provided as given below: 

Manifold  Application/Measurement 
2 Valve Pressure measurements using pressure transmitters/pressure switches 
3 Valve Pressure measurements using differential pressure transmitter/ switches 
5 Valve Differential Pressure, Flow and Level Measurements 

For Pr./D.P gauges, two-way globe/gate valve shall be provided on each impulse line to the 
instrument in Fluid/Air & Flue Gas applications respectively .  

2.00.00 AIR SUPPLY PIPING 

2.01.01 All pneumatic piping, fittings, valves, air filter cum regulator, purge rotameter and other 
accessories required for instrument air for the various pneumatic devices/ instruments shall 
be provided. This will include as a minimum air supply to pneumatically operated control 
valves, actuators, instruments, continuous and intermittent purging requirements etc. 

2.02.00 Instrument air and Service air supply shall be provided for continuous and intermittent 
purging respectively for all transmitters of mill, dirty air and flue gas applications. Purging 
Scheme shall be as per Drg. No. 0000-999-POI-A-036. 

2.03.00  The Contractor shall also provide SS Tubing and associated fittings (screwed type) of 
suitable sizes for all pneumatic equipments/actuators (including supply air, signal air and 
output to actuators) conforming to ANSI 31.1 and 31.3 standard. All other air supply lines 
shall be of mild steel hot dipped galvanized inside and outside as per IS-1239, heavy duty 
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with threaded ends. Fittings for air supply line shall be of forged carbon steel A234 Gr. WPB 
galvanized inside and outside, screwed as per ASA B2.1. Dimensions of fittings shall be as 
per ASA B16.11 of rating 3000 lbs. Air supply piping shall be adequately sloped to prevent 
accumulation of condensed water within the pipe. The air supply headers, sub-headers and 
branch pipes shall be supported properly by clamps or supports. 

2.04.00  The instrument/service air supply to each equipment/devices requiring air supply shall be 
provided by a well designed air distribution scheme comprising of 2” GI Pipe Header feeding 
1” GI Pipe sub-header feeding ½” pipe at each equipment/device. Instrument air filters cum 
regulator set with mounting accessories shall be provided for each pneumatic device 
requiring air supply except for Ash Handling System wherein it shall be provided on 
instrument air header at each location. 

2.05.00  All the isolation valves in the air supply line shall be gate valves as per ASTM B62 inside 
screw rising stem, screwed female ends as per ASA B2.1. Valve bonnet shall be union type 
& trim material shall be stainless steel, body rating 150 pounds ASA. The valve sizes shall be 
½ inch to 2 inch. 

2.06.00 Instrument air filters cum regulator set with mounting accessories shall be provided for 
pneumatic device requiring air supply. The filter regulators shall be suitable for 10-kg/ sq.cm 
max. Inlet pressure. The filter shall be of size 5 microns and of material sintered bronze. The 
air set shall have 2-inch size pressure gauge and built in filter housing blowdown valve. The 
end connection shall be as per the requirement to be finalized during detailed engineering. 

3.00.00 INSTALLATION AND ROUTING 

3.01.01 All instrument piping, tubing and its accessories shall be supported in a safe manner to 
prevent excessive vibrations and anchored sufficiently to prevent undue strain on connected 
equipment. Impulse piping shall be supported at an interval not exceeding 1.5 meters. The 
slope of the impulse pipe form the process connection to the instrument shall be as per 
ANSI/ISA 77.70 latest edition and BS 6739-2009. All impulse piping shall be installed to 
permit free movement due to thermal expansion. Wherever required expansion loops shall 
be provided.  

Condensate pots shall be provided for all level measurements in steam and water services, 
all flow measurement in steam services and  for flow measurements in water services above 
120 Deg. C. Colour coding of all impulse pipes shall be done by the Contractor in line with 
the colour coding being followed for the parent pipes. 

4.00.00 SHOP AND SITE TESTS 
4.01.01 The equipment and work performed as per this Sub-section shall be subject to shop and site 

test as per requirements of Sub-section-IIIE-04 (Quality Assurance & Inspection) other 
applicable clauses of this Sub-section and Employer approved quality assurance plan. 

4.01.02 Hydrostatic and Pneumatic leakage tests shall be performed on all pipes, tubing and systems 
and shall conform to ANSI B31.1. 

5.00.00 LOCAL INSTRUMENT ENCLOSURE AND RACKS 

All transmitters, switches etc. in Boiler Turbine Generator measurements  (except for all 
fuel oil applications) shall be suitably grouped together and mounted inside (i) local 
instruments enclosures in case of open areas of the plant like boiler area, etc. and (ii) In 
local instrument racks in case of covered areas like Turbine/Generator area. The GA of LIE 
with purging indicated in the Drg. No. 0000-999-POI-A-036 is to be followed by contractor. 
The GA of LIR shall be similar to LIE except for front/rear doors and side panels.     
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.

The internal layout shall be such that the impulse piping/ blow down lines are accessible 
from back side of the enclosure / rack and the transmitters etc. are accessible from front 
side for easy maintenance. Bulkheads, especially designed to provide isolation from 
process line vibration shall be installed on instrument enclosures/racks to meet the process 
sensing line connection requirement. Vibration dampeners shall be installed for each 
enclosure / rack. The Degree of Protection of LIE and JB of LIE/LIR shall be IP-55. 

The instrument racks shall be free standing type constructed of suitable 3 mm thick channel 
frame of steel and shall be provided with a canopy to protect the equipment mounted in 
racks from falling objects, water etc. The canopy shall not be less than 3 mm thick steel, 
and extended beyond the ends of the rack.  

Enclosures/Racks shall be reinforced as required to ensure true surface and to provide 
adequate support for instruments and equipment mounted therein. Centre posts or any 
member which would reduce access shall not be provided. 

Contractor shall provide not more than three variants for LIE/LIR with respect to max. no. 
transmitters mounted in each LIE/LIR. 

5.01.00  ENCLOSURE / RACKS FOR DUAL I/P TEMPERATURE TRANSMITTERS

All Dual Input temperature transmitters in Boiler Turbine Generator measurements shall be 
suitably grouped together and mounted inside (i) Enclosures in case of open areas of the 
plant like boiler area, etc. and (ii) Racks in case of covered areas like Turbine/Generator 
area. Integral JB shall be provided with each Enclosure and Rack.  

The internal layout shall be such that the transmitters are accessible from both front and 
back side of the enclosure / rack for easy maintenance.  

Enclosure/ Racks shall be of robust and rugged design. Vibration dampeners shall be 
installed for each enclosure / rack. The Degree of Protection of Enclosure and JB  shall be 
IP-55.

Enclosure and Racks shall be free standing type. 

Enclosures/Racks shall be reinforced as required to ensure true surface and to provide 
adequate support for instruments and equipment mounted therein.  

Contractor shall provide not more than five variants for Enclosure/ Rack with respect to 
max. no. transmitters mounted in each Enclosure/ Rack. However, the maximum number of 
Transmitters that can be grouped in one Enclosure/ Rack shall be decided during detail 
Engineering.   

6.00.00  INSTALLATION OF OTHER INSTRUMENTS: 

For installation and routing of other field mounted instruments which are not covered in Cl. 
No. 5.00.00, please refer Cl. No 52.04.00(f) of Section-VI, Part-D, Erection Conditions of 
Contract (ECC) of Technical Specifications. 
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SUB SECTION: C&I

308 / 460



309 / 460



310 / 460



311 / 460



312 / 460



313 / 460



314 / 460



315 / 460



316 / 460



317 / 460



318 / 460



319 / 460



320 / 460



321 / 460



322 / 460



323 / 460



324 / 460



����� ��	
������� ������������ ��������������	������������� ������������
���������

� ������	
���
�
�����
����
�����
����������������������������

��������������� �����!�
�"���"#�

�"$�%&��'�����(#""��'����)���"�������*��#"�*�'�
��������+��'�����+�#"��$,-..�.���/0�
�$��/
������1�����
�����1���2
��2	��
��34���5���

���6������5/5�5�'  25����6���2���	44�2������2��
��-7'���6�
�88�
���/�6�����
/0�
�$�9:7$.:;:7<,7;%,�/
������1��=%.,,�������1��
��2�5��2�	���36��6�����5���

�>�2?�$�$@ 25����6���2���	44�2�������2��
��-7'�6�
�88�
���/�6���$
$�����A�/0�
�$�9:7$.:;:7<,7;%,��(�B�1���/
������1��=%.,,�������1��
��2�5��2�	���36��6�����5���C����4�5������36��6����5���C�
�����3D04���������5���

�5*5�"���"#�
������ �����/��5�#�E5

/#"���"5�$=,.'�"//5/"#���������"�'�>�+#����E������#�
������'�����)����/0�
�$�=,;=.7<:&=::��/
������1��<..-.<��
�����1��2?���36�
�5����C�2?�
�6�3D��5
��5


��>�2?�$�$@�����)�*� ����/#"���"5��$=,.'�"//5/"#����
�����"�'>�+#����E������#�������'��)����$�)���$
 �)����)������E���/0�
�$�.==$F--.-.7<=��(�B�1��.==$=,;=.;.��
/
���� 1 <.. -.< ���� 1 2?���
32?���5��5


 ���������6���/6�5�#��5 �--$�-%�+�E����2��������0����D���/0�
�$�.%7==;=��-�7�
/
������1��:;=::.�������1�����5�����3������6��6��5���

��>�2?�$�$@��2	
�/�����E2��--$�-%�'+�E����2����$�0����D��$
+��������
���/0�
�$�.%7==;=��-�7�&�::-7��(�B�1���/
������1��
:;=::.�������1�����5�����3������6��6��5���

� ���"��/�"�����
 ���+� �����)������
#� ���E

�<%'�*���/�**� ���##�+�'������)������/0�
�$�=:%==�;<'�
=:%�-=<=�/
������1��-...7-�������1��
G��
��25�
403���2��
5���

��>�2?�$�$@ 25���
4�2�G�
��)����$�#��
��
�� �
	H�����
�<%'*�2���??�������4�'�$�0�

�$�� �#���E���
���/0�
�$�.<<<7.:�
<:7,��(�B�1���/
������1��-...7%�������1��
��
4�2�G�
5 3���2��
5���

��6�2
�+����
��
���/6�5�
#��5

(7-�!�(7%'��������
�	��2���/�2?'��2	
4���	?����'�����0�

�'�
/0�
�$�.<<$<%�.<=..'�/
������1��-.=��%'�������1��

H�3��6�2
4����
5��5
'

��>�2?�$�$@ 25�*5*�	�0?'��(7-�!�(7%'��������
�	��2���
/�2?'�2	
4���	?����'�$�0�

�$�� �#���E���
���/0�
�$�.<<$
<%�.<=..'��(�B�1��.<<$<%�...%:'�/
������1��-.=��%'�������1��

H�3��6�2
4����
5��5


�" �(���/����#���#���
�"#���"���/���#�E

 25�*5 5��
?����2�&��5� 5��
?����2��/������1�=;,&='�
/�
�02��
��������'�����2��������2�4�'����6����0����D���
/0�
�$�.%7$<..;:;=,�/
������1��:;=<<,�������1��

H�3D���H�$
��5���

��>�2?�$�$@ 25�*5 5��
?����2�&� 25��5 5��
?����2��E2�/������1�
=;,&='�/�
�02��
��������'����2��������2�4�'����6�'�$�0����D��$
+���������E���/0�
�$�.%7$<..;:;=,��(�B�1���/
������1��:;=<<,��
���� 1 
H�3D���H�$
��5���

("����� ���)�##������
/��5#�E5

�$:<&:,�'� �E��������'�)$�#"�*'�/� /��'����/���'�/0�
�$�
.=.$=%<<=.=.'�/
������1��<��.�;�������1��
�
��4�	
�3H�2D����2�0���5���

�>�2?�$�$@ 25���
G��6��0
�����$:<&:,� �E��������')�����?'�/��2'�$
/	
�$ �)����)�����
���/0�
�$�7:=:�%-<.-��(�B�1��.=.$=%<<=.<.�
/
������1��<��.�;�������1����0
��3H�2D����2�0���5���

������ ������"��#�E5 *����*"E��>���'�/�#�#**�E'����/�#�**�E�/0�
�$�
=,--�=%$�:.'=,-%�=;�/
������1��-%;-=:�������1��
�6���34���5���CH�=3��4�5���

��>�2?�$�$@E5����E)����'��+ �>�2?�!//����*����*"E��>���'�$
/�#�**�E$*���#����E���/0�
�$�.<7�$=,--,:-��(�B�1��.<7�$=,--�:,�
/
������1��-%;-=:�������1��
����0�2�
3��4�5���C�2�G3��4�5���C42���03��4�5���'�
�����2���3��4�5���CH�=3��4�5���C
�8��2�3��4�5���C�?63��4�5��
�C2���03��4� ���

*�����
���/26����#����' )�::�!�:<'� �E�'���D��'�������0?'�/0�
�$�.7-,.=::<::�
/
������1��<==.�.'�������1��G�����54�	23?���5��5


>�2?�$�$@/5�5��)"*�*� ��&��� ������E����
�2������6��E6��
'�)$
::!:<'� �E�'���D��'�$���0?$ �)����)�����
���/0�
�$�7��7<<�
%<<�:�7;��(�B�1��.<7��$�,=-77�<�/
������1��<==.�.�������1��
�G�3?���5��5
C�
I	2A3?���5��5
��>�2?�$=$@9/5�5��)"*�
*� ��&��� ������E���$�' �E�'��D���$���0?$ �)����)�����
���
/0�
�$�7��7<<�%<<�:�7;��(�B�1��.<7��$�,=-77�<�/
������1��<==.�.��
�����1���G�3?���5��5
C�
I	2A3?���5��5


�� �"���"���"#��/��5�
#�E5

 25���	��2�G�$ E�E�=;�'� �E����
G�
4��
������02	2��/	
��
/0�
�$�.=.-%=<--..�/
������1��<�===.�������1��
�����3�����
��
�2���5
��

��>�2?�$�$@�"�0�2��E�=;�'� �E����
G�
4��
�$/	
�$ �)����)����
�
���/0�
�$�.=.-%=<--..';,,<77%7-:��(�B�1���/
������1��<�===.��
�����1�������3�����
��
�2���5
��

*��� �#��"���"#��#�E5  25����D��0�2�
& 25+�������A� ������2'��

���
�����/5"5�
 �#�'���02��	2�/0�
�$�.<;.$=-7,%..�/
������1��-;.%<���
�����1��DG	5���
3?�D5���

��>�2?�$�$@ 25�G	����
& 25�����/�	��� ������2'��

���
���'�$
�02��	2$*���#����E���/0�
�$�7<<%,,,,..��(�B�1��7��<;.�=;7.7,=�
/
������1��-;.%<��������1��G���5��	�3?�D5���

��J)"��E�#�������+K�
��������!����)�"#"+K�
�"5'�#�E5

���,--�(�
4I�����������0	��
�	��2���/�2?'��B�
4�0�
4�
���
����E�6������
��J�
�'���	80�	�/0�
�$�
..;-�;.�=%%-.-=�/
������1��=�,�<:�������1��
G��
���3����
$6��6�5���

��>�2?�$�$@ 25�J�
4�B
���"����,--�(�
4I�����������0	��
�	��2���
/�2?'B�
4�0�
4��5�J5�$�	80�	$(�2�4
���	
�2A��)����/0�
�$�
..;-�;.�=%%-.-=��(�B�1���/
������1��=�,�<:�������1��
G��
���3����
$6��6�5���

>�#E� ���/�����
�� ������(����*�+ �)

 25�>
H2���E2��0�����0	��
D	24�2��
���2�����=-�'����
)�

�6�2�/0�
�$�9<7$,��=%7=-.�/
������1��:.<�7�������1��
�2��0��3�2	��5��C�6�4��3�2	��5��

��>�2?�$�$@ 25�>
H2���E2��0�����"���0	��
D	24�2��
���2�����=-�'�$
)�

�6�2$�+�� ��K�/0�
�$�9<7$,��=%7=-.��(�B�1���/
������1��
:.<�7�������1���2��0��3�2	��5��

�5�����6��  25��0�����
'���A�4���4�2'�+����	2'��������
�0�2�/0�
�$�
7;%=-=-:%-�/
������1���<<..<�������1��
�	���2�3H��2��H��L����2�5���

��>�2?�$�$@ 25��0�����
�E2���A�4���4�2'�+����	2'�$����
�0�2$
/��������E���/0�
�$�.�;�=-.�%<�'7;%=-=-:%-��(�B�1���/
������1��
�<<..<�������1���	���2�3H��2��H��L����2�5���

������(�	�A
��/6�5�#��5 �
�A�?�+��2��/�������<'�5��5�%&�$���*��02	���
�	��2���
��������/	
��/0�
�$�.=.�=,<-<,,��/
������1��<��.:;�������
1��
H�3�����H�	�A
�5���

��>�2?�$�$@��/�������<'�5��5�%&�$��*��02	���
�	��2����������$/	
�$
 �)����)����
���/0�
�$�.=.�=,<-<,,���(�B�1���/
������1��<��.:;�
�����1��
H�3�����H�	�A
�5���

�����2�
����I	���
���/6��
#��5

 25���G�
�2����4��
?�2& E'�/������5�;<'�;,�!�;-'���
A�
�
�	��2����������*�
�0L���	�2	?'��/	
��/0�
�$�7;==.�,=,-�
/
������1��<��.<;�������1��0�3����
��5���

��>�2?�$�$@�"�0�2��/������5�;<'�;,�!�;-'��
A��
�	��2���������'�
*�
�0L���	�2	?�$/	
�$ �)����)������E���/0�
�$�=.$=-7:=.:7��
(�B�1��=.$=-7:<�==�/
������1��<��.<;�������1��0�3����
��5���

�������(���E�������
��" ��K��/���#�E'

"HH���
�5�,:'��02��� �
��0��������'�/������5�,�!�-'����$:'��
+0�
����������'����6� 	�D�'�/0�
�$�7;7==:.-=:'�/
������
1��<..�%.�'�������1����D��36�
�5���

��>�2?�$�$@���
�H����
��2'�"�0�2���A$/�����	
���
'���2�*����?�2�
�����4��?�	��'��	�D2�'�0�
��$ 	�D�$ �)����)������E���/0�
�$�
.==$=,<7�<.7'7;7==:.-=:��(�B�1���/
������1��<..-�=�������1��
��D��36�
�5���

� �����" ������/�  �5����"��"��"���##"& 2�5��
2�����88��������E�##��
��E������'�:-������� "���/0�
�$�:7.:%==�,%<�/
������1��
=-�..�������1��
H�3�����
�����5���

��>�2?�$�$@ 2�5��
2�����88���0������E�##����E������'�:-'�$
��� "��$�����A�/0�
�$�:7.:%==�,%<��(�B�1��:7.:%==;:�;�/
������1��
=-�..�������1�������3�����
�����5���

����$ ��)��"���"#������
/��5#�E5

���)�##"�� '����)�##"�� '�=7&:�&:'�����������+��'��
)�E�/���'��/����/0�
�$�.=.=-7%.<,.�/
������1��<��.=;��
�����1����2?��
43���2���05
��

��>�2?�$�$@����*�+"��&� �)M�E�������"E����2�
�5,<'�/����
��5��.'�L������?�
�
���
�	��2������5)�E�/��$/���$ �)����)����
��E���/0�
�$�.=.=-7%.<,.��(�B�1��.=.=-7%.<%.�/
������1��<��.=;��
���� 1 ��2?��
43���2���05
��

������ ������"��#�E5 *����*"E��>���'�/�#�#**�E'����/�#�**�E�/0�
�$�
=,--�=%$�:.'=,-%�=;�/
������1��-%;-=:�������1��
�6���34���5���CH�=3��4�5���

�������E"��#�����/�� ����������+"�K�����"���=&�7&=.�7�=1,;1:;�/ 

�"���"#���#������

�#����" �+������
(#">� �����������

(#">��#� ��������<

:

=

325 / 460



 ���"�/������"��
/�"E�����/��5�#�E5

 25��
���0��'�)5�5���5$<.'���6�
	��������'������4�$
E	�0���'��0���!�E���5�/��L����(���E���E�/0�
�$�
7,-.%<=%�:C.7,-.%<=%�/
������1���=�..=�������1��
�
�5D0��3L?�5���

 ���"����E����/�������
#� ���E

 25���G��6����	��6�'�E&:,'����� ���E������#�������'��
*����>�E�'� �/���'��+��'�/0�
�$�7:�:-:%.%:�/
������1��
<.:,=-'�������1��4����034�
�2��$4�	4��5���

�>�2?�$�$@��E&:,'���� ���E������#�������'�*����>�E�' �/���'�
$+��$+����
���/0�
�$�7:=.�7%;=,'��(�B�1��.;:=$==,%=-='�/
������1��
<.:,=-'�������1����
���0?	��234�
�2��$4�	4��5���

�������N��/ �����/��5�
#�E5

 25���2�0�
����0�
?�2'��
����:,&:-&<�'"���
�
��
�
�	��2������5�� �0�
G����	
��2G�������'��40	
��0���4�2'��
�0�
��/0�
�$�.==$=,;:=:=:�/
������1��<..-.<�������1��
��
��
��34���5���

��>�2?�$�$@�"�0�2�� �0�
G����	
��2G�������'���40	
��0���4�2'�
�0�
��$ 	�D�$ �)����)������E���/0�
�$���(�B�1���/
������1��
<..-.<�������1��

�������(���E�������
��" ��K��/���#�E'

"HH���
�5�,:'��02��� �
��0��������'�/������5�,�!�-'����$:'��
+0�
����������'����6� 	�D�'�/0�
�$�7;7==:.-=:'�/
������
1��<..�%.�'�������1����D��36�
�5���

��>�2?�$�$@���
�H����
��2'�"�0�2���A$/�����	
���
'���2�*����?�2�
�����4��?�	��'��	�D2�'�0�
��$ 	�D�$ �)����)������E���/0�
�$�
.==$=,<7�<.7'7;7==:.-=:��(�B�1���/
������1��<..-�=�������1��
��D��36�
�5���

�����2�
����I	���
���/6��
#��5

 25���G�
�2����4��
?�2& E'�/������5�;<'�;,�!�;-'���
A�
�
�	��2����������*�
�0L���	�2	?'��/	
��/0�
�$�7;==.�,=,-�
/
������1��<��.<;�������1��0�3����
��5���

��>�2?�$�$@�"�0�2��/������5�;<'�;,�!�;-'��
A��
�	��2���������'�
*�
�0L���	�2	?�$/	
�$ �)����)������E���/0�
�$�=.$=-7:=.:7��
(�B�1��=.$=-7:<�==�/
������1��<��.<;�������1��0�3����
��5���

������ ������"��#�E5 *����*"E��>���'�/�#�#**�E'����/�#�**�E�/0�
�$�
=,--�=%$�:.'=,-%�=;�/
������1��-%;-=:�������1��
�6���34���5���CH�=3��4�5���

��>�2?�$�$@E5����E)����'��+ �>�2?�!//����*����*"E��>���'�$
/�#�**�E$*���#����E���/0�
�$�.<7�$=,--,:-��(�B�1��.<7�$=,--�:,�
/
������1��-%;-=:�������1��
����0�2�
3��4�5���C�2�G3��4�5���C42���03��4�5���'�
�����2���3��4�5���CH�=3��4�5���C
�8��2�3��4�5���C�?63��4�5��
�C2���03��4� ���

)KE�"/��� ������/��5�
#�E5

 25�E ���0	�+&�'�)����2�L
�����5'�������4�������� ��	���
/0�
�$�.;:=$=:-.:-<�/
������1��<.:,.%�������1��
�G�A2�30A�2��
�	�����5��5


��>�2?�$�$@ 25�E ���0	��E=&-'���0�����
�	��2���������'�$��0���$
+����
���/0�
�$�.;:=$=:-.:-<��(�B�1��.;:=$=:-.:-;�/
������1��
<.:,=7�������1���G�A2�30A�2��
�	�����5��5


(��L����2��
4
��2
4�/6�5�
#��5'

 �5�*)�#�E��*)���& �5���/���*� ��������/������$%�(&='�
��2�0�2
��
����
�	��2����=.&:'� ��0	2��������(���E���E�
/0�
�$�7;�;�%-:;.�/
������1���=�..,�������1��
?0���3H��L���25��5


��>�2?�$�$@ �5�*)�#�E��*)���& �5���/���*� ���������/������$%�
(&='���2�0�2
��
����������'=.&:'� ��0	2�������$(���E���E$
)��K������E���/0�
�$�.�=7$<.-7--�'��(�B�1��.�=7$<.-7--:�/
������
1 �=�.., ���� 1 �?G�
�3H��L���25��5


 ���"�/������"��
/�"E�����/��5�#�E5

 25��
���0��'�)5�5���5$<.'���6�
	��������'������4�$
E	�0���'��0���!�E���5�/��L����(���E���E�/0�
�$�
7,-.%<=%�:C.7,-.%<=%�/
������1���=�..=�������1��
�
�5D0��3L?�5���

��>�2?�$�$@ 25����������)��)���')5�5���5$<.�"�0�2����6�
	��
������'�����4�$E	�0���'���0���!�E���5$/��L���$(�2��D��$)�2A�
��
�
���/0�
�$�7,-.%<=%�:��(�B�1���/
������1���=�..=�������1��
�
�5D0��3L?�5���

 ���"����E����(#">�
�#� �����/��5�#�E5

 25���40�6�
�2�� 5�*	�?�2
�E=$<7&,.'��6���
�	��2���
������'��*�2��L����� ��	���/0�
�$�.;:=$==,%.,7�/
������1��
<.:,=-�������1��4�H��L�����
�34��

��5���

��>�2?�$�$@ 25���40�6�
�2�� 5�*	�?�2
�E2�E=$<7&,.'��6��
�
�	��2���������'*�2��L����$ ��	��$+"����E���/0�
�$�.;:=$
==,%.,7��(�B�1��.==$=<<,,.=-�/
������1��<.:,=-�������1��
4�H��L�����
�34��

��5���

����$ ��)��"���"#������
/��5#�E5

���)�##"�� '����)�##"�� '�=7&:�&:'�����������+��'��
)�E�/���'��/����/0�
�$�.=.=-7%.<,.�/
������1��<��.=;��
�����1����2?��
43���2���05
��

��>�2?�$�$@����*�+"��&� �)M�E�������"E����2�
�5,<'�/����
��5��.'�L������?�
�
���
�	��2������5)�E�/��$/���$ �)����)����
��E���/0�
�$�.=.=-7%.<,.��(�B�1��.=.=-7%.<%.�/
������1��<��.=;��
���� 1 ��2?��
43���2���05
��

�)� ��"#����E��������
/��5�#�E5

 25�*5����E�*� ���� ���)�##'����*����)����"�E'��
/">��'�� � ����/0�
�$�.==$-%�,�=-��/
������1��<...%=��
�����1����
?�
��
3�0���2���5���

��>�2?�$=$@9>�2?��$���1 &���0���2�������������/6�5�#��5'/������5($
<:'<<�"�0�2�������
�����D�2
��0��
�	��2���' 5�5E5�5'���D�2
��0�$
�0�
�$ �)����)������E���/0�
�$�==$-%�,�=-�'7;=�.�<7.=��(�B�1��
7�$==$=;,%�7�:�/
������1��<=�,.:�������1��
��
?�
��
3�0���2���5���

������ ������"��
��+�������/���#�E

�)5�5�5�� �+"/�#& �5��5��)���*��/#"����'=':'�/)���$���'�
�E�'����E� ��#���)KE�����E�/0�
�$�7;<;<.%:-,�/
������
1��,...,,�������1������03�H��L����2�5���

��>�2?�$�$@ �5��5�5 ���)K& �5�*5�5��������*����/#"����'=':'�
/)���$���'�E�'����E� ��#��$)KE�����E$��#��+������E���/0�
�$�
7;;,�.%:�=��(�B�1��.<.$=:.7-<.��/
������1��,...,,�������1��
�����3�H��L����2�5���

EK��(#��E���#������E�
(#">��"���"#���/��#�E5

 25�K�4�0� 5�*	�?�2
�/����O�=:'���A��D�4'�������4�	��
/0�
�$�.;:�$<=�.:;-�/
������1��,7...;�������1��
A�4�03�A
�$H�	�5���

�>�2?�$�$@ 25�K�4�0� 5�*	�?�2
�E2�/����O�=:'���A��D�4'�$���4�	�$
*������*����E���/0�
�$�.;:�$<=�.:;-��(�B�1��.;:�$<=�.:;-�
/
������1��,7...;�������1��A�4�03�A
�$H�	�5���

��������"�/"����E �������)����&������*� ���>$�-%�'�+�������*��#��)$�����
��>�E�#)��/0�
�$�7;�.�;=<:.�/
������1����..<;�������1��

2�G3�	2�
�5���

/������"����+�������+�
��E�������

*5������� &�*5����������%'��E)�/������E������#��������
�5�5��"�E'+"��+�"��>��� � ����/0�
�$�.==�<=-:�%..�
/
������1��<..�.-=�������1����?�36�
�5���

��>�2?�$�$@�#�B���/����&�*5�����������%5���E)�/������E������#�
������'����"�E'�+"��+�"��>�����$ � ���$ �)����)������E���
/0�
�$�.==$<=-:�%..��(�B�1��.==$<..:,=,7�/
������1��<..�.-=��
�����1���2
6��3�2����
$�
445���

���H��!����6��/6�5�#��5  25�����	���
& 25��
�A�������	26�A���5�=:&�'�/�2��='��
�0����D��$ �0��
��)40L�A��#����	2�'���
����
�/0�
�$�
.=%-<$=-%.:-&:%�/
������1��:;=%.,�������1��
��2?��
43���$H�5���

��>�2?�$�$@ �����
���/�0���& ���/�6�
��0�6�����	26�A���5�=:&�'�
/�2��='��0����D��$ �0��
��)40L�A'�#����	2��$��
����
$+�������
��E���/0�
�$�;<-.;<;.;%��(�B�1��=%-<$=-%.:-&:%�/
������1��:;=%.,��
���� 1 �������3���$H�5���

)/���#����!�(�����+��
��E���/��5�#�E5

�5�)�2�0�
�2�
&/5�5�/�
���$��'� 	4����2��
�	��2���������'��
�)������/0�
�$�.<<�=-=,=,:%�/
������1��-...:%�������1��
�����30�6��6��
��5���

��>�2?�$�$@�5�)�2�0�
�2�
&�/5�5�/�
����$��'� 	4����2��
�	��2���
������'�$�)�����$�� �#���E����E���/0�
�$�.<<$=,=,=,:%��(�B�1��
.<<$=-=,=,:;�/
������1��-...:%�������1�������30�6��6��
��5���

�2A���2�H���!��
4
��2
4�
/6�5�#��5

 25��
G�A��2�0��
& 25�0A�����82�
��.='���2���
�	��2���
���������5<����640�2'����������������E��5�0�
�'� 	�D��
/0�
�$�97�$=,.$=:7==<-�/
������1��<.�=�.�������1��
�2A�3�2A��
445���

/�2H�����
��2	��
����
�
��
�2�����
����/6�5�#��5

 E�)	���
��0�?0&�0�0�
�L�8�*0�
�+������5��-;'�#�0�?�
�0L��'=�-&�=�;'�� �	��
���8�����5���4������	
���
��
 	�D��/0�
�$�7�$7:=<:;:�=��/
������1��<....;�������1��
�0�0�
�L�85?0�
3��2H���
��2	��
����
5���

��>�2?�$�$@�0�0�
�L�8�*0�
����0L��0L�2��
�5�/2��������$������5�
#��'($�;&�7'�/2��0?�2�
'�0����� �E��$/���$ �)����)������E���
/0�
�$�.=.$:.-7<�:<��(�B�1��.==$=:.�:.�.�/
������1��<��.=-�������
1���0�0�
�L�85?0�
3��2H���
��2	��
����
5���

(#��E(�����+�������/��5�
#�E5

 25��DD����0����/�����	��
4���5�='�"HH�����5�:'=7='��
������������' 	�D����
�2����������� 	�D��/0�
�$�
77=..<<��:�/
������1��<....;�������1���D3H�	�H��
445���

��>�2?�$�$@ 25��DD����0������
����5��-'��	�2�����
�	��2���
������'*���
��0L�
������'E�6���'�$���������$ �)����)�����
���
/0�
�$�77=..<<��:��(�B�1��.%:.:�%;=<:�/
������1��<.�=.;�������1��
�D3H�	�H��
445���

��*�����E������#�
/�"E����

�5�5���+)&����������+)���$�='�����"��$�-'�����"�E��
/0�
�$�97�$7;�.�==.%.�/
������1��=.�:.��������1��

�6��
�
4036�
�5���

��>�2?�$�$@�5�5���+)&�����������+)����$�='�����"��$�-'�$�"�E�$
������/��E��)���E���/0�
�$�.�=.$<:,=7<.��(�B�1��.�=.$<:,=7<.�
/
������1��=.�:.��������1��
�6��
�
4036�
�5���

(#">��#� ����$�
"��(��������������

������ ����
(�����+�����������

-

,

326 / 460



(�	����
�2����/6�5�#��5 ���0��K5� ���00���& �A	2���G�	���5�5/���#'��5�5��� /E'�
�5 �E)�*��� ��+'���#/)����"����"�E���5�>��'��
 � ����/0�
�$��.==��<:::;...�/
������1��<...�:�������1��
�����3H�	���
�2���5���

��>�2?�$�$@ 25���
��
��0�	�0�2& 25� �0��0�E�2�?�2���0�����5;'�
#�
�6����
��5��$��5�������#��'��4�24��
'�$#�
�6��$ �)����)����
��E���/0�
�$�7;=:7,�:<%��(�B�1���.=��<��=%��:=�/
������1��<�.�<.��
���� 1 H����2A30A�$�25���

/��� ���+������  25���
���0��0	?���=.:'����
40��	�
���'/�2�L���'����0�2�
2���'�
�0�2������'�� 	�D�'�/0�
�$�7;7=�%7,=7'�/
������1��
<...77'�������1����
���03��
���
4
��2�5���'

��>�2?�$�$@ 25���
���0��0	?���"�0�2���$-=;'�����
�	��2����2��'�
 �E�����D���'�$��6� 	�D�$ �)����)�����
���/0�
�$�
7;=�:,.%-�'��(�B�1��.==$=%-7,,,7'�/
������1��<..%.�'�������1��
�����3��
���
4
��2�5���

��*�����E������#�
/�"E����

�5�5���+)&����������+)���$�='�����"��$�-'�����"�E��
/0�
�$�97�$7;�.�==.%.�/
������1��=.�:.��������1��

�6��
�
4036�
�5���

��>�2?�$�$@�5�5���+)&�����������+)����$�='�����"��$�-'�$�"�E�$
������/��E��)���E���/0�
�$�.�=.$<:,=7<.��(�B�1��.�=.$<:,=7<.�
/
������1��=.�:.��������1��
�6��
�
4036�
�5���

(�	����
�2����/6�5�#��5 ���0��K5� ���00���& �A	2���G�	���5�5/���#'��5�5��� /E'�
�5 �E)�*��� ��+'���#/)����"����"�E���5�>��'��
 � ����/0�
�$��.==��<:::;...�/
������1��<...�:�������1��
�����3H�	���
�2���5���

��>�2?�$�$@ 25���
��
��0�	�0�2& 25� �0��0�E�2�?�2���0�����5;'�
#�
�6����
��5��$��5�������#��'��4�24��
'�$#�
�6��$ �)����)����
��E���/0�
�$�7;=:7,�:<%��(�B�1���.=��<��=%��:=�/
������1��<�.�<.��
���� 1 H����2A30A�$�25���

/������"����+�������+�
��E�������

*5������� &�*5����������%'��E)�/������E������#��������
�5�5��"�E'+"��+�"��>��� � ����/0�
�$�.==�<=-:�%..�
/
������1��<..�.-=�������1����?�36�
�5���

��>�2?�$�$@�#�B���/����&�*5�����������%5���E)�/������E������#�
������'����"�E'�+"��+�"��>�����$ � ���$ �)����)������E���
/0�
�$�.==$<=-:�%..��(�B�1��.==$<..:,=,7�/
������1��<..�.-=��
�����1���2
6��3�2����
$�
445���

��������"�/"����E �������)����&������*� ���>$�-%�'�+�������*��#��)$�����
��>�E�#)��/0�
�$�7;�.�;=<:.�/
������1����..<;�������1��

2�G3�	2�
�5���

��*�����E������#�
/�"E����

�5�5���+)&����������+)���$�='�����"��$�-'�����"�E��
/0�
�$�97�$7;�.�==.%.�/
������1��=.�:.��������1��

�6��
�
4036�
�5���

��>�2?�$�$@�5�5���+)&�����������+)����$�='�����"��$�-'�$�"�E�$
������/��E��)���E���/0�
�$�.�=.$<:,=7<.��(�B�1��.�=.$<:,=7<.�
/
������1��=.�:.��������1��
�6��
�
4036�
�5���

��������"�/"����E �������)����&������*� ���>$�-%�'�+�������*��#��)$�����
��>�E�#)��/0�
�$�7;�.�;=<:.�/
������1����..<;�������1��

2�G3�	2�
�5���

/������"����+�������+�
��E�������

*5������� &�*5����������%'��E)�/������E������#��������
�5�5��"�E'+"��+�"��>��� � ����/0�
�$�.==�<=-:�%..�
/
������1��<..�.-=�������1����?�36�
�5���

��>�2?�$�$@�#�B���/����&�*5�����������%5���E)�/������E������#�
������'����"�E'�+"��+�"��>�����$ � ���$ �)����)������E���
/0�
�$�.==$<=-:�%..��(�B�1��.==$<..:,=,7�/
������1��<..�.-=��
�����1���2
6��3�2����
$�
445���

(�	����
�2����/6�5�#��5 ���0��K5� ���00���& �A	2���G�	���5�5/���#'��5�5��� /E'�
�5 �E)�*��� ��+'���#/)����"����"�E���5�>��'��
 � ����/0�
�$��.==��<:::;...�/
������1��<...�:�������1��
�����3H�	���
�2���5���

��>�2?�$�$@ 25���
��
��0�	�0�2& 25� �0��0�E�2�?�2���0�����5;'�
#�
�6����
��5��$��5�������#��'��4�24��
'�$#�
�6��$ �)����)����
��E���/0�
�$�7;=:7,�:<%��(�B�1���.=��<��=%��:=�/
������1��<�.�<.��
���� 1 H����2A30A�$�25���

*5�5������ �����
/��5#�E5

����40�6�
���5�%='�:2�� �
'��������4����
�	��2����	D	2D'�
K��0L�
�0�	2����
4���2��/0�
�$�7;;.:;,%%.�/
������1��
,-..==�������1��������3?�
��2	��
��5
��

���)�������E������� �"$='"//$=%������#�K"���=�E���+����� �)�#��#����B���
=�E���+�����+�#"�����/0�
�$��/
������1����������1��
�	�0�2�5
�	��2��D�234���5���

��>�2?�$�$@�5��2
6�����	�0�2���
�	��2��'�"������,:'� 	
��0L�2��
����?�E�6
�4�2'�#����4���0���$���+�#"��$*������*����E���/0�
�$�
.;.$=:,��=<%��(�B�1���/
������1��,-..7<�������1��
�	�0�2� 
�	��2��3A�0��5���

�02�
?�!������
A'  25� ���0��0�0& 25�/	�
��0�0�:7��&:�'/�
�02��
���
�	��2����
������'���2?0�G$��6����������0����D���/0�
�$�7;=,.=<7=��
/
������1��:;==�:�������1�������3�	��2�
5���'�
�	�
3�	��5���

��>�2?�$�$@ 25/	�
��0�0&� 25�*�����0�/�2��2��:7��&:�'/�
�02��
��
�
�	��2������'��2?0�G$��6�������'��0�
4��0�2�$�0����D��$+�������
��E���/0�
�$�7;=,.�;.::7����(�B�1��.%7$=-7:=<=<�/
������1��
:;==�: ���� 1 �����3�	��5���

(#�B/�"��#�������#��
/��5�#�E5

 25�E
��0D0��J�6�2��$�&�=%!:%'�+�E�'�*�D���2�'������6��2�
/0�
�$�.=-:%$=-,�<.'=-,..:�/
������1��:7-<=<�������1��
H����2�3H����2����5���

��>�2?�$�$@ 25�E
��0D0��J�6�2���"��$�&�=%!:%'�+�E�'�*�D���2�'�$
��6��2$+���������E���/0�
�$�.=-:%$=-,�<.'=-,..:��(�B�1��.=-:%$
=-,:.;�/
������1��:7-<=<�������1��H����2�3H����2����5���

�� ������E������#�!�
��+�������+�>"�*�

��+���)� �)��E����� ����E�������*��#E+5'�)����
��+��)����E#5�������'�����"���"�E'�� � ����/0�
�$�
.==�-%7%:,%;�/
������1��<..�.;;�������1��
�G��2�3�G��2�5
��' G��G��2�3A�0��5���

��>�2?�$�$@��+���)� �)��E����� �����E�������*��#E+5'��)����
��+��)��E#5�������'�����"���"�E'�$ � ���$ �)����)����
��E���/0�
�$�.==�-%7%:,%;��(�B�1���/
������1��<..�.;;�������1��
�G��2�3�G��2�5
��

�"�)��>�#���"�)����
/��5#�E5

>"�*�1�"�)��>�#���E5/��5#�E'���E������#��������
 �*)�/���'������ ���/0�
�$�<<��%��/
������1��:.,..=��
�����1�����0
L���2�����34���5���

�#��������E�/��5�#�E5  25��?����
�
�&� 25�+��G�
�7=��!�7:���'��� ��� ��������
+	24��
�/0�
�$�.�=<$<:--...��"�7�/
������1���==..���
�����1�������3D����
�
�5���

�>�2?�$�$@ 25��0�2���*	��2&� 25�����*	��2��/������5�7=��!�7:�'���$
�'�� � �
���2�$+��+�"�$)��K������E���/0�
�$�.�=<$<:--...��"�
7��(�B�1��.�=<$==7.;;<�/
������1���==..=�������1��
D0�2��3D����
�
� 5���

��+ �������� ������"5 +�����*�

�
&��+��
��0�=.�'�����E������E������#�
������'��"((5#��� ��+'��"��/���#���'���)��E�/��>���
 � ����/0�
�$�97�7;=�.:;�-=�/
������1��<...%;�������1��
�����3�4��
��2	��
��5��5


��>�2?�$�$@��+��
��0��=%���0	2���A�4��
�	��2���
/2�����' 5 5 ��6A������'� 	�	
���$ � ���$ �)����)������E���
/0�
�$�97�===,7�;,-%��(�B�1��97�===,7�;,--�/
������1��<...;.��
���� 1 �����3�4��
��2	��
��5��5


�"���/��E��
������ �����/��5#�E5

 25�/�2�0�������<<'���0����)���
���*	��2�����'����2�
'��
*��?����/0�
�$�97��::�=,<;�%==.�/
������1��%...%<�������1��
��2�0�D���D�34���5���C�D�����
��36�
�5
��

�>�2?�$�$@ 25�/�2�0��������<<'���0����)���
���*	��2�����'��2�
'�$
*��?���$>�������+�#��
���/0�
�$�97��::�=,<;�%==.��(�B�1��97��::�
=,<;�.<=7'�/
������1��%...%<�������1����2�0�D���D�34���5����
D�����
��36�
�5
��

�5�5������� �����/��5�
#�E5

 ��*����+�E�����"�'�,�0�(#""�'�,7$�'��)">���+)���
�"�E'����*"#*����/0�
�$�=<%,%%;<'==<%=,.7�/
������1��
%...=.�������1���
���3D��5
��5


��>�2?�$�$@ 25�+�	���� 	?0�2G����*	�	�D�'��
�2�	2������
�
����'/5"5�$��2�
�2��	2'�$*��?���$>�������+�#���E���/0�
�$�
7;:-;%;;,,��(�B�1��.::$=<:<=%<;�/
������1��%..�.:�������1��
4?� �
30�����5���

)5+������E�������  25�+5�E5�)�82�& 25�/5�*5� �2���.��'�)"$�)�$ ��)�������'����
*"#*����/0�
�$�.::�==;=�=<-:�&��-:%�/
������1��%...%���
�����1���4	2	36�
�5
��

��>�2?�$�$@�������$$��/0�
�$���(�B�1���/
������1���������1��

("����� ���)�##��)KE��
#�E5

 �����#��)�/���#�K& �5� �*������������/#"���"5�$
�7&='��!��$<&='���E�'�����)��� '��)KE�����E�/0�
�$�
7;<77�:%.<�/
������1��,..�.%-�������1��
�?�2
6���
3H�2D����2�0���5���

��>�2?�$�$@ ��+5����������& �������� �#/�����/#"���"1�$�7&=�
!��$<&='�5E�5����)��� �'�$)KE�����E$��#��+������E���/0�
�$�
.7;--,,.%-=��(�B�1��.<.�=%�,=�7:�/
������1��,-..%-�������1��
4�02
6���
3H�2D����2�0���5���

/������"�� ����
/�"E�����/��5�#�E5

 25���0��/����& 25��
	G���2���/������5=:.-'�/0������'�+�E��
�00��2������*�����/0�
�$�7777<-<--:�/
������1��:;=%=7��
�����1�������3�2����
����5���

��>�2?�$�$@ 25�)���0�/�2��2& 25�)���0�/�2��2��/������5=:.-'�/0����
��'�+�E���00��2��'�$*����$+���������E���/0�
�$�7:=%:,7==%��(�B�1��
.=%-<$=::<<.�/
������1��:;=%=7�������1��
0���05��2��23��0�2�H�
��5���

������ �����/�/��
(�����+�����������

������ ����������
(�����+�����������

������"���"B������

#���#�+��+��������

/��������+��+�&�
E�((5/��������

+��+������������

��

�.

7

;

%

327 / 460



��	��2����0
���4����
���
/6�5�#��5

 25��0A���>�2��
& 25����	2��0���D	�:-'�E� ����)� ���
��E������#��" /#�B'��"((5$ �)�*�#���������"�E'�
��E)�������� � ����/0�
�$�97��77,;7�=,�,��/
������1��
<...7: ���� 1 �����5
3D�	��25���

��>�2?�$�$@ 25��0A���>�2��
& 25����	2��0���D	��/�������:<�P�+�E��
P�/0�����'�$��/�$+���������E���/0�
�$�97�����<�-��%�����(�B�1��
.==�=-;%�:-�:�/
������1��:7-��7,�������1���D�G�G3D�	��25���

)5+���������� �����
��"��)���E����/5�#�E

:='��E������#��������K��>���)�/���������+�#"���
/0�
�$�.;.$=::%.:..'�/
������1��,-..==�������1��

H�304	2	��	�05���

��>�2?�$�$@�0?0��)�82�&��0A�����)�82���:='��
�	��2���
�	D	2D'K��0L�
�0�	2�$���+�#"��$*������*����E���/0�
�$�.;.$
=::%.:..��(�B�1��.;.$=::%7;7.�/
������1��,-..==�������1��
�0?0�0�82�304	2	��	�05���

+��+���"��E"����E���
/��5�#�E5

�7<&�7,'�+�����
?�����'�"HH�/�
�	2�
4���?� �24'���� �0��
 	�D�'�/0�
�$�.��$<�-.%<-:'�/
������1��<...�-'�������1��
4����034�
�2��$4�	4��5���'

�>�2?�$�$@+�	4����	2��
��
���/6�5�#��5'��/������$<'�,'�-'��L�0�2���$
���2��6���
�	��2���������'�$*����D�������	?��/�
6��$ �)����)����
�
���/0�
�$�.==$=%<=�.7,'��(�B�1��.==$=%<=�7.�'�/
������1��
<�.=.7'�������1��
H�34�
�2��$4�	4��5���

�������0��
��2	��
���
/26����#����

=-&='�+��A��'�+��D����
�	��2���/�2?����2���0	�����L�A�
�2���
4'����6�����������/0�
�$�77=.,%-..=�/
������1��
:7-�.,�������1�������3
������05��5


�>�2?�$�$@�"�0�2��=-&='�+��A��'�+��D����
�5�/�2?����2���0	�����L�A�
�2���
4'�$���$+���������E���/0�
�$�77=.,%-..=��(�B�1���/
������
1��:7-�.,�������1�������3
������05��5
'�D?�����3
������05��5


�������(���E�������
��" ��K��/���#�E'

"HH���
�5�,:'��02��� �
��0��������'�/������5�,�!�-'����$:'��
+0�
����������'����6� 	�D�'�/0�
�$�7;7==:.-=:'�/
������
1��<..�%.�'�������1����D��36�
�5���

��>�2?�$�$@���
�H����
��2'�"�0�2���A$/�����	
���
'���2�*����?�2�
�����4��?�	��'��	�D2�'�0�
��$ 	�D�$ �)����)������E���/0�
�$�
.==$=,<7�<.7'7;7==:.-=:��(�B�1���/
������1��<..-�=�������1��
��D��36�
�5���

E�������
������ ������"��!�
�#����"�����#�E5

:=.'������E�����#�������'�"((5E�5�5��������"�E'��
��)��E�+#�B"'�>"�#�'�� � ����/0�
�$�
=<7:<�=,'=<7:;<.:�/
������1��<...=,�������1��
�26���036�
�5���

��>�2?�$�$@ 25��5E5������
���$�<'� �E�'�����/"��'��"��������5'�$
�)���$ �)����)�����
���/0�
�$���(�B�1���/
������1���������1��
�26���036�
�5���

�������0��
��2	��
���
/26����#����

=-&='�+��A��'�+��D����
�	��2���/�2?����2���0	�����L�A�
�2���
4'����6�����������/0�
�$�77=.,%-..=�/
������1��
:7-�.,�������1�������3
������05��5


�>�2?�$�$@�"�0�2��=-&='�+��A��'�+��D����
�5�/�2?����2���0	�����L�A�
�2���
4'�$���$+���������E���/0�
�$�77=.,%-..=��(�B�1���/
������
1��:7-�.,�������1�������3
������05��5
'�D?�����3
������05��5


�0�2�����
��2	��
���
���
/6�5�#��5

 25���40�6�
�2�� 5�*	�?�2
��7<&�7,'�+�����
?�������
��0
����A�40���
���' �0��� 	�D��/0�
�$�.7:==--<%.7�
/
������1��<...�-�������1��2��?34��

��5���

��>�2?�$�$@ 25���40�6�
�2�� 5�*	�?�2
���	26�A���5�=,.�&�'�/���$
 �
4��
'���5$�*	���'�E��5$��
�0	�	24'�$$ �)����)�����
���/0�
�$�
.7:==--<%.7��(�B�1��.==$=<<,,.=-�/
������1��<�-,�7�������1��
2��?34��

��5���

������
���
��2	��
������
/6��#��

 �5��5/5���)�& �5�)� �������)���$�;;���"�E��"5,�'�
 5�5������E��/���/0�
�$�.7:,=<=..-7�/
������1��:�:..:��
�����1��
H�3������
�5���

��>�2?�$�$@ 25��5E�E�6�����$�;;���"�E��"5,�' 5�5��$�E��/��$
������)�����E���/0�
�$�7:,=,.�,:.��(�B�1��.=7<$:.,%%,.�/
������
1��:�:..:�������1����6��3������
�5���

��	��2����0
���4����
���
/6�5�#��5

 25��0A���>�2��
& 25����	2��0���D	�:-'�E� ����)� ���
��E������#��" /#�B'��"((5$ �)�*�#���������"�E'�
��E)�������� � ����/0�
�$�97��77,;7�=,�,��/
������1��
<...7: ���� 1 �����5
3D�	��25���

��>�2?�$�$@ 25��0A���>�2��
& 25����	2��0���D	��/�������:<�P�+�E��
P�/0�����'�$��/�$+���������E���/0�
�$�97�����<�-��%�����(�B�1��
.==�=-;%�:-�:�/
������1��:7-��7,�������1���D�G�G3D�	��25���

+"�������� �����
��E��������/��5#�E5'

E=&,'� ��	����
�	��2���������'� ��	��'����+��'�/0�
�$�
.7:=-.,<,,�'�/
������1��<.:,.%'�������1��
�	�	?034��
��2	��
��5���'

��>�2?�$�$@ 25��5+5�E����E=&,'� ��	����
�	��2���������'�$ ��	��$
+"����E���/0�
�$�.7:=-.,<,,���(�B�1��.;:=$==-=::��/
������1��
<.:�,.%�������1���	�	?034��
��2	��
��5���

/K�"��#�������
������ �����+"��
/��5#�E5

 5�E5����)�&�5� 5����)��+5�'�)�##���">���/��� ����'��
�"##�+���"�E'�� �/����/0�
�$�7:=-��<-.��/
������1��
<.:,.%�������1���2A�
?�5��2?��
43�A2�$�����2�5


��>�2?�$�$@����*�#*����&����"E���+��/#"���"5�%�'���)"#� �
��E������#��������$���)"#� $+"����E���/0�
�$�7:=-��<<.7��(�B�
1��7��;:=�=:-::;��/
������1��<.:,=7�������1���A2�L�2?�3�A2�$
�����2�5


+��+���"��E"����E���
/��5�#�E5

�7<&�7,'�+�����
?�����'�"HH�/�
�	2�
4���?� �24'���� �0��
 	�D�'�/0�
�$�.��$<�-.%<-:'�/
������1��<...�-'�������1��
4����034�
�2��$4�	4��5���'

�>�2?�$�$@+�	4����	2��
��
���/6�5�#��5'��/������$<'�,'�-'��L�0�2���$
���2��6���
�	��2���������'�$*����D�������	?��/�
6��$ �)����)����
�
���/0�
�$�.==$=%<=�.7,'��(�B�1��.==$=%<=�7.�'�/
������1��
<�.=.7'�������1��
H�34�
�2��$4�	4��5���

�"�)��>�#���E��������
/��5�#�E5'

�
�	��2���������'� �?0	�	2�'�����G��2'�/0�
�$�7:,=..7...'�
/
������1��:.,..='�������1��
H�3���5���'

�>�2?�$�$@��*0��2����51�=�;$=:.!�=:,'��
�	��2���������' �?0	�	2�'�$
�G��2$������)����
���/0�
�$�7;;%;-,;,-'��(�B�1��.�<,$=-7,�%<'�
/
������1��:.,..='�������1��2�G��654	���3���5���

�������(���E�������
��" ��K��/���#�E'

"HH���
�5�,:'��02��� �
��0��������'�/������5�,�!�-'����$:'��
+0�
����������'����6� 	�D�'�/0�
�$�7;7==:.-=:'�/
������
1��<..�%.�'�������1����D��36�
�5���

��>�2?�$�$@���
�H����
��2'�"�0�2���A$/�����	
���
'���2�*����?�2�
�����4��?�	��'��	�D2�'�0�
��$ 	�D�$ �)����)������E���/0�
�$�
.==$=,<7�<.7'7;7==:.-=:��(�B�1���/
������1��<..-�=�������1��
��D��36�
�5���

)5+���������� �����
��"��)���E����/5�#�E

:='��E������#��������K��>���)�/���������+�#"���
/0�
�$�.;.$=::%.:..'�/
������1��,-..==�������1��

H�304	2	��	�05���

��>�2?�$�$@�0?0��)�82�&��0A�����)�82���:='��
�	��2���
�	D	2D'K��0L�
�0�	2�$���+�#"��$*������*����E���/0�
�$�.;.$
=::%.:..��(�B�1��.;.$=::%7;7.�/
������1��,-..==�������1��
�0?0�0�82�304	2	��	�05���

+��+���"��E"����E���
/��5�#�E5

�7<&�7,'�+�����
?�����'�"HH�/�
�	2�
4���?� �24'���� �0��
 	�D�'�/0�
�$�.��$<�-.%<-:'�/
������1��<...�-'�������1��
4����034�
�2��$4�	4��5���'

�>�2?�$�$@+�	4����	2��
��
���/6�5�#��5'��/������$<'�,'�-'��L�0�2���$
���2��6���
�	��2���������'�$*����D�������	?��/�
6��$ �)����)����
�
���/0�
�$�.==$=%<=�.7,'��(�B�1��.==$=%<=�7.�'�/
������1��
<�.=.7'�������1��
H�34�
�2��$4�	4��5���

)5+������E�������  25�+5�E5�)�82�& 25�/5�*5� �2���.��'�)"$�)�$ ��)�������'����
*"#*����/0�
�$�.::�==;=�=<-:�&��-:%�/
������1��%...%���
�����1���4	2	36�
�5
��

��>�2?�$�$@�������$$��/0�
�$���(�B�1���/
������1���������1��

+"���)�� "�������
������ �����/��5#�E5

�(#���$��'�+('�)�##���">���/��5'���"##�+���"�E'��
 �/����/0�
�$��/
������1��<.:,=,�������1��4��L�2?�3�A2�$
�����2�5


�>�2?�$�$@ 2�����
6���?�����)"#� '�$���)"#� $+"����E���/0�
�$
7,7,;,,�,=��(�B�1���/
������1��<.:�,=7�������1��
���
65
�?3�0�2�������5


�5�5������� �����/��5�
#�E5

 ��*����+�E�����"�'�,�0�(#""�'�,7$�'��)">���+)���
�"�E'����*"#*����/0�
�$�=<%,%%;<'==<%=,.7�/
������1��
%...=.�������1���
���3D��5
��5


��>�2?�$�$@ 25�+�	���� 	?0�2G����*	�	�D�'��
�2�	2������
�
����'/5"5�$��2�
�2��	2'�$*��?���$>�������+�#���E���/0�
�$�
7;:-;%;;,,��(�B�1��.::$=<:<=%<;�/
������1��%..�.:�������1��
4?� �
30�����5���

("����� ���)�##��)KE��
#�E5

 �����#��)�/���#�K& �5� �*������������/#"���"5�$
�7&='��!��$<&='���E�'�����)��� '��)KE�����E�/0�
�$�
7;<77�:%.<�/
������1��,..�.%-�������1��
�?�2
6���
3H�2D����2�0���5���

��>�2?�$�$@ ��+5����������& �������� �#/�����/#"���"1�$�7&=�
!��$<&='�5E�5����)��� �'�$)KE�����E$��#��+������E���/0�
�$�
.7;--,,.%-=��(�B�1��.<.�=%�,=�7:�/
������1��,-..%-�������1��
4�02
6���
3H�2D����2�0���5���

+"�������� �����
��E��������/��5#�E5'

E=&,'� ��	����
�	��2���������'� ��	��'����+��'�/0�
�$�
.7:=-.,<,,�'�/
������1��<.:,.%'�������1��
�	�	?034��
��2	��
��5���'

��>�2?�$�$@ 25��5+5�E����E=&,'� ��	����
�	��2���������'�$ ��	��$
+"����E���/0�
�$�.7:=-.,<,,���(�B�1��.;:=$==-=::��/
������1��
<.:�,.%�������1���	�	?034��
��2	��
��5���

/������"�� ����
/�"E�����/��5�#�E5

 25���0��/����& 25��
	G���2���/������5=:.-'�/0������'�+�E��
�00��2������*�����/0�
�$�7777<-<--:�/
������1��:;=%=7��
�����1�������3�2����
����5���

��>�2?�$�$@ 25�)���0�/�2��2& 25�)���0�/�2��2��/������5=:.-'�/0����
��'�+�E���00��2��'�$*����$+���������E���/0�
�$�7:=%:,7==%��(�B�1��
.=%-<$=::<<.�/
������1��:;=%=7�������1��
0���05��2��23��0�2�H�
��5���

�� /5��#� ��������

�� /��������
+��+������������

�:

�=

328 / 460



��	��2����0
���4����
���
/6�5�#��5

 25��0A���>�2��
& 25����	2��0���D	�:-'�E� ����)� ���
��E������#��" /#�B'��"((5$ �)�*�#���������"�E'�
��E)�������� � ����/0�
�$�97��77,;7�=,�,��/
������1��
<...7: ���� 1 �����5
3D�	��25���

��>�2?�$�$@ 25��0A���>�2��
& 25����	2��0���D	��/�������:<�P�+�E��
P�/0�����'�$��/�$+���������E���/0�
�$�97�����<�-��%�����(�B�1��
.==�=-;%�:-�:�/
������1��:7-��7,�������1���D�G�G3D�	��25���

K"*"+�>����E���
#� ���E'

/#"���"57-'��#����"��������K��" /#�B'�)"�����"�E'����
���+�#"��'�/0�
�$�.;.$<�,;-...'�/
������1����������1��
	��A5�0�
?�23
5A�?�4�L�5���'

��>�2?�$�$@��/#"���"57-'��#����"��������K��" /#�B'�)"����
�"�E'�$���+�#"��$*������*����E���/0�
�$�.;.$<�,;-...'��(�B�1��
.;.$=;,=�<<='�/
������1���������1��	��A5�0�
?�23
5A�?�4�L�5���

������E����#� ���E  �5�������+"��#��<'� ��)�����"�E'����(���E���E�/0�
�$�
.77%�.;,-%;�/
������1���=�..:�������1��
6�
5�L��3
5�DD5���

�5����" ���!�
����� ������/��#�E5

 25��5�*5������& 25�/�������*� ���($-�'�"*)#��
��E#5����'�/)$�������>�E�#)��/0�
�$�7;�...,;=-�/
������
1����.�.=.�������1�������36�	�����5���

��>�2?�$�$@ 25��)�+>������+)&� 25����E������+)��($-�'�"*)#��
��E#5����'/)���$��$��>�E�#)�$E�#)����E���/0�
�$�.��$<%-=%=..�
���
5�:��(�B�1��.��$�=-;�7<<.�/
������1����.�.=.�������1��
�2��	���
36�	�����5���

/	
�����0�2���/6�5�#��5 �5/5*0���
&�	�0�?�2����4�2��$�;'� �E����0���2'��/	
��
/0�
�$�7;,.,-..<=�/
������1��<���.=-�������1��
0�3�	
����0�2��5���

�"�)��>�#���E��������
/��5�#�E5'

�
�	��2���������'� �?0	�	2�'�����G��2'�/0�
�$�7:,=..7...'�
/
������1��:.,..='�������1��
H�3���5���'

�>�2?�$�$@��*0��2����51�=�;$=:.!�=:,'��
�	��2���������' �?0	�	2�'�$
�G��2$������)����
���/0�
�$�7;;%;-,;,-'��(�B�1��.�<,$=-7,�%<'�
/
������1��:.,..='�������1��2�G��654	���3���5���

�
�2����9�)�	��2���
����
/6�5�#��5'

 25�/2�?��0���40����=�,$=�-'�E#(���L�2�F�F'���������E��2���
��
�2�'����L�E��0'�/0�
�$�7%�%,7:..�'�/
������1����..=,'��
�����1���2�?��056�40���3
5�
�2���5���'

�>�2?�$�$@�� $�%������%:'� �E�'�>��	G'�$�	2�
4�D��$ �)����)����
�
���/0�
�$�7;;�...<%<'��(�B�1��.=<.$=,,,�%7'�/
������1��<:��:-'��
�����1����2�
�2�5*	�?�2
3L��8�25�
�2���5���

��� �/��5�#�E5  �5�5*5���E��*��& �5����)>����)�*����E�*�:7'�
�#����"�����"5"/5��������'�/������������"�E��/���'�
/0�
�$�7�=.<�.:.�..�/
������1��<��..7�������1��

�L���03�D��5��5


�>�2?�$�$@ �5� ")���/�E>�#��-7�&�&='���>�>�E����E#��������$
/���$ �)����)������E���/0�
�$�7�;-...<=:%<��(�B�1��
7�=.=<=�,-%.�/
������1��<��.:%�������1��L�3�D��5��5


/��� ���+������  25���
���0��0	?���=.:'����
40��	�
���'/�2�L���'����0�2�
2���'�
�0�2������'�� 	�D�'�/0�
�$�7;7=�%7,=7'�/
������1��
<...77'�������1����
���03��
���
4
��2�5���'

��>�2?�$�$@ 25���
���0��0	?���"�0�2���$-=;'�����
�	��2����2��'�
 �E�����D���'�$��6� 	�D�$ �)����)�����
���/0�
�$�
7;=�:,.%-�'��(�B�1��.==$=%-7,,,7'�/
������1��<..%.�'�������1��
�����3��
���
4
��2�5���

� ���������� �����#�E'�
���J�#

�4�
��1�E4���������2�
��#��5�%<&���F�F��2���������� �E��
�
�0�2��������� � ����/0�
�$�=;=.;<%%�/
������1��<...7:��
�����1����2�3���DDA52�4��5���56�
�5
��5


��� ����#� ���E E25��2�
��2	�?&��
����� ��0	2��:.'�/�
�	2�
4��	�0?�2�
 �24��>�2��� 	�D��/0�
�$�.�=<�:;:�%:%%�/
������1��
<...�;�������1���
?�56�2�0
�A3����
�5���

�>�2?�$�$@�
?����2�0
�A��*��L��>�2?�'��0�
�$�����	2�����'��0�
�'�
$ � ���$ �)����)������E���/0�
�$���(�B�1���/
������1��<..%.;��
�����1��

 ��2���
�	��2���
�
��2
���
����
�5

#��
�2�5>5� ��2�&� ���� �2�
��--,.���0��
D�2
���5����
��2�0�)����/0�
�$�9��;�;�;:.�,,<;�/
������1��7�:<:�������
1�����2�
3�
��5���

��>�2?�$�$@ ���� �2�
&+
���2	8���--,.���0��
D�2
���5'���2�0�)����$
��#�("����$�����/0�
�$�9��;�;�;7<�%���'������(�B�1��9��;�;�;:.�
,,;;�/
������1��7�:<:�������1��4�2	83�
��5���

� ���"��/�"�����
 ���+� �������E����
/��5#�E5

 25�����/��0�
?�2&�?2�����G��
40�=.-$=�.'��#��� ��
���#E��+��=�E�(#�5����E��������� � ����/0�
�$�
7-�7�=�,..�/
������1��<...,��������1��
6?2��2�G5�
403���2��
5���

��>�2?�$�$@*�����0��0�
��
&)2�0?��0��40�2��/������5����<,&<�����
��E�����' �E�'�/�>���'�$����� � ���$ �)����)������E���
/0�
�$�7-�7-;;..���(�B�1��.==$--%:-...�/
������1��<..�%.,�������1��
*�����05�0�
��
3���2��
5���

)�
�AL�����	������
�
�
���#����

 25���LG�*	�?�2
�7�%'����������"��#����E���">��'��
��)���/#���'����>�E�#)��/0�
�$�7;7.=..,;<�/
������1��
��..�7�������1��2�G��05�0�	�0�2A30�
�AL���5���

��>�2?�$�$@ 25*���2����	��,:'�,<'�,-�!�,%')������2��
�	��2����������$
/���$ �)����)������E���/0�
�$�7--,.:<-=,��(�B�1��.=.�
--.:77.,�/
������1��<��.�:�������1��?���25���	30�
�AL���5���

���"��"���"#��/��5�#�E5  25�/2�6��
����0
L����.<$��,'������2�
���������'�����
��2��
/0�
�$�.%:�$<.;�:.,�/
������1��<,=.�.�������1��
�����3
6���
�2���5���

��>�2?�$�$@ 25�/2�6��
����0
L�����.<$��,'������2�
���������'�$
�
��2�$ �E)K��/��E��)��
���/0�
�$�.%:�$<.;�:.,��(�B�1��.%:�$
=,,.%,�/
������1��<,=.�.�������1�������3
6���
�2���5���

�����2�
����I	���
���/6��
#��5

 25���G�
�2����4��
?�2& E'�/������5�;<'�;,�!�;-'���
A�
�
�	��2����������*�
�0L���	�2	?'��/	
��/0�
�$�7;==.�,=,-�
/
������1��<��.<;�������1��0�3����
��5���

��>�2?�$�$@�"�0�2��/������5�;<'�;,�!�;-'��
A��
�	��2���������'�
*�
�0L���	�2	?�$/	
�$ �)����)������E���/0�
�$�=.$=-7:=.:7��
(�B�1��=.$=-7:<�==�/
������1��<��.<;�������1��0�3����
��5���

������(�	�A
��/6�5�#��5 �
�A�?�+��2��/�������<'�5��5�%&�$���*��02	���
�	��2���
��������/	
��/0�
�$�.=.�=,<-<,,��/
������1��<��.:;�������
1��
H�3�����H�	�A
�5���

��>�2?�$�$@��/�������<'�5��5�%&�$��*��02	���
�	��2����������$/	
�$
 �)����)����
���/0�
�$�.=.�=,<-<,,���(�B�1���/
������1��<��.:;�
�����1��
H�3�����H�	�A
�5���

(#�B� �(���D���
�
�	��2��������0
?�
+�D)

���D�24�2���25'�<'����2�
����2�
�/0�
�$�..<7�:.�7:�--�%-�-.�
/
������1���=-;��������1��
H�3H����5��

��>�2?�$�$@�"�0�2�����D�24�2���25�<'�$��2�
$�+�� ��K�/0�
�$�..<7�
:.�7:�--�%-�-.��(�B�1���/
������1���=-;��������1��
H�3H����5��

���?L
�(��L����2��
���
/6�5�#��5

�$=<'����$��'���0D�D����
�	��2����2������+0�8�D��'�/0�
�$�
7;�.�=7-;%�/
������1��=.�.�.'�������1��
��A�32��?L
5���

��>�2?�$�$@ ����G6�/��*��)���$=<'����$��'���0D�D����
�	��2���
�2��'�$+0�8�D��$������/��E��)��
���/0�
�$�7;�.�=7-;%��(�B�1��
.�=.=;7,<,.�/
������1��=.�.�.'�������1��2�G632��?L
5���

(#��)�("�+��/���#�E  25�+�	���� �??�2'�,.:'�F�F$L
4'�E���0'��"2�0�2���6�
	��
����'�/�L��� 	�D��/0�
�$�.==$<=%;<:..�/
������1��
<...%-�������1��0���
�2�����3H$H5��5


>�2?�$�$@�"�0�2�� &���
�2����!�)�	��2'��	2�
4�D��'� �0�2���2��$
�	2�
4�D��$ �)����)������E���/0�
�$���(�B�1���/
������1���������
1��>�2?�$=$@9�"�0�2�� &���
�2����!�)�	��2'��0L�
�'�0�
��$�0�
�$
 �)����)������E���/0�
�$���(�B�1���/
������1���������1��

������+ �)  25� �2�	��(��0�2����������='�E�$�%,.:�����
4�
�����/0�
�$�
..<7�%�==::%%.�/
������1����������1��
��2��
5��0	���23
6	�5���

��>�2?�$�$@ 25� �2�	��(��0�2���"����������='����
4�
'�$����
�
>	�2����D�24'$(�2�4
���	
�2A�+�� ��K�/0�
�$�..<7$%=-=7�7�.��
(�B�1���/
������1��%,.:��������1����2��
5��0	���23
6	�5���

�;�?��
����*?���;�?�#����?@>;<�+=#��=#��?@���=�?���<?�?<?@�?�;@+���
;�?�?<������?@>;<��=#��=#�#���?����;�{
	��?@>��#?<��[[<;��+�
�=�*;����@���;\\?<�=�+��>?+=�?<��=\[+=���=;@�

����?�������?@>;<�=��[<;[;#?>�����?@>;<�>�<=@���;@�<����#���?�#*�++�#���?����;�{
	���?@>��#?<��[[<;��+��=�*;����@��
�;\\?<�=�+��>?+=�?<��=\[+=���=;@�

����� �����������

�#����"����(#">�
 ����������������

�,

�<

329 / 460



ATTACHMENT - 3K
PAGE 676 OF 703

Signature of authorized signatory..................

Award/Contract Agreement/
Order enclosed

-----------------------------------------------------------------------------------------------------------------------------
Sl.No.  Item Description Plant No.1
-----------------------------------------------------------------------------------------------------------------------------

5.00.00 INSTRUMENTS (PRIMARY & SECONDARY)

(i) Type of Instrument

(ii) Make / Model

(iii) Name of Power Station 
(Location & Address)

(iv) Unit Size (MW)

(v) Commissioning date

Whether above instruments have 
atleast one (1) year satisfactory
operation 
in one (1) power station having
unit rating of 200 MW or above. Yes/No

(vi) Client's certificate attached Yes/No

5.01.00 SWAS EQUIPMENT

(i) Make / Model

(ii) Name of Power Station
(Location & Address)

(iii) Unit Size (MW)

(iv) Commissioning date

(v) Whether above SWAS equipment Yes/No
have atleast one (1) year satis-
factory operation in 
one (1) power station having unit 
rating of 200 MW or above

(vi) Client's certificate Attached Yes/No

FORMAT FOR PROVENNESS CERTIFICATE
ANNEXURE 1  
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CUSTOMER NOS: R4R3, R4S3 & R4S4

            NAME (BHEL)                  DATE  

BHARAT HEAVY ELECTRICALS LIMITED,

UNIT: BOILER AUXILIARIES PLANT,

SCALE : NTS

RANIPET:632 406.

DEPT

M

CODE

APPD

CHD

P.NAVEEN

BHEL DRG NO

DRN

R.YUVARAJ

TITLE:

CUSTOMER:PATRATU VIDYUT UTPADAN NIGAM LIMITED

FGD SYSTEM PACKAGE

PROJECT: PATRATU STPS EXP PHASE-I (3X800 MW)

NTPC DRG NO. 9585-001-109-PVM-F-026

B240 - 00445

FILE NO

3-FW-000-00568

SH 02 of 02

REV NO

02

MITSUBISHI HITACHI POWER SYSTEMS, LTD.
AIR QUALITY CONTROL SYSTEMS TECHNOLOGY DIVISION

02.12.19

P & ID - SECONDARY HYDROCYCLONE 

1

2

3

R.PRASANTH 

02.12.19

02.12.19

S NO SECTION
FLOW TEMP DENSITY

Secondary hydrocyclone feed flow1

2

3

 Secondary hydrocyclone underflow

m/hr kg/m3 30
( C) 

 528.0

198.1

329.9

62.1 1114

 Secondary hydrocyclone overflow

1262

1025

62.1

62.1
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Drawings/Drawings to be submitted by the bidder 
 

Sl.No. Document required after award of contract  

No. of hard copies 

after award of 

contract 

Submission 

time* 

1. Drawing Schedule 6 2 

2. Plot Plan & Layout  6 2 

3. Process Flow Diagram (**) 6 2 

4. Equipment List 6 2 

5. Utility Consumption 6 2 

6. Chemical List 6 2 

7. Duly filled technical datasheet (**) 6 2 

8. P & I Diagram (**) 6 2 

9.  Performance Test Procedure & Report 6 8 

10.  Outline Drawing of Equipments (**) 6 6 

11. Fabrication Drawing of Equipments 6 8 

12. Warranted Performance curve of Machinery 6 6 

13. Platform Drawing 6 6 

14. Line Index 6 6 

15. Piping Material Specification 6 6 

16. Piping Arrangement Drawing (**) 6 6 

17. Piping Support Arrangement Drawing 6 6 

18. Isometric Drawings 6 4 

19. Data sheet of Piping Parts 6 6 

20. Valve Drawing 6 8 

370 / 460



  

 

 

3x800 MW PATRATU  TPS 
 

GYPSUM DEWATERING SYSTEM 

TECHNICAL SPECIFICATION 
 

MASTER DRAWING LIST WITH SCHEDULE 

OF SUBMISSION 

SPECIFICATION No: PE-TS-434-571-A001 

SECTION : I 

SUB-SECTION : D 

REV 00  

SHEET  3 OF 6 

 

1
.1

 
P

21. Instrument Schedule List 6 8 

22. Instrument Function Loop Diagram 6 8 

23. Interlock and Operation Description 6 8 

24. Interlock/ Sequence Logic Diagram 6 8 

25. Instrument Power Supply Diagram 6 8 

26. Instrument Set Point List 6 8 

27. Instrument Data Sheet 6 8 

28. Valve Data Sheet, including On-Off Valve 6 8 

29. Nozzle Elevation Plan for Level Instrument 6 8 

30. Specification and Drawing of Instrument 6 8 

31. Instruction Manual for Instrument 6 12 

32. Local Control Panel Specification 6 8 

33. Local Control Panel Drawing 6 8 

34. Cable Duct/Tray Routing Plan 6 8 

35. Fabrication Drawing for Cabinet Duct/Tray 6 8 

36. Plot Plan of Field Instrument 6 8 

37. Layout of Instrument Wiring 6 8 

38. 
Layout of Instrument Air Supply Piping and Signal 

tubing 
6 8 

39.  Hook-up Drawing for Instrument 6 8 

40. Instrument Connection List 6 8 

41. Instrument Cable Schedule 6 8 

42. Parts Drawing for Instrument Installation Materials 6 8 

43. Calculation Sheet for Flow Instrument 6 8 
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44. Motor List (**) 6 8 

45. Motor Data Sheet (**) 6 8 

46. Outline drawing of Motors (**) 6 8 

47. Electrical Loading Data 6 8 

48. Drawing of Foundation of Equipment(s) 6 6 

49. Painting Specification 6 10 

50. Sub-Vendor List (**) 6 4 

51. 
Detail drawings indicating the dimensions of the 

equipments.   
6 6 

52. Detail drawings indicating the piping layouts 6 6 

53. Detail drawing of Gypsum dewatering building (**) 6 6 

54. Erection drawings 6 8 

55. Operation & Maintenance (O&M) Manual  6 12 

56. Civil Loading details (**) 6 4 

 

General Document(s) to be submitted by Bidder 
 

Sl.No. Document required after award of contract  
No. of hard copies after 

award of contract 

Submission 

time* 

1. Manufacturing Schedule 6 4 

2. Quality plan & Safety Requirement (**) 6 4 

3. Supply Item List for Package Verification at Site 6 12 

4. Packing List 6 12 

5. Transportation and Storage Specification 6 10 

6. Shop Inspection Specification 6 10 

7. Shop Inspection Report 6 12 
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8. Site Inspection Specification 6 12 

9.  Site Inspection Report 6 14 

10.  Progress Report 6 4 

11. Consumable Parts List 6 6 

12. Lubricant List 6 6 

13. Special Tool List 6 6 

14. Spare Parts List for Erection 6 6 

15. Spare Parts List for Commissioning 6 8 

16. Spare Parts List for 2 years of Operation 6 8 

17. Construction Work Specification 6 10 

18. Construction Manual List 6 10 

 

 *Within No. of Weeks after the placement of LOI/PO 
 ** The drawings marked (**) in the list may be considered as Primary. 

Notes:   

1. The above drawing list is tentative and shall be finalized with the successful bidder after 

placement of order. While some of the drawings indicated above may not be applicable, some 
additional drawings may also be required based on scope of work.  

2. Drawings shall be prepared in Auto-Cad latest edition. Required no. of hard and soft copies 
(editable) of the drawings shall be furnished as per requirement specified elsewhere in the 

specification. 
3. Only manual calculation with authentic supporting literature (e.g. extracts of hand Book/ 

standard/codes) shall be acceptable. All design calculations and drawings shall be in SI 

system only.  
4. All the drawings and documents including general arrangement drawing, data sheet, 

calculation etc. to be furnished to the customer during detailed engineering stage shall 
include / indicate the following details for clarity w.r.t. Inspection, construction, erection and 

maintenance etc.: 

a) All drawings and documents shall indicate the list of all reference drawings including 
General Arrangement. 

b) All drawings shall include / show plan, elevation, side view, cross-section, skin section, 
blow-up view; all major self-manufactured and bought out items shall be labeled and 

included in BOQ / BOM in tabular form. 

c) Painting schedule shall also be made as a part of general arrangement drawing of each 

equipment / items indicating at least 3 trade names. 
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d) All the drawings required to be furnished to customer during detailed engineering 

stage shall include technical parameters, details of paints and lubrication, hardness and 
BOQ / BOM in tabular form indicating all major components including bought out items 

and their quantity, material of construction indicating its applicable code / standard, 

weight, make etc. 

e) Drawings/ documents to be submitted for purchaser’s review/ approval shall be under 

Revision A, B, C… etc. while drawings /documents to be submitted thereafter for 
customer’s approval after purchaser’s approval shall be under R-0, 1, 2, 3 …. etc.  

f) Drawings and documents not covered above but required to check safety of machines/ 
system, shall be submitted during detailed engineering stage without any commercial 

implication. 

g) All drawings shall include "B.O.M" and indicate quantity, material of construction, make 
along with IS/BS No., Technical parameters, dimensions, hardness, machining symbol 

and tolerance, requirement of radiography and hydraulic tests, painting details, 
elevation, side view, plan, skin section and blow-up view for clarity. 

h) All drawings shall be prepared as per BHEL's title block and shall bear BHEL's drawing 

No. Documents marked for submission to BHEL’s Customer shall also bear BHEL's 
Customer’s drawing No. 

i) Schedule of drawings submissions, comment incorporations & approval shall be as 
stipulated in the specifications. The successful bidder shall depute his design personnel 

to BHEL’s/ Customer’s/ Consultant’s office for across the table resolution of issues and 

to get documents approved in the stipulated time. 

j) Bidder to follow the following the drawing submission schedule: 

k) 1st submission of drawings from date of LOI as per the submission schedule. 

l) Every revised submission incorporating comments – within 7 days. 

m) Bidder to submit revised drawings complete in all respects incorporating all comments. 
Any incomplete drawing submitted shall be treated as non-submission with delays 

attributable to bidder’s account. For any clarification/ discussion required to complete 

the drawings, the bidder shall depute his personal to BHEL for across the table 
discussions/ finalizations/ submissions of drawings. 
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1.0 PACKING AND FORWARDING 

1.  
Proper packing to be ensured. 

 

Indigenous Supply: Gypsum Dewatering System & sub system assembly shall be wrapped in 

polythene bags & packed in a strong rigid wooden crate. Rain water should not enter into 

the pump internals during storage in the outer yard of power plant. 

 

Imported Supply: All imported supply should be packed as per Sea worthy packing standards 

Annexure-VII of this sub-section. All imported items should have Sea worthy packing. Liberal 

packing materials and struts shall be provided to arrest rolling and to protect from transit 

damages. 

2.  Equipment and process materials shall be packed and semi-knocked down, to the extent 

possible, to facilitate handling and storage and to protect bearings and other machine 

surfaces from oxidation. Each container, box, crate or bundle shall be reinforced with steel 

strapping in such a manner that breaking of one strap will not cause complete failure of 

packaging. The packing shall be of best standard to withstand rough handling and to provide 

suitable protection from tropical weather while in transit and while awaiting erection at the 

site. 

3.  
Equipment and materials in wooden cases or crates shall be properly cushioned to 

withstand the abuse of handling, transportation and storage. Packing shall include 

preservatives suitable to tropical conditions. All machine surfaces and bearings shall be 

coated with oxidation preventive compounds. All parts subject to damage when in contact 

with water shall be coated with suitable grease and wrapped in heavy asphalt or tar 

impregnated paper. 

4.  
The entire system has to be supplied in containers and it should be suitable for storing in the 

outer yard of the plant for a minimum period of 12 months. Crates and packing material 

used for shipping will become the property of owner. 

5.  
Packaging or shipping units shall be designed within the limitations of the unloading facilities 

of the receiving ports and the ship will be used. It shall be the bidder’s responsibility to 
investigate these limitations and to provide suitable packaging and shipping to permit 

transportation to site. 

6.  
Packing (tare) shall be part of the equipment cost and shall not be subject to return. The 

packing should ensure integrity and cohesiveness of each delivery batch of equipment 

during transportation. In case of equipment assemblies and unit’s delivery in the packing of 
glass, plastics or paper the specification of packing with the material and weight 

characteristics are to be indicated. 

7.  
Each package should have the following inscriptions and signs stenciled with an indelible ink 

legibly and clearly:  

a. Destination 

b. Package Number 

c. Gross and Net Weight 

d. Dimensions 

e. Lifting places 

f. Handling marks and the following delivery marking 
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8.  
Each package or shipping units shall be clearly marked or stenciled on at least two sides with 

the DETAILED SHIPPING ADDRESS –TO BE PROVIDED LATER. 

In addition, each package or shipping unit shall have the symbol painted in red on at least 

two sides of the package, covering one fourth of the area of the side. 

9.  
Each part of the equipment which is to be shipped as a separate piece or smaller parts 

packed within the same case shall be legibly marked to show the unit of which it is part, and 

match marked to show its relative position in the unit, to facilitate assembly in the field. Unit 

marks and match marks shall be made with steel stamps and with paint. 

10.  
Each case shall contain a packing list showing the detailed contents of the package. When 

any technical documents are supplied together with the shipment of materials no single 

package shall contain more than one set of such documents. Shipping papers shall clearly 

indicate in which packages the technical documents are contained. 

11.  
The case number shall be written in the form of a fraction, the numerator of which is the 

serial number of the case and the denominator the total number of case in which a 

complete unit of equipment is packed. 

12.  
Wherever necessary besides usual inscriptions the cases shall bear special indication such as 

“Top”, “Do not turn over”, “Care” , “Keep Dry” etc. as well as indication of the center of 
gravity (with red vertical lines) and places for attaching slings (with chain marks). 

13.  
Marking for Safe handling: To ensure safe handling, packing case shall be marked to show 

the     following: 

a. Upright position 

b. Sling position and center of Gravity position 

c. Storage category 

d. Fragile components ( to be marked properly with a clear warning for safe handling) 

14.  
Each crate or package is to contain a packing list in a waterproof envelope. All items are to 

be clearly marked for easy identification against the packing List. All cases, packages etc. are 

to be clearly   marked on the outside to indicate the total weight where the weight is 

bearing and the correct position of the slings are to bear an identification mark relating 

them to the appropriate shipping documents. All stencil marks on the outside of     

cases are either to be made in waterproof material or protected by shellac or varnish to 

prevent obliteration in transit. 

15.  
The packing slip shall contain the following information: - 

Customer name, Name of the equipment, Purchase Order number with Date, Address of the 

delivery site, Name and Address of the Sender, Serial Number of pump & accessories, BHEL 

item Code, Gross Weight and Net weight of Supplied items. 

16.  
Prior to transport from manufacturer’s work to destination, components of the unit shall be 
completely cleaned to remove any foreign particles. Flange faces and other machined 

surfaces shall be protected by an easily removable rust preventive coating followed by 

suitable wrapping.  

17.  
All necessary painting, corrosion protection & preservation measures shall be taken as 

specified in painting schedule. Supplier shall consider the coastal environment zone which is 

defined as “very severe” during final finishing/shipping. 

18.  
Successful bidder shall furnish the detail packing /shipment box details with information like 

packing box size, type of packing, weight of each consignment, sequence no. of dispatch, no. 

of consignment for each deliverable item against each billing break up units/ billable blocks. 
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Without these details the BBU shall not be approved during detail engineering.  

Also, complete billing break-up with above mentioned details shall be submitted to 

Purchaser within 10 days of placement of the LOI. 

19.  
All items/equipment shall be dispatched in properly packed condition (i.e. no item shall be 

dispatched in loose condition such that it becomes difficult to store/identify its location at 

site at a later stage).  

20.  
Cases which cannot be marked as above shall have metal tags with the necessary markings 

on them. The metal tags shall be securely attached to the packages with strong steel binding 

wire. Each piece, Skid, Case or package shipped separately shall be labelled or tagged 

properly. 

 

BIDDER TO REFER SUB-SECTION C2-A FOR CUSTOMER SPECIFICATION IN 

THIS REGARD. 
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Annexure-V Piping & Valve Material Specification 

 

1. General 

This specification covers the basic requirements for the design and materials of process and 

utility piping for the Flue Gas Desulfurization Plant. 

2. Material Selection 

1) Basically, rubber lined pipes are selected to prevent the corrosion and erosion for 

process service, namely slurry line and other line possible to contact with raw gas.  

2) Class AA60 is applied according to process line conditions. 

3) For utility services, other classes are applied. 

4) In principle, piping material will conform to ASTM, but ASTM equivalent material 

specified by other authorized code may be applied. 

5) Non-asbestos type shall be used for Packing and Gasket. 

 

3. Design of Piping Component 

1) In principle, each component of all piping will be selected from ANSI ASME or 

international standard in the dimensions and other requirements. 

2)  Metric series are applied to the bolt thread. 

3) Nozzle weld tees or extruded tees are used as branch connection in lined piping, in 

general. 

4) Short radius elbow may be used for 550mm or larger size piping. 

5) Fittings for 50 and smaller galvanized piping shall be of screwed type. 

 

4. Piping Material 

1) Symbols of Piping Service Class 

 

Piping service class name is composed of the following symbols. 

 

Example:         A        A         60 

                                                                   Suffix Number 

                       Second Pipe Material Symbol 

                       First Pipe Material Symbol 

 

Note: 

First Pipe Material 

Symbol 

 

A: Lining AA: Rubber Lining 

B : Stainless Steel BA: 304 Stainless steel 

C: Carbon Steel CA: A53 Gr.B Welded 

CC: A53 Gr.B or AI06 Gr.B/C 

CG: Galvanized 
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2) Class No. and Fluid Designation 

 

CLASS NO. FLUID NAME SYMBOL  

AA60 Gypsum Slurry  

Filtrate Slurry  

Waste Water  

Duct Drain  

Beltfilter Vent Gas 

GS 

FS 

WW 

DD 

VBG 

 

BA01 Instrument Air  

Lube Oil (Low Pressure) 

AI 

LOL 

 

CC01 Process Water 

Raw Water  

Cooling Water Supply  

Cooling Water Return  

Vacuum Pump Vent  

Antifoam Agent 

WP 

WR 

WCS 

WCR 

VG 

AA 

Note 1 

Note I 

Class AA60 shall be applied for process water service line in contact with corrosive and 

abrasive media. 

 

 

3) Abbreviations 

 

Abbreviations used throughout this specification are as follows: 

 

  BB  : Bolted Bonnet 

BC  : Bolted Cover 

BE  : Bevel End 

BW  : Butt Weld 

CAL  : Calculation 

CR                        : Chloroprene Rubber 

E  : Electric Resistance Weld 

EPDM  : Ethylene Propylene Diene Methylene Rubber 

Eq  : Equal 

FE  : Flange End 

FF  : Flat Face 

G. OP  : Gear Operation 

Gal.  : Galvanized 

HEX.  : Hexagon 

IIR  : Isobutylene Isoprene Rubber 
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ISRS  : Inside Screw Rising Stem 

La   : Larger 

L.OP   : Lever Operation 

NB   : Nominal Bore 

NW   : Nozzle Weld 

OS&Y   : Outside Screw & York 

PE  : Plane End 

PP  : Poly Propylene 

PTFE   : Poly Tetra Fluoro Ethylene 

RF   : Raised Face 

R/L   : Rubber lined or rubber seated 

S   : Seamless 

SB   : Screw Bonnet 

SC   : Screw Cover 

SCH   : Schedule No. 

SCR'D   : Screwed 

Sm   : Smaller 

SO   : Slip On 

St.   : Stelliting 

SW   : Socket Weld 

W   : Weld 

WN   : Welding Neck 

W/LINING  : With Lining 

V#   : Valve No. 

13 CR  :  13% CHROMIUM 
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CLASS 
Max.Press. (MPaG) 

  
1.1   

C.A. 

mm 
CLASS 

AA60      

(1/1) 

Max.Temp. (degC) 

  
65 

  

   
 

AA60      

(1/1) 

FLUID GYPSUM SLURRY    

ITEM Size Thickness 

   

Specification 

  

ITEM No. 

PIPING 
DN25 - 

DN50 
SCH40 A53-B SML PE (I:R/L) ASME   

  
DN65 - 

DN150 
SCH40 A53-B E.R.W BE (I:R/L) ASME   

  
DN200 - 

DN300 
SCH20 A53-B E.R.W BE (I:R/L) ASME   

  
DN350 - 

DN400 
SCH10 A53-B E.R.W BE (I:R/L) ASME   

  
DN450 - 

DN500 
SCH10 A53-B E.R.W BE (I:R/L) ASME   

  
DN550 -

DN1000 
7.9T A134(A283-C) EFW BE (I:R/L) ASME   

  
DN1100-

DN1200 
9.5T A134(A283-C) EFW BE (I:R/L) ASME   

FITTING 
DN25 - 

DN50 

Suit to 

PIPE 
BW A234-WPB (I:R/L) ASME-B16.9   

  
DN65 - 

DN150 

Suit to 

PIPE 
BW A234-WPBW (I:R/L) ASME-B16.9   

  
DN200 - 

DN300 

Suit to 

PIPE 
BW A234-WPBW (I:R/L) ASME-B16.9   

  
DN350 - 

DN500 

Suit to 

PIPE 
BW A234-WPBW (I:R/L) ASME-B16.9   

  
DN550 -

DN1000 

Suit to 

PIPE 
BW A134(A283-C) EFW (I:R/L) ASME-B16.9   

  
DN1100-

DN1200 

Suit to 

PIPE 
BW A134(A283-C) EFW (I:R/L) ASME-B16.9  

SMOOTH BEND 
DN25 - 

DN80 

Suit to 

PIPE 
BW A53-B (I:R/L)  

FLANGE 
DN25 - 

DN600 
  SO A105 ASME150 SO FF (I:R/L) ASME-B16.5  

  
DN650 -

DN1800 
  SO A105 AWWA CL.B SO FF (I:R/L) AWWA-C207  

PINCH VALVE 
DN25 - 

DN150 
  

PN 16 A126-B TRIM-13CR SLEEVE-CR LINING-IIR FF 

HAND WHEEL 
 

GASKET 
DN25 - 

DN600 
  

V-2000 RUBBER RUBBER OR EQ. ASME150 2.0T FLAT 

RING 
 

  
DN650 -

DN1800 
  

V-2000 RUBBER RUBBER OR EQ. AWWA CL.B 2.0T FLAT 

RING 
  

BOLT & NUT ALL SIZE   STUD U HEAVY NUT A307-GR.B/A563-GR.A FINISHED   

Note: I: R/L – Replaceable Wear Resistant Natural Rubber Lining of minimum 6mm thickness. Additional 

thickness of 2 mm rubber lining shall be provided in bends. 
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CLASS Max.Press. (MPaG) 

  

1  C.A. mm 

BA01      

(1/1) 

Max.Temp. (degC) 

  

  

45   

FLUID INSTRUMENT AIR, LUBE OIL   

ITEM Size Thicknes

s 

Specification  

PIPING 

  

DN6- DN50 SCH40S A312-TP304 SML PE ASME 

DN65-DN250 SCH20S A312-TP304 E.R.W BE ASME 

FITTING 

  

DN6 - DN50 Suit to 

PIPE 

3000LB SW A182-F304 ASME-B16.11 

DN65 - DN250 BW A403-WP304 ASME-B16.9 

FLANGE 

  

DN6 - DN50 Suit to 

PIPE  

SW GR.304 GR.304 ASME150 SW RF ASME-B16.5 

DN65 - DN250 LOOSE A105 ASME150 LOOSE ASME-B16.5 

GATE VALVE 

  

DN6 - DN50   API-602 PN 16 A182-F304 AISI304 SW BB,OS&Y HAND WHEEL 

DN65 - DN250   ASME-B16.34 PN 16 A351-CF8 AISI304 RF BB,OS&Y HAND WHEEL 

GASKET 

  

DN6 - DN150   V-6500 NON-ASBESTOS OR EQ. ASME150 1.5T FLAT RING 

DN200- DN250   V-6500 NON-ASBESTOS OR EQ. ASME150 3.0T FLAT RING 

BOLT & NUT ALL SIZE   STUD U HEAVY NUT A307-GR.B/A563-GR.A FINISHED 
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CLASS Max.Press. (MPaG) 

  

0.11 0.85 

  

  C.A. mm 

CC01      

(1/1) 

Max.Temp. (degC) 

  

155 45 

  

   

FLUID WATER, VENT GAS   

ITEM Size Thickness  Specification 

PIPING 

  

  

DN6 - DN50 SCH80 A53-B SML PE ASME 

DN65 - DN150 SCH40 A53-B E.R.W BE ASME 

DN200 - DN300 SCH20 A53-B E.R.W BE ASME 

FITTING 

  

  

DN6 - DN50   3000LB SW A105 ASME-B16.11 

DN65 - DN150 Suit to 

PIPE 

BW A234-WPB ASME-B16.9 

DN200 - DN300 BW A234-WPB ASME-B16.9 

FLANGE 

  

DN6 - DN150 Suit to 

PIPE 

SO A105 ASME150 SO RF ASME-B16.5 

DN200 - DN300 SO A105 ASME150 SO RF ASME-B16.5 

GATE VALVE 

  

DN6 - DN50   API-602 PN16 A105 13CR SEAT STL SW BB,OS&Y HAND WHEEL 

DN65 - DN300   ASME-B16.34 PN16 A395 13CR RF BB,OS&Y HAND WHEEL 

GLOBE 

VALVE 

  

DN6 - DN50   API-602 PN16 A105 13CR SEAT STL SW BB,OS&Y HAND WHEEL 

DN65 - DN300   ASME-B16.34 PN16 A395 13CR RF BB,OS&Y HAND WHEEL 

CHECK 

VALVE 

  

DN6 - DN50   API-602 PN16 A105 13CR SEAT STL SW BC,LIFT 

DN65 - DN300   ASME-B16.34 PN16 A395 13CR RF BC,SWING 

BALL VALVE DN6 - DN100   ASME-B16.34 PN16 A105 AISI304 RF BALL LEVER.  

FULL BORE 

BUTTERFLY 

VALVE 

  

  

  

  

  

DN50 - DN150   ASME-B16.34 PN16 A216-WCB 13CR EPDM RF WAFER WAFER 

LEVER. 

DN50 - DN150   ASME-B16.34 PN16 A216-WCB 13CR EPDM RF WAFER WAFER AIR 

CYLINDER W/L.SWITCH 

DN50 - DN150   ASME-B16.34 PN16 A216-WCB 13CR EPDM RF WAFER WAFER 

ELECTRIC MOTOR W/L.SWITCH 

DN200 - DN300   ASME-B16.34 PN16 A216-WCB 13CR EPDM RF WAFER WAFER WHEEL 

WITH GEAR 

DN200 - DN300   ASME-B16.34 PN16 A216-WCB 13CR EPDM RF WAFER WAFER AIR 

CYLINDER W/L.SWITCH 

DN200 - DN300   ASME-B16.34 PN16 A216-WCB 13CR EPDM RF WAFER WAFER 

ELECTRIC MOTOR W/L.SWITCH 

GASKET 

  

DN6 - DN150   V-6500 NON-ASBESTOS OR EQ. ASME150 1.5T FLAT RING 

DN200 - DN300   V-6500 NON-ASBESTOS OR EQ. ASME150 3.0T FLAT RING 

BOLT & NUT ALL SIZE   STUD U HEAVY NUT A307-GR.B/A563-GR.A FINISHED 
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1.0 STANDARD TECHNICAL REQUIREMENTS – EQUIPMENTS/ COMPONENTS OF GDS 

I DESIGN CONSTRUCTION –VACUUM BELT FILTERS 

1. The vacuum belt filter shall be proven design in operation for similar capacities. The 
filter cloth shall be polyester or polypropylene as per the proven design of the supplier 
and shall be guaranteed for a minimum life of not less than 7000 hrs. 

2. The complete frame of the filter and all parts in contact with gypsum shall be made of 
corrosion resistant material. 

3. In case, the contractor offers a design with an underlying belt for carrying the filter 
cloth, the same shall be endless, factory vulcanized rubber belts. The belt shrouds and 
the sealing belts shall provide a leak tight arrangement to prevent overflow of gypsum 
slurry. The sealing belt shall have minimum life of not less than 7000 hrs. 

4. The vacuum box shall ensure tight sealing with the belt/cloth and shall be of proven 
design. MOC of Vacuum Box Should be preferably UHMW-PE (ultra-high-molecular-
weight-polyethylene). 

5. The belt filter shall have an automatic cloth tracking mechanism and shall be provided 
with all required instrumentation as per the supplier’s proven practice. The belt filter 
shall have an automatic cloth tensioning mechanism. 

6. The filter shall be provided with minimum 2 stages of cake washing for removing 
impurities in the gypsum. One stage of cloth washing arrangement shall also be 
provided. 

7. The service factor of the gear unit (if any) shall be minimum 1.5. 

8. Piping and wiring within the skid should be in the vendor’s scope. 
9. Nozzles and connections  

The suction and discharge pipes will be flanged and will have the same nominal test 
procedure as the body of the pump. Threaded connections are not admitted in these 
pipes. 

10. The flanges shall comply with the following standards:  
- Steel flanges as per ANSI B16.5 (raised face type, at least class 150)  
- Cast iron flanges as per ANSI 16.1 (flat face type, at least class 125)  
The pipe shall be designed according to API676 with regards to the force. 

II DESIGN AND CONSTRUCTION OF VACUUM PUMPS 

 
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. 

a)  

 1) The mechanical vacuum pumps and accessories shall be used for continuous 
duty, to create and maintain vacuum by removing air and other non-condensable 
gases with associated water vapor, from the vacuum belt during gypsum 
dewatering operation. Final selection should consider compatible operation of the 
GDW system & pump over the full range of anticipated operation. 

2) The pumps shall be of single stage or two stage liquid ring type with suitable 
compression ratio, to meet the all operating condition, ensuring no cavitation’s 
under all operating conditions. Bidder shall indicate the arrangement being offered 
to avoid cavitation. 

3) The pump shall be of liquid ring design with both the stages (if it is a two-stage 
pump) mounted on a common shaft. The unit shall require no external lubrication 
and shall not be damaged by slugs of water and entrained gases. 

4) Each pump unit with the accessories shall be furnished as a package unit 
mounted on a common steel base plate. 
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5) The pumps shall be connected to its motors by flexible couplings. All couplings 
shall have suitable rigid steel coupling guards having closed ends and anchored to 
the base plate. 

6) The materials of construction of all the parts including all accessories shall be 
suitable to the fluids being handled/ used. 

7) Impeller Tip speed to be kept in range of 13-22 m/sec. 
8) Pipe fittings: not less than Schedule 40 

9) The vacuum pump internals shall be suitably lined to protect against the corrosive 
environment. The material selected for vacuum pumps shall be proven for similar 
application. 

 
Material of Construction of Vacuum Pump: MOC of vacuum pump shall be as below 
mentioned or better material: 
1) Casting: ~ 2% Ni Cast Iron (GB 9439, HT 250)/ASTM A48, CLASS35 
2) Shaft: Carbon Steel, En-8 or better 
3) Impeller: Nodular Iron (ASTM A536, Gr.65-45-12) or better 
4) Shaft Sleeve :(If applicable) Stainless Steel 
 

b) 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. 

c) Shaft Sleeves 

 Renewable type fine finished shaft sleeves shall be provided at mechanical seals. 
Shaft sleeves shall be fastened to the shaft to prevent any leakage or loosening. Shaft 
and shaft sleeve assembly should ensure concentric rotation. 

d) 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. 

e) Mechanical Seals 

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. 

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 
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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. 

f) 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. 

g) 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. 

h) Drive Motor (Prime Mover) 

 The kW rating of the drive shall be based on continuously driving the connected 
equipment for the conditions specified. 

III GYPSUM DISCHARGE CHUTE 

a) The minimum valley angle of chutes shall be 60 degrees at the feeding point to guide 
the material in the direction of belt travel. Transfer chutes shall be adequately sized 
and sloped to ensure smooth flow of Gypsum without any accumulation anywhere. 

b) Chutes shall be made of minimum 20 mm thick TISCRAL / SAILHARD/ LSLAS07 or 
equivalent material. All chutes should have one inspection door at every floor and for 
the ones in between the floors (more than 1.5 meter above the operating floor level) 
suitable access for trouble free maintenance shall be provided. For sealing of 
inspection doors labyrinth type arrangement to be provided.  

c) Complete chute work in the region of flap gates shall be fabricated from 20 thk 
TISCRAL or equivalent. In case of vertical chute (valley angle more than 80 degree) 
complete chute, work shall be of 20 mm thick TISCRAL or equivalent material. While 
finalizing the chute work inside the building, arrangement for shifting and replacing 
chute legs, proper handling arrangement/wall openings, trolleys, hoists shall also be 
provided. While fabricating the chute, no welds in between shall be allowed. 

One (1) no. chute blockage switch for each belt filter of proven type (subject to 
approval of the employer) shall be provided. Chute blockage switch shall trip the 
feeding conveyor in case of Chute blockage and protect the feeding conveyor 
equipment. 

IV PIPING 

a) 

The slurry pipes shall be sized to minimize erosion and avoid settling of the gypsum at 
all load operation. Slurry pipes shall be designed to keep the velocity above the settling 
velocity under all operating conditions. The bidder may provide a recirculation line with 
motorized isolation valve for the above purpose. All the pipes handling slurry shall be 
provided with replaceable rubber lining of proven quality. The slurry pipes shall be lined 
with replaceable wear resistant natural rubber lining of minimum 6 mm thickness. 
Additional thickness of 2 mm in rubber lining shall be provided at bends. The bidder 
can provide slurry pipes of size lower than 300 NB made up of FRP material (silicon 
carbide coating on slurry exposed surface) if it has previous experience of providing the 
same. Outer surface of the pipes should be fire retardant. All the rubber-lined pipes 
shall be of flanged connection. 

b) 
Valves shall be of proven type and type contractor shall submit details valve schedule 
for employer's approval. Reference list for previous installations for similar application 
shall also be furnished to the employer. 
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c) 

The isolation valves provided in all the slurry lines shall be of knife gate type/butterfly 
type unless specifically mentioned. Motorized actuators shall be provided for valves 
requiring frequent operation as indicated in the relevant scheme. Pneumatic valves are 
also acceptable. 

d) 
Necessary arrangements for purging & flushing of all the process pipelines, 
equipments etc. shall be required. 

e) 
Belt filter washing pumps shall have a minimum flow line to tank with a restriction 
orifice. 

f) All Lube oil, Instrument Air piping shall be made up of Gr.304 Stainless Steel material. 

g) 
All process water & Cooling water piping shall be made up of Carbon Steel Pressure 
Piping. 

V PROCESS/CLARIFIED WATER PUMPS 

a) 

The cake/cloth wash pumps shall be horizontal centrifugal type designed for 
continuous operation with semi-open or closed impeller. Casing, Gland and Stuffing 
Box shall be of 2.5 Ni Cast Iron to IS:210 Grade FG 260 or equivalent. Impeller, 
wearing rings (as applicable) shall be of Stainless Steel -316 grade and Shaft & Shaft 
sleeves shall be of SS-410 grade. Pump re-circulation line shall be provided for 
pumping system. Pumps shall be provided with accessories such as Y-type suction 
strainers, Coupling guard, drain plugs, vent valves etc. 

VI GENERAL 

a) 

Cake/Cloth Wash pump shall be 1500/3000 RPM. The Vacuum Pump is a low speed 
machine and the RPM shall be selected by the bidder meeting the system requirement.  
Bidder to note that above shall be subject to BHEL/BHEL’s Customer approval during 
contract stage. 

b) 
For gypsum, the bulk density shall be taken as 900 kg/m3 for volumetric computation 
and 1250 kg/m3 for torque and drive requirements. Refer respective P&IDs for Slurry 
details. 

c) 

The slurry pumps shall be provided with motorized suction and discharge valves. In 
addition, flushing water lines with motorized valves shall be provided for each pump for 
automatic flushing of the pump after each shut down. The flushing water for the pumps 
shall be taken from the process water supply. 

d) The slurry pump casing should be radially split to allow easy removal of impeller. 
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P

 
ANNEXURE - 1 

 
DRAWINGS / DOCUMENTS TO BE SUBMITTED WITH THE BID 

 
Bidder should submit the filled up (wherever applicable), signed and stamped copy of the 
following documents along with the offer/ bid for technical evaluation: 
 

Sl. 

No. 
Reference 

Description 

 

 1.  Annexure-2 COMPLIANCE CUM CONFIRMATION CERTIFICATE 

2.  Annexure-3 PRE-BID CLARIFICATION SCHEDULE 

3.  Annexure-4 DEVIATION SHEET (COST OF WITHDRAWAL) 

4.  Annexure-5 SCHEDULE OF GUARANTEES 

5.  Annexure-6 LIST OF MAKES OF SUB VENDOR ITEMS 

6.  Annexure-7 LIST OF TOOLS & TACKLES 

7.  Annexure-8 EQUIPMENT DATA SHEET/ SCHEDULE (TO BE FILLED BY BIDDER) 

8.  Annexure-9 LIST OF COMMISSIONING SPARES 

9.  UNPRICED SCHEDULE IN THE PRICE FORMAT ISSUED ALONG WITH TENDER 
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COMPLIANCE-CUM-CONFIRMATION CERTIFICATE  

 

The bidder shall confirm compliance with following by signing / stamping this compliance 

certificate (every sheet) and furnish same with the offer. 

 

a) The scope of supply, technical details, construction features, design parameters etc. shall 

be as per technical specification & there are no exclusions, other than those mentioned 

under “exclusion and those resolved as per ‘Schedule of Deviations’, with regard to same.  

 

b) There are no other deviations w.r.t. specifications other than those furnished in the 

‘Schedule of Deviations’. Any other deviation, stated or implied, taken elsewhere in the 
offer stands withdrawn unless specifically brought out in the ‘Schedule of Deviations’. 

 

c)    Bidder shall submit QP in the event of order based on the guidelines given in the 

specification & QP enclosed therein. QP will be subject to BHEL / CUSTOMER approval & 

customer hold points for inspection / testing shall be marked in the QP at the contract 

stage. Inspection / testing shall be witnessed as per same apart from review of various 

test certificates/ Inspection records etc. This is within the contracted price without any 

extra implications to BHEL after award of the contract. 

 

d) All drawings/ data-sheets / calculations etc. submitted along with the offer, if not 

sought/required for bid evaluation shall not be taken cognizance off. 

 

e) The offered materials shall be either equivalent or superior to those specified in the 

specification & shall meet the specified / intended duty requirements. In case the material 

specified in the specifications is not compatible for intended duty requirements, the same 

shall be resolved by the bidder during the pre-bid discussions, otherwise BHEL/Customer’s 
decision shall be binding on the bidder, whenever the deficiency is pointed out.  

 

For components where materials are not specified, the same shall be suitable for intended 

duty, all materials shall be subject to approval in the event of order. 

 

f)    The commissioning spares shall be supplied on ‘As Required Basis’ & prices for same are 

deemed to be included in the base price. 

 

g) All sub-vendors shall be subject to BHEL / CUSTOMER approval in the event of order.  

 

h) Guarantee/Warranty for plant/equipment shall be as per relevant clause of GCC / SCC / 

other Commercial Terms & Conditions. 

 

i)    In the event of order, all the material required for completing the job at site shall be 

supplied by the bidder within the ordered price even if the same are additional to 

approved billing break-up, approved drawing or approved Bill of quantities within the 

scope of work as tender specification. This clause will apply in case during site 
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commissioning, additional requirements emerges due to customer and / or consultant’s 
comments. No extra claims shall be put on this account. 

 

j) Schedule of drawings/documents/quality plans submission, comment incorporation & 

approval shall be as stipulated elsewhere in the specification. The successful bidder shall 

depute his design personnel to BHEL’s / Customer’s / Consultant’s office for across the 

table resolution of issues and to get documents approved in the stipulated time. 

 

k) As-built drawings shall be submitted as and when required during the project execution. 

 

l)   The bidder has not tampered with this compliance-cum-confirmation certificate and if at 

any stage any tampering in the signed copy of this document is noticed then same shall be 

treated as breach of contract and suitable actions shall be taken against the bidder. 

 

m) Successful bidder shall furnish detailed erection/installation manual for each of the 

equipment supplied under this contract as per the schedule of submission of documents 

and well before the scheduled erection of the equipment / component concerned. 

 

n) Document approval by customer under Approval category or information category shall 

not absolve the vendor of their contractual obligations of completing the work as per 

specification requirement. Any deviation from specified requirement shall be reported by 

the vendor in writing and shall require written approval. Unless any change in specified 

requirement has been brought out by the vendor during detail engineering in writing 

while submitting the document to customer for approval, approved document (with 

implicit deviation) will not be cited as a reason for not following the specification 

requirement. 

 

o) In case vendor submits revised drawing after approval of the corresponding drawing, any 

delay in approval of revised drawing shall be to vendor’s account and shall not be used as 
a reason for extension in contract completion.  
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PRE-BID CLARIFICATION SCHEDULE 

 

 

S. NO. SECTION/CLAUSE/PAGE NO. STATEMENT OF THE 

REFERRED CLAUSE 

CLARIFICATION 

REQUIRED 

    

    

    

    

    

    

    

    

    

 
The bidder hereby clarifies that above mentioned are the only clarifications required on the technical 
specification for the subject package. 
 
 
 
 
 
 

Signature: ______________ 

Name: _________________ 

Designation: ____________ 

Company: ______________ 

Date: __________________ 

 
Company Seal 
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DEVIATION SHEET (COST OF WITHDRAWAL) 

 

(TO BE FILLED UP BY BIDDER IN THE FORMAT ATTACHED AS 

ANNEXURE –II OF GENERAL CONDITIONS OF CONTRACT ISSUED 

ALONG WITH TENDER. ANY DEVIATION QUOTED ELSEWHERE/ IN 

OTHER FORMAT SHALL NOT BE CONSIDERED) 
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SCHEDULE OF GUARANTEES 
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1.0  PERFORMANCE GUARANTEE 

 All performance tests for GDS shall be carried out in accordance with the relevant latest 

international codes/standards.  

1) Bidder shall furnish Performance guarantee for the design, manufacture, material, 

safe and trouble-free operation of the GDS and its accessories. 

2) Bidder shall furnish guaranteed power consumption for the gypsum dewatering 

system. Guaranteed Power Consumption in the applicable format shall be submitted 

as part of techno commercial offer as per the table provided in Annexure-IV of the 

price schedule. 

3) Vendor shall Guarantee and demonstrate each Vacuum Belt Filter capacity of 

minimum 136 TPH wet gypsum cake with an inlet solid concentration of 45% by 

weight. 

4) The contractor shall guarantee and demonstrate that gypsum cake moisture content 

shall not be more than 10% and chloride content shall not be more than 100 ppm.  

5) The filter cloth shall be guaranteed for a minimum life of not less than 7000 hrs. 

6) The wear belt shall be guaranteed for a minimum life of not less than 7000 hrs. 

7) The liners in hydro-cyclone shall have a minimum wear life of not less than 7000 hrs. 

8) Noise level ≤85 dB (A) at 1 m horizontal distance from equipment/enclosures & 1.5m 

above operating floor is to be guaranteed. 

9) Vibration levels measured on the non-rotating parts shall not exceed the zone limit 

“B” as defined in ISO 10816 at steady conditions and shall not exceed the zone limit 
“C” as defined in ISO 10816 at transient conditions. 

10) Acceptance tests to be carried out as per the procedure defined by the bidder 

which shall be submitted for BHEL/ PVUNL approval. 

11) In the event that the performance test is unsuccessful, bidder shall take necessary 

remedial action at his cost and the performance test shall be repeated. 

 

Bidder is required to submit signed & stamped copy of this document. 
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LIST OF MAKES OF ITEMS 

 

S.N. ITEM NAME MANUFACTURER LOCATION 
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LIST OF SPECIAL TOOLS & TACKLES 

 

S.N. ITEMS QUANTITY 
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EQUIPMENT DATA SHEET/SCHEDULE 
S.No. Description Data 

1.0 GENERAL 

 a. Client  : BHEL-PEM, Noida 

b. Project  : PVUNL Patratu 3x800 MW 

c. End  Customer  : PVUNL/NTPC 

d. Location  : Ramgarh, Jharkhand 

e. Service  : Continuous 

f. Installation  : Inside the Building  

g. Quantity for all 3 FGD units   : 2 sets (1W+1S) 

2.0 MANUFACTURER DETAILS  

 a. Model  : Bidder to Provide 

b. Type  : Bidder to Provide 

3.0 OPERATING CONDITION  

 Medium to be handled                                  : Gypsum Slurry  

4.0 Technical Data 

4.1 PRIMARY HYDRO-CYCLONE 

 i. Stage Bidder to Provide 

ii. Manufacturer Bidder to Provide 

iii. Number of Hydro cyclone Bidder to Provide 

iv. Diameter of Hydro cyclone  Bidder to Provide 

v. Diameter of Vortex Finder Bidder to Provide 

vi. Diameter of Apex Valve Bidder to Provide 

vii. Diameter of Feed Inlet Bidder to Provide 

viii. Design Pressure Bidder to Provide 

ix. Working Pressure Bidder to Provide 

x. Feed Flow rate Bidder to Provide 

xi. Overflow Rate Bidder to Provide 

xii. Underflow Rate Bidder to Provide 

xiii. Mesh of separation      (50% 

Removed) 

Bidder to Provide 
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xiv. Solid content of feed slurry Bidder to Provide 

xv. Solid content in underflow of 

Hydrocyclone 

Bidder to Provide 

xvi. Solid content in Overflow of 

Hydrocyclone 

Bidder to Provide 

 xvii. Type of cyclone Bidder to Provide 

a) Cyclone Dia/Height (mm) Bidder to Provide 

b) Required Liquid Feed Pressure Bidder to Provide 

c) Cyclone Connection Number/Dia. 

(mm) 

Bidder to Provide 

d) Feed Bidder to Provide 

 e) Overflow Bidder to Provide 

f) Underflow Bidder to Provide 

g) Rf Value 

          (Underflow Slurry (m3/hr/Feed 

Slurry   (m3/hr)  ) 

Bidder to Provide 

h) Material Bidder to Provide 

i) Shell Bidder to Provide 

j) Internal Structure Part Bidder to Provide 

k) Lining Bidder to Provide 

l) Particle Size Distribution Bidder to Provide 

m) Weight Bidder to Provide 

4.2 VACUUM BELT FILTERS (VBF) 

 a. Manufacturer  : Bidder to Provide 

b. Model No.  : Bidder to Provide 

c. Dimensions (W x L x H) (m x m x m)  : Bidder to Provide 

d. Cloth Width  m : Bidder to Provide 

e. Cloth Length  m : Bidder to Provide 

f. No. Working / Stand-by  : Bidder to Provide 

g. Capacity (Guaranteed) 

Gypsum (Dry)  

Gypsum (Slurry)  

 

Kg/hr 

m3/kg 

: 

: 

: 

Bidder to Provide 

h. Inlet Flow 

Volume  

Solid Concentration        

 

m3/h 

%w/w 

: 

: 

: 

Bidder to Provide 

i. Gypsum Flow (Dry) Kg/hr : Bidder to Provide 
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j. Moisture Removed % : Bidder to Provide 

k. No. of stages of cake washing / water 

flow 

m3/h : Bidder to Provide 

l. No. of stages of cloth washing / water 

flow 

m3/h : Bidder to Provide 

m. Design Pressure of Vacuum Chamber   : Bidder to Provide 

n. Operating Pressure of Vacuum 

Chamber 

 : Bidder to Provide 

o. Material / Thickness mm : 

: 

: 

: 

: 

Bidder to Provide 

i. Casing  Bidder to Provide 

ii. Cloth  Bidder to Provide 

iii. Gypsum Discharge Hopper  Bidder to Provide 

iv. Vacuum Box  Bidder to Provide 

p. Life of Cloth                                                    hrs : Bidder to Provide 

q. Type /Material of Carrying Belt  : Bidder to Provide 

r. Type / Material of Sealing Belt  : Bidder to Provide 

s. Life of Carrying Belt hrs  Bidder to Provide 

t. Life of Sealing Belt hrs  Bidder to Provide 

u. Automatic Cloth Tensioning 

Mechanism Provided 

  Yes / No - Bidder to confirm 

4.3 VACUUM RECEIVER TANK 

a. No. of Tank for each VBF  : Bidder to Provide 

b. Capacity (m3)   : Bidder to Provide 

c. Dimensions (Dia x Height) (mm x mm)  : Bidder to Provide 

d. Material / Thickness (mm)  : Bidder to Provide 

e. Lining Material / Thickness mm  : Bidder to Provide 

 
4.4 Vacuum Pumps   

 
a. Manufacturer : Bidder to Provide 

b. Make/Model   

c. Type : Bidder to Provide 

d. No. of Pumps for each Vacuum Belt Filter : Bidder to Provide 

e. Rated Capacity Flow  (m3/hr) : Bidder to Provide 
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Rated Capacity Head  (mWCI) : Bidder to Provide 

Rated Capacity Power (KW) : Bidder to Provide 

f. Power consumption   (KW) : Bidder to Provide 

g. Pump Speed  (rpm) : Bidder to Provide 

h. Motor Rating   (KW) : Bidder to Provide 

i. Motor Speed   (rpm) : Bidder to Provide 

j. Margins  (Flow/Head)   (%/%) : Bidder to Provide 

k. Operation Pressure : Bidder to Provide 

l. Design Pressure : Bidder to Provide 

m. Material/Thickness  (mm) of : Bidder to Provide 

Base/Lining : Bidder to Provide 

Casing : Bidder to Provide 

Shaft : Bidder to Provide 

Impeller : Bidder to Provide 

n. Type of seal : Bidder to Provide 

o. Sealing Water Flow (m3/hr) : Bidder to Provide 

p. Bearing : Bidder to Provide 

No. of Bearings : Bidder to Provide 

Type Of Bearings : Bidder to Provide 

q. Type of coupling : Bidder to Provide 

r. Whether silencer provided at outlet : Yes/No 

4.5 SLURRY PIPES :  

a. Pipe size (mm) : Bidder to Provide 

b. Type of Joints : Bidder to Provide 

Pipe to Pipe/Pipe to Fittings  Bidder to Provide 

Fittings  Bidder to Provide 

c. Material / Thickness (mm)of Pipe : Bidder to Provide 

d. Material Thickness of lining : Bidder to Provide 

e. Estimated Life of liners (hrs.) : Bidder to Provide 

f. Slurry Solid concentration (w/w %) : Bidder to Provide 
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g. Slurry Settling Velocity (m/s)  Bidder to Provide 

h. Pipe Velocity (m/s)  Bidder to Provide 

4.6 BELT FILTER WASH PUMPS   

a. No. for each VBF   

b. No. of stand-by pumps for each VBF   

c. Make / Model   

d. Impeller Type   

e. Material / Thickness (mm) of Impeller and lining   

f. Casing Type   

g. Material/Thickness of Casing/Lining   

h. Rated Flow/Head (m3/hr./mWCI)   

4.7 CAKE WASH PUMPS   

i. No. for each VBF   

j. No. of stand-by pumps for each VBF   

k. Make / Model   

l. Impeller Type   

m. Material / Thickness (mm) of Impeller and lining   

n. Casing Type   

o. Material/Thickness of Casing/Lining   

p. Rated Flow/Head (m3/hr./mWCI)   

4.8 BELT ACCESSORIES   

4.8.

1 

Bearing   

a. Carrying : Bidder to Provide 

b. Return : Bidder to Provide 

4.8.

2 

Material   

a. Roller : Bidder to Provide 

b. Spindle : Bidder to Provide 

4.8.

3 

Pulleys   

i) General (for all types of Pulleys) : Bidder to Provide 

a. Pulley Shaft Diameter : Bidder to Provide 
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ii) Drive Pulleys   

a. Lagging : Bidder to Provide 

b. Lagging thickness : Bidder to Provide 

c. Minimum angle of wrap  : Bidder to Provide 

d. Maximum out of roundness  : Bidder to Provide 

iii) Other Pulleys   

a. Lagging : Bidder to Provide 

b. Lagging thickness : Bidder to Provide 

iv) Rubber for lagging   

a. Type : Bidder to Provide 

b. Hardness : Bidder to Provide 

c. Elongation : Bidder to Provide 

d. Strength : Bidder to Provide 

e. Abrasion Loss : Bidder to Provide 

f. Specific Gravity : Bidder to Provide 

g. Adhesion Strength : Bidder to Provide 

v) Bearings for Pulleys   

a. Type : Bidder to Provide 

b. Casing : Bidder to Provide 

c. Sealing : Bidder to Provide 

d. Lubrication : Bidder to Provide 

e. Pulley Material : Bidder to Provide 

f. Shaft Material : Bidder to Provide 

4.9 Chutes and Hoppers   

a. Minimum Valley Angle : Bidder to Provide 

b. Material : : Bidder to Provide 

 i) Chute work : Bidder to Provide 

 ii) Sliding zones & adjacent sides : Bidder to Provide 

 iii) No striking/ Non sliding zones : Bidder to Provide 
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 iv) Chute with valley angle 80 degree and 

above 

: Bidder to Provide 

 v) In the zone of magnetic field : Bidder to Provide 

 vi) In the zone of flap gates : Bidder to Provide 

 vii) Discharge Hoods overhead pulleys : Bidder to Provide 

c. Inspection Doors : Bidder to Provide 

d. Chute Construction : Bidder to Provide 

 i) Corners : Bidder to Provide 

 ii) Joints Bolted : Bidder to Provide 

 iii) Bolt size : Bidder to Provide 

 iv) Bolts spacing : Bidder to Provide 

 v) Fixing Arrangement : Bidder to Provide 

4.9.

1 

Skirt Boards   

a. Length : Bidder to Provide 

b. Height : Bidder to Provide 

c. Width 

Side plate 

: Bidder to Provide 

4.9 Secondary (Waste Water) Hydrocyclone : Bidder to Provide 

i) Stage : Bidder to Provide 

ii) Manufacturer : Bidder to Provide 

iii) Number of Hydrocyclone : Bidder to Provide 

iv) Diameter of Hydrocyclone  : Bidder to Provide 

v) Diameter of Vortex Finder : Bidder to Provide 

vi) Diameter of Apex Valve : Bidder to Provide 

vii) Diameter of Feed Inlet : Bidder to Provide 

viii) Design Pressure : Bidder to Provide 

ix) Working Pressure : Bidder to Provide 

x) Feed Flow rate : Bidder to Provide 

xi) Overflow Rate : Bidder to Provide 

xii) Underflow Rate : Bidder to Provide 

xiii) Mesh of separation      (50% Removed) : Bidder to Provide 

xiv) Solid content of feed slurry : Bidder to Provide 
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xv) Solid content in underflow of Hydro-

cyclones 

: Bidder to Provide 

xvi) Solid content in Overflow of Hydro-

cyclones 

: Bidder to Provide 

       xvii) Type of cyclone : Bidder to Provide 

a. Cyclone Dia/Height (mm) : Bidder to Provide 

b. Required Liquid Feed Pressure : Bidder to Provide 

c. Cyclone Connection Number/Dia. (mm) : Bidder to Provide 

d. Feed : Bidder to Provide 

e. Overflow : Bidder to Provide 

f. Underflow : Bidder to Provide 

g. Rf Value 

          (Underflow Slurry (m3/hr/Feed Slurry   

(m3/hr)   

: Bidder to Provide 

h. Material : Bidder to Provide 

i. Shell : Bidder to Provide 

j. Internal Structure Part : Bidder to Provide 

k. Lining : Bidder to Provide 

l. Particle Size Distribution : Bidder to Provide 

m. Weight : Bidder to Provide 

 

Note: 

The information as above and provided in the drawings/datasheets shall be kept for information 

only. The same shall be submitted to BHEL’s customer for the approval during the detail 
engineering/execution stage. Explanations/justifications shall be provided by bidder and the 

drawings/documents shall be revised meeting contract specifications without any cost/delivery 

implication to BHEL. 
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