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2.02.10  At all intersection joints, it is Contractor's responsibility to design and provide suitable 

reinforcements as per the applicable codes and standards. 
 
2.02.11  For large size pipes/ducts, at high point and bends/change of direction of flow, air release 

valves shall be provided as dictated by the system requirement and operation philosophy & 
tripping conditions of pumping system. Sizing criteria for air release valves shall be generally 
on the basis of valve size to pipe diameter ratio of 1:8. Requirement shall be decided as per 
relevant code. 

 
Transient analysis /surge analysis where ever specified and required shall be conducted in 
order to determine the location , number and size of the Air-Release valve on certain long 
distance/high volume piping systems, if applicable within the scope of work of the package. 

 
2.03.00  Material 
 
2.03.01  Alternate materials offered by Bidder against those specified. shall either be equal to or 

superior to those specified,  The responsibility for establishing equality or superiority of the 
alternate materials offered rests entirely with the Bidder and any standard code required for 
establishing the same shall be in English language. 

 
2.03.02  No extra credit would be given to offers containing materials superior to those specified. 

Likewise no extra credit would be given to offers containing pipe thickness more than 
specified. 

 
2.03.03  All materials shall be new and procured directly from the manufacturers. Materials procured 

from traders or stockists are not acceptable. 
 
2.03.04  All materials shall be certified by proper material test certificates. All material test certificates 

shall carry proper heat number or other acceptable references to enable identification of the 
certificate that certifies the material. 

 
2.03.05  Material of construction for pipes carrying various fluids shall be as follows: 

 

Sl No. Type of Fluid Material 
1. i) Ordinary Water (Raw Water, 

Clarified Water,  etc.) 
 ii) Equipment cooling water 
including Both primary & secondary 
circuit (DMCW pH-corrected & 
ACW drain water) 

IS-2062 Gr.-E-250B/ASTM A-36/ASTM A-53 
type 'E'Gr.B/IS-3589 Gr. 410 /IS-1239 Heavy. 

2. i)  Demineralised water,       
 ii)Alkaline solution (ECW system 
chemical dosing)  

Stainless Steel to ASTM A312, Gr. 304 
welded for sizes 65 mm NB and above. 
Stainless steel to ASTM A312, Gr. 304 
sch.40s seamless for sizes 50mm and below 

3. i) Drinking (potable) water 
 ii)Compressed air (Instrument  & 
service air)  

ASTM A-53 type E Gr. B galvanized/ IS 1239 
Gr heavy galvanized/IS 3589 Gr 410 
galvanized. Galvanized shall be to IS- 4736 
or equivalent. 

4. (Condensate) spill water ASTM A 106 Gr. B 
5. Effluents from Neutralization pit MSRL 
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2.03.06  In water lines, pipes upto 150mm Nb shall conform to ANSI B36.10/ASTM-A-53, Type-E Gr.B 
/IS:1239 Gr. Heavy and minimum selected thickness shall not be less than IS:1239 Grade 
Heavy except for demineralised water, drinking water and condensate spill lines. 

 
2.03.07  Pipes of above 150mm Nb shall be to AWWA-C200/ANSI B 36.10/ASTM A-53/IS 3589 

Gr.410. Pipe to be fabricated by the bidder shall be rolled and butt welded from plates 
conforming to ASTM A-53 type 'E' Gr. B/IS 2062 Gr.E-250B/ASTM-A-36. However, larger 
pipes, i.e. 1000mm Nb and above shall be made from plates conforming to ASTM A 36/IS 
2062 Gr.E-250B and shall meet the requirements of AWWA-M-11 (for deflection & buckling 
criteria considering water filled pipe as well as vacuum condition that may prevail during 
transient/surge conditions, truck-load, rail-load and weight density for compacted soil or any 
other load as the case may be). 

 
2.03.08  In demineralised water service, the pipes upto 50 Nb shall be of stainless steel ASTM A 312, 

Gr. 304 sch. 40 Seamless. The size for these pipes shall be to ANSI B 36.19. These shall be 
socket welded. The material for pipe from 65mm NB upto and including 400 NB shall be to 
ASTM A 312, Gr. 304 (welded). In no case the thickness of fittings shall be less than parent 
pipe thickness. 

 
Bidder/Contractor shall note that pipes offered as per a particular code shall conform to that 
code in all respects i.e. Dimension, tolerances, manufacturing methods, material, heat 
treatment, testing requirements, etc. unless otherwise mentioned elsewhere in the 
specification. 

 
2.03.09  Instrument air, Plant (service) air lines and Drinking water lines shall be to ASTM A 53 type E 

grade B/ANSI B 36. 10/IS 3589, Gr. 410 / IS: 1239 Heavy (in case thickness calculated is 
more than gr. Heavy, ANSI B 36.10 Schedule numbers shall be followed) and galvanized to 
IS 4736 or any equivalent internationally reputed standard. The material of the pipes shall be 
to ASTM A 53 type 'E' Gr. B / IS: 3589, Gr. 410 / IS: 1239 Gr. Heavy. The fittings shall be of 
either same as parent material or malleable iron to IS-1879 (galvanized). 

 
2.03.10  Spiral welded pipes as per API-5L/IS-3589 are also acceptable for pipe of size above 150 

NB. However minimum thickness of the pipes shall be as elaborated in above clauses. 
 
2.03.11  Condensate lines shall be to ASTM A 106 Gr. B and dimension to ANSI B 36.10 schedule 

"standard" as minimum to be maintained. 
 
2.03.12 If carbon steel plates of thickness more than 12 mm are used for manufacture of pipes, 

fittings and other appurtenances, then the same shall be control-cooled or  normalized as the 
case may be following the guidelines of the governing code. 

 
2.04.00  Field routed pipes: 
 
2.04.01  Pipe lines of NB 50 size and below are regarded as field run piping. It is Bidder's 

responsibility to plan suitable layouts for these system insitu. Bidder shall prepare drawings 
indicating the layout of field run pipe work. These drawings shall be approved by Project 
Manager to the installation of the field run pipe work. Based on these approved layouts the 
Bidder shall prepare the BOQ of field run-pipes and submit to Employer for approval. 

 
2.05.00  Slope/Drains and Vents 
 
2.05.01  Suitable slope shall be provided for all pipelines towards drain points. It is Bidder 

responsibility to identify the requirements of drains and vents, and supply the necessary pipe 
work, valves, fittings, hangers and supports etc. As per the system requirement low points in 
the pipelines shall be provided with suitable draining arrangement and high points shall be 
provided with vent connections where air or gas pockets may occur. Vent for use during 
hydrostatic test shall be plugged after the completion of the test. Vent shall not be less than 
15mm size. Drains shall be provided at low points and at pockets in piping such that 
complete drainage of all systems is possible. Drain shall not be less than 15mm for line size 
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up to 150mm, not less than 20mm up to 300mm and not less than 25mm for 350mm to 
600mm pipes and not less than 50mm for 600mm and above pipes. 

 
2.05.02  Air piping shall be sloped so that any part of the system can be drained through the shut-off 

drain valve or drain plugs. 
 
2.06.00  Pipe Joints 
 

In general all water lines 65mm NB and above, are to be joined generally by butt welding 
except the locations where valves/fittings are to be installed with flanged connections and 
50mm and below by socket welding unless mentioned otherwise specifically. All air lines 
shall be of screwed connection and rubber lined pipes of flanged connections. 

 
2.06.01  Screwed Joints 
 
 (a)  Threading of pipes shall be carried out after bending, heat treatment etc. If not 

possible, threading may be done prior to these operations but proper care should be 
taken to protect them from damage. Threads shall be to ANSI B 2.1 (taper) NPT/ 
ANSI B1.20.1 (taper) NPT / IS: 554 unless specified otherwise. 

 
 (b)  Galvanized pipe shall generally be joined by screwing into sockets. The exposed 

threaded portion on the outside of the pipes shall be given a zinc silicate coating. 
Galvanized pipes shall not be field joined by welding for protection of Galvanising 
Zinc layer. Screwed ends of GI pipes shall be thoroughly cleaned and painted with a 
mixture of red and white lead before jointing. For galvanized pipe sizes above 150 
mm NB, screw & socket jointing as per ASTM-A-865 shall be employed for both 
pipe-to-pipe and pipe-to-fitting  jointing. For pipe to fitting connection since no direct 
threading can be done on the fittings (supplied as per ASTM-A-234 Gr. WPB and 
ANSI B-16.9) necessary straight pipe lengths acting as match pieces shall be welded 
to the fitting at both ends and subsequently the free ends of the straight lengths shall 
be threaded as per ASTM A-865 for jointing with main pipe. Once welding of fittings 
with match pieces and threading of free ends of match pieces are over, the entire 
fabricated piece shall be galvanized, or in case match pipes and fittings are already 
galvanized before the above mentioned fabrication then suitable application of Zinc-
Silicate paste adequately at the welded surface (both in side & out side) after welding 
with zinc rich electrode, along with the nascent threaded metal portions at both free 
ends given the same application of Zinc Silicate paste. Alternatively flanged jointing 
may be employed for pipe sizes 100 NB and above. However, the bidder shall 
ensure the galvanized pipe joints do not fail during hydro test. 

 
 (c)  Teflon tapes shall be used to seal out screwed joints and shall be applied to the male 

threads only. Threaded parts shall be wiped clean of oil or grease with appropriate 
solvent if necessary and allowing proper time for drying before applying the sealant. 
Pipe ends shall be reamed and all chips shall be removed. Screwed flanges shall be 
attached by screwing the pipe through the flange and the pipe and flange shall be 
refaced accurately. 

 
 (d) For pipe sizes from 350 mm NB to 550 mm NB (including 350 NB & 550 NB) the GI 

pipes shall be of flanged connection. However, the pipes after welding of flanges 
shall be completely galvanized. Any site welding done on galvanized pipes shall be 
done with zinc-rich special electrodes and the welded surfaces whether inside or 
outside shall be coated with zinc-silicate paste. Seal welding of flanges with zinc-rich 
electrode will be permitted only when any flange is leak-prone during hydro testing. 

 
 (e) For pipe sizes 600 mm NB and above, the GI pipes shall be of welded connection   

(with zinc-rich special electrodes) followed by application of zinc silicate coating at 
welded surfaces both inside and outside the pipe, except for the last blank/blind 
flange, or, equipment connection where application of zinc-silicate paste after 
welding cannot be done due to inaccessibility of the inside welded surface and where 
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galvanic protection has been impaired due to welding of pipe-to-pipe joint. Thus the 
last erection joint shall be flanged joint. 

 
 
2.06.02  Welded Joints 
 
 (a)  For making up welded joints (butt weld or socket weld) the welding shall be 

performed by manual shielded metal arc process in accordance with the 
requirements specified elsewhere in the spec. Any welder employed for carrying butt 
welding shall be qualified as per ASME section IX for the type of joints he is going to 
weld. Jointing by butt weld, or socket weld shall depend upon the respective piping 
material specifications. 

 
2.06.03  Flanged Joints 
 
 (a)  Flanged connections for pipes are to be kept to the minimum and used only for 

connections to vessel, equipments, flanged valves and other fittings like 
strainer/traps/orifices etc. for ease of connection and maintenance etc. Rubber lined 
pipes shall be flange joined only. 

 
 (b)  All flanged valves intended for installation on steel piping system, shall have their 

flanges drilled to ANSI B 16.5 (or equivalent) and according to the pressure class 
stated in their respective piping material specification. 

 
 (c)  Drilling on flanges of flanged valves must correspond to the drilling of flanges on the 

piping system on which the valves are installed. 
 
2.07.00  Bends/elbows/mitre bends/ Tees/ Reducers & other fittings 
 
2.07.01  For pipe fittings such as elbows (long radius), reducers, tees, etc. the material shall be to 

ASTM-A-234 Gr. WPB/ASTM-105 up to 300 NB. For pipe fittings above 300 NB, the fittings 
may be fabricated conforming to parent pipe material. Provision of compensation pads shall 
be kept as per ANSI B 31.1. The fitting shall conform to the dimensional standard of ANSI B-
16.9/ 16.11.Further branching in pipes for sizes 65nb and above is also acceptable (ANSI B 
31.1). 

 
 However, for pipes up to 150 NB, pipe fittings may be supplied with material and dimension 

conforming to IS 1239 in case parent pipes also conform to IS 1239. 
 
2.07.02  For pipe size 350Nb and above mitre bends may be used for all pipes except rubber lined 

pipes. However, mitre bends are also acceptable for rubber lined pipes above 1200 NB. The 
bend radius shall be 1½ times the nominal pipe diameter. 90 deg. bends (mitre) shall be in 4 
pieces (3 cuts) and 45 deg. mitre bends shall be in 3 pieces 22½ deg. Fabrication of mitre 
bends shall be as detailed in BS 2633/BS534. 

 
2.07.03  For pipes, above 1200 NB, reducer and tees shall be to dimensional standard of AWWA-C-

208.  
2.07.04 Stainless steel fittings shall conform to either ASTM-A-182 Gr. 304 or ASTM-A-403 Grade 

WP. 304 Class-S, for sizes upto and including 50 mm NB, i.e. the fittings shall be of 
seamless construction. However, for stainless fittings above 50 mm NB, the same shall 
conform to ASTM-A-403 Gr. WP 304 Class W i.e. the fittings shall be of welded construction 
strictly in accordance with ASTM-A-403. 

2.07.07 In no case, the thickness of fittings shall be less than the thickness of parent pipe, 
irrespective of material of construction. 

 
2.08.00  Flanges 
 
2.08.01  Flanges shall be slip on type or weld neck type. Welding of flanges in tension is not                  

permitted. 
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2.08.02  All flanges and-flanged drilling shall be to ANSI B 16.5 / BS EN-1092 / AWWA C - 207 of 

relevant pressure/temperature class. Flanges shall be fabricated from steel plates 
conforming to ASTM A 105/IS 2062 Gr. E-250B. However stainless steel flanges shall be 
fabricated from SS plates to ASTM-A-240, Gr. 304  or equivalent. 
 
 

2.09.00  Specific technical requirement of laying buried pipe with anti-corrosive treatment 
 

The pipe in general shall be laid with the top of the pipe minimum 1.0 (one) meter below 
finished general ground level. 

 
2.09.01  Trenching 
 
 (a)  The trench shall be cut true to the line and level and shall follow the gradient of the 

pipeline. The width of the trench shall be sufficient to give free working space on 
each side of the pipe. Trenches shall conform to IS 5822 or any international 
standard.   

 
2.09.02  Preparation and cleaning of piping 
 
 (a)  The pipeline shall be thoroughly cleaned of all rust, grease, dirt, weld scales and 

weld burrs etc. moisture or other foreign matter by power cleaning method such as 
sand or grit blasting, power tool cleaning, etc. Grease or heavy oil shall be removed 
by washing with a volatile solvent such as gasoline. Certain inaccessible portions of 
the pipeline (which otherwise not possible to be cleaned by power cleaning methods) 
may be scrubbed manually with a stiff wire brush and scrapped where necessary 
with specific permission of the Project Manager. 

 
 (b)  On the internal surface for pipes 1000 Nb and above, a coat of primer followed by a 

hot coal-tar enamel or coal tar epoxy painting (cold) shall be applied.  
 
2.09.03  Coating and wrapping/ Anti corrosive Protection Coal tar tape 
 
 a.  Buried piping shall be coated and wrapped, as per specification, after completion of 

welded and/or flanged connections, and after completion and approval of Hydro 
testing. Materials to be used for coating and wrapping of underground pipelines are: 

 
  (1)  Coating primer (coal tar primer) 
 
  (2)  Coating enamel (coal tar enamel) 
 
  (3)  Wrapping materials. 
 
  All primer/coating/wrapping materials and methods of application shall conform to IS: 

10221 except asphalt/bitumen material. Materials (primer/coating/wrapping) as per 
AWWA-C-203 are also acceptable. 

 
 Protective coating shall consist of coal tar primer, coal tar enamel coating, glass 

fiber, tissue inner wrap followed by glass fiber or coal tar impregnated Kraft outer 
wrap or finish coat. 

 Number of coats and wraps, minimum thickness for each layer of application shall be 
as per IS-10221. Number of. Coats and wraps shall be decided based on soil 
corrosivity/resistivity as indicated in IS-10221. Soil data-for this purpose shall be 
made available. 

 
  Total thickness of completed coating and wrapping shall not be less than 4.0 mm. 
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 b.  Alternatively, the anti-corrosive protection for buried pipes can consist of anti-
corrosive protection Coal-tar tapes. Material and application of tapes shall conform to 
IS 15337 or equivalent. These-tapes shall be applied hot over the cold coal tar 
primer in steps of 2mm thickness so as to  cover the spiral edges  of the first tape by 
the application of second tape. The total thickness of the finished protective coating 
shall be 4.0 mm minimum. 

 
2.09.04  Trench bed preparation and back filling 
 

Prior to lowering and laying pipe in any excavated trench, the bottom of the trench may 
require to be back filled and compacted (or as the case may be) to provide an acceptable 
bed for placing the pipe. Bed preparation in general shall be as per IS: 5822. 
 
 

2.09.05  Laying of galvanized steel (GI) pipes 
 

All the joints shall be screwed with socket or flanged. Screwed ends of GI pipes shall be 
thoroughly cleaned and painted with a mixture of red and white lead before jointing Threaded 
portion on either side of the socket joint shall be applied with Zinc silicate paste. 
 
All the provisions for trenching' bed preparation' laying the pipe application of primer' coating' 
wrapping with tapes and back filling etc. as indicated for "laying of buried piping" and " anti 
corrosive protection for buried piping" are applicable for buried galvanized steel (GI) pipes 
also. 
 

2.10.00  Cleaning and flushing 
 
2.10.01  All piping shall be cleaned by the Bidder before and after erection to remove grease, dirt, 

dust, scale and welding slag. 
 
2.10.02  Before erection all pipe work, assemblies, sub-assemblies, fittings, and components, etc. 

shall be thoroughly cleaned internally and externally by blast cleaning or by power driven 
wire brushes and followed by air-blowing . However for pipe sizes below 100nb the pipes 
may be cleaned internally by compressed air blowing as an alternative to internal blast 
cleaning. The brushes shall be of the same or similar material as the metal being cleaned. 
Cleaning of Galvanized pipes shall be done by air blowing only. 

 
2.10.03  After erection, all water lines shall be mass flushed with water. The cleaning velocities in 

water lines shall be 1.2-1.5 times the operating velocities in the pipelines. 
 
2.10.04  All compressed air pipe work shall be cleaned by blowing compressed air. 
 
2.11.00  Specification for hangers and supports 
 
2.11.01  All supports and parts shall conform to the requirement of power piping code ANSI B 31.1 or 

approved equivalent. 
 
2.11.02  The maximum spans of the supports of straight length shall not exceed the recommended 

values indicated in ANSI B 31.1. 
   2.11.03  At all sliding surfaces of supports suitable arrangement is to be provided to minimize sliding 

friction. 

 2.12.00  Design/Construction/Material Particulars of Gate/ Globe /Check /Butterfly / Ball / Air 
release /Float valves / Moisture Traps. 

2.12.01  GENERAL 
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 (a)  All valves shall have indicators or direction clearly marked on the hand-wheel so that 

the valves opening/closing can be readily determined. 
 
 (b)  Special attention shall be given to operating mechanism for large size valves with a 

view to obtaining quick and easy operation ensuring that a minimum of maintenance 
is required.  

 
 (c)  The valves coming in vacuum lines shall be of extended gland type and/or water 

sealed. 
 

 (d)  The actuator-operated valves shall be designed on the basis of the following: 

 (1)  The internal parts shall be suitable to support the pressure caused by the 
actuators; 

 
              (2)  The valve-actuator unit shall be suitably stiff so as not to cause vibrations, 

misalignments, etc. 
 
              (3)  All actuator-operated valves shall be provided with hand operated gearing    

mechanism also. 
 
              (4)  All actuators operated valves shall open/ close fully within time required      

by the process.  
 
 (e)  Valves coming under the purview of IBR shall meet IBR requirements.  
 
 (f) All valves shall be provided with embossed name plate giving details such as tag 

number, type, size etc. 
 
 (g) Wherever required valves shall be provided with chain operator, extension spindles 

and floor stands or any other arrangement approved by employer so that they can be 
operated with ease from the nearest operating floor. Wherever necessary for safety 
purpose locking device shall be provided. Further, necessary small platforms for 
facilitating easy valve operation shall be provided by the contractor wherever 
necessary in consultation with project manager within the bid price at no extra cost to 
employer 

 
2.12.02 VALVE BODY MATERIAL 
 
 Valve body material for various services shall be as follows: 
 

Valve body material for water application like   Secondary circuit auxiliary cooling water of 
ECW system, Raw water, Ash water make-up, service water, clarified water, DM cooling 
water (pH corrected) , drinking water  etc. shall be cast iron for sizes 65NB and above; gun-
metal for sizes 50 Nb and below. 

 
For compressed air application, valve body material shall be cast carbon steel or forged 
carbon steel for sizes 65 mm NB & above and Gun metal for sizes 50 NB and below. 

 
DM water: SS body and disc along with SS internals. However for butterfly valves, Cast Iron 
/Ductile Iron/SG iron/carbon steel body and disc with elastomer   lining are also acceptable. 

 
 Condensate: Cast Carbon Steel / Forged Carbon Steel. 
 
2.12.03  The design, material, construction, manufacture, inspection, testing and performance of 

valves shall comply with all currently applicable statutes, regulations and safety codes in the 
locality where the valves will be installed. The valves shall conform to the latest editions of 
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applicable codes and standards as mentioned elsewhere. Nothing in this specification shall 
be construed to relieve the Bidder of his responsibility. Valves in general shall conform to the 
requirements of the following standards. 

 
 Standards and Codes 
 
 AWWA-C-504 Rubber seated butterfly valves. 
 

 BS-5155/EN-593 Cast iron and steel body butterfly valves for general       
purpose. 

                         IS-778 Gun-metal gate, globe and check valves for general    
purpose. 

 
 BS-5154 Copper alloy globe/globe stop and check and gate       

valves for general purpose. 
 IS-780 Sluice valves for water works purpose (50-300 mm size) 
 
 IS-2906 Sluice valves for water works purpose (350-1200   mm size) 
 

 IS-5150 Cast iron wedge and double disc gate for general               
purpose. 

 
 BS-5152   Specification for cast iron globe valves. 
 
 BS-5153   Cast iron check valves for general purpose. 
 
 IS-5312    Swing check type reflux (non-return) valves. 
 
 ANSI B 16.34     Standard for valves. 
 
 API-594     Standard for Dual-check valves. 
 
 API-600      Steel gate valves. 
 
 ANSI-B-16.10     Valves face to face and other relevant dimension. 
 
 API-598     Valves inspection test. 
 
2.12.04  End Connections 
 
 The end connections, shall comply with the following: 
 
 Socket welding (SW) - ANSI B 16.11 
 
 Butt Welding (BW) - ANSI B 16.25. 
 
 Threaded (SC) - ANSI B 2.1 
 
 Flanged (FL) - ANSI B 16.5& AWWA-C-207 (steel flanges), ANSI B 16.1 (Cast Iron flanges). 
 
2.13.00 Gate/Globe/Check Valves  
  
 (a) All cast iron body valves (gate, globe and non-return) shall have flanged end 

connections; (screwed ends for Ductile D.2NI body valves are not acceptable). 
 

                               (b) All steel and stainless steel body valves of sizes 65 mm and above shall have 
flanged or butt welding ends. Valves of sizes below 65mm shall have flanged or 
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socket welded ends. Compatibility of welding between valve body material and 
connecting pipe material is a pre-requisite in case of butt-welded joints. 

                             (c) All gun metal body valves shall have screwed ends. 

 (d) All flanged end valves/specialties. shall be furnished along with matching counter  
flanges, fasteners, gaskets etc. as required to complete the joints. 

 (e) Gate/sluice valves shall be used for isolation of flow.  All gate valves shall be of the 
full-way type, and when in the full open position the bore of the valve shall not be 
constricted by any part of the gate. 

 
  Gate valves shall be of the solid/elastic or articulated wedge disc. Gate valves shall 

be provided with the following accessories in addition to other standard items: 
 
  (1)  Hand wheel 
 
  (2)  Position indicator (for above 50 mm NB valve size) 
 
  (3)  Draining arrangement wherever required. 
 
 (f)  Globe valves shall be used for regulation purposes. They shall be provided with hand 

wheel, position indicator, draining arrangement (wherever required) and arrow 
indicating flow direction. Preferably, the valves shall be of the vertical stem type. 
Globe valves shall preferably have radiused or spherical seating and discs shall be 
free to revolve on the spindle. 

 
  The pressure shall preferably be under the disc of the valve. However, globe valves, 

with pressure over the disc shall also be accepted provided (i) no possibility exists 
that flow from above the disc can remove either the disc from stem or component 
from disc (ii) manual globe valves can easily be operated by hand. If the fluid load on 
the top of the disc is higher than 40-60 KN, bypass valve shall be provided which 
permits the downstream system to be pressurized before the globe valve is opened. 

 
 (g)  Check valves shall be used for non-return service. They shall be swing. check type 

or double door (Dual plate)check type with a permanent arrow inscription on the 
valve body indicating the fluid flow direction. In long distance pipes lines with 
possibility of surge-occurrence, dual plate check valves are preferable for its spring 
controlled opening /closing of flaps/doors against flow reversals. However, dual plate 
check valves shall not be used for sizes more than 600mm NB. 

 
 (h) For bore greater than 2" the valves must be swing check type or dual plate check 

type suitable for installation in all positions (vertical and horizontal); 
 
 (i)  For bore smaller than or equal to 2" the valves must be of the piston type to be 

installed, in horizontal position. 
 
 (j)  All gate and globe valves shall be provided with back seating arrangement to enable 

on line changing of gland packing. The valves shall be preferably outside screw & 
yoke type. 

 
 (k)  All gate and globe valves shall be rising stem type and shall have limit switches for 

full OPEN and full CLOSED indication wherever required. This will include motor-
operated valves also wherever required. In such cases the limit switches shall form 
an integral part of the valve. Stop-gap arrangement in this respect is not acceptable. 
  

 (l)  All valves except those with rising stems shall be provided with continuous 
mechanical position indicators; rising stem valves shall have only visual indication 
through plastic/metallic stem cover for sizes above 50 mm nominal bore. 
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 (m)  For Cl gate, globe and check valves wherever thickness of body/bonnet is not 

mentioned in the valves standards, thickness mentioned in IS- 1538 for fitting shall 
be applicable. 

 
2.13.01  MATERIAL OF CONSTRUCTION (GATE/GLOBE/CHECK VALVE) 
 
 (a)  The materials shall generally comply with the following: 

  (1)  Cast Steel Valves 

    Body & bonnet   ASTM A 216 Gr. WCB/ 
       ASTM A 105 
 
   Disc for non-return   ASTM A 216 Gr. WCB/ 
   Valves    ASTM A 105 
 
   Trim.    ASTM A 182 Gr. F6 or Equivalent 
 
  (2)  Stainless steel valves 
    
   Body & Bonnet              SS 304 
         
   Disc    -do- 
 
   Trim.               SS 316 

       
  (3)  Cast iron valves  
 
   Body & bonnet   BS 1452 Gr. 14/ IS-210 Gr. FG 260 
 
   Seating surfaces and rings 13% chromium steel/ 13% Chrome 
       overlay 
 
   Disc for non-return valves BS 1452 Gr. 14/IS-210 Gr FG 260 
 
   Hinge pin for non-return valves AISI 316 
 
   Stem for gate globe valves 13% chromium steel or Equivalent 
 
   Back seat   13 % chromium steel / 13% Chrome 
       overlay 
 
  (4)  Gun Metal valves 
 
   Body and bonnet  IS 318 Gr. 2/ Equivalent 
       Standard 
 
   Trim.    -do- 
   
 (b)  Cast iron body valves shall have high alloy steel stem and seat. 
 

(c) Material for counter flanges shall be the same as for the piping. 
 

(d) Forged carbon steel valves are also acceptable in place of Gun metal valves. 
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2.14.00  Air Release Valve 
 
 (a)  The air release valves shall be of automatic double air valve with two orifices and two 

floats. The float shall not close the valve at higher air velocities. The orifice contact 
joint with the float shall be leak tight joint. 

 
 (b)  The valve shall efficiently discharge the displaced air automatically from ducts/pipes 

while filling them and admit air automatically into the ducts/pipes while they are being 
emptied. The valve shall also automatically release trapped air from ducts/pipes 
during operation at the normal working pressure. 

 
 

 (c)  Body material of automatic air release valves shall comply generally with BS 1452 
Gr. 14/IS: 210 Gr. FG 260. and spindle shall conform to high tensile brass.   

 
 (d)  Air release valves shall not have any integral isolation device within them. Each Air 

release valve shall be mounted, preceded by a separate isolation gate/ butterfly 
valve. 

 
2.15.00 Butterfly valves 
 
2.15.01  Design/Construction 
 

(a)  The valves shall be designed for the design pressure/temperature of the system on 
which it is installed and in accordance with AWWA-C-504, EN-593 or AWWA-C-516 
or any other approved equivalent standard latest edition depending on size. 
Fabricated steel (IS: 2062 GR. E-250B) butterfly valves instead of cast iron body 
valves are also acceptable for size above 300 mm nb diameter. 

 
  (b)      The valves shall be suitable for installation in any position (horizontal/vertical etc.) 
             and shall be generally  of double-flanged construction. However for sizes 600 NB 
             and below the valves of Wafer construction are also acceptable 
              
  (c) Valves-350Nb and above shall have pressure equalizing bypass valves, wherever 

system parameters warrant the same. 
 
 (d) Valves-200Nb and above shall also be provided with gear operator arrangement as a 

standard practice suitable for manual operation. Manual operation of valve shall be 
through gear arrangement having totally enclosed gearing with hand wheel diameter 
and gear ratio designed to meet the required operating torque It shall be designed to 
hold the valve disc in intermediate position between full open and full closed position 
without creeping or fluttering. Adjustable stops shall be provided to prevent over 
travel in either direction. 

 
Limit and torque switches (if applicable) shall be enclosed in water tight enclosures 
along with suitable space heaters for motor actuated valves, which may be either for 
On-Off operation or inching operation with position transmitter. 

 
 
2.15.02 Material of Construction (Butterfly Valves) 
 
 Materials and other design details shall be as indicated below : 
 
 (a)  Cast Iron Butterfly Valves 
 
 Body & Disc       ASTM A48, Gr. 40 with 2% Ni / 
                    IS: 210. Gr. FG-260, with 2% Ni / SG iron BSEN 1563, Gr  
                  EN GJS-400-15 with 2%Ni and  epoxy coated 
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       Shaft   BS 970 431 S: 291 / EN 57, or  
     AISI-410 or AWWA-permitted shaft    
                 material equivalent to EN-57/AISI-410 or better. 
 

      Seat ring               18-8 Stainless steel  

       Seal                             Nitrile Rubber 

 
 (b)  Stainless Steel Butterfly Valves 
 
           Body & Disc  SS 304 
.     
  Shaft                SS 316 
 
  Seat Rings              EPT/BUNA-N/Neoprene 
 
 (c)  Carbon steel Butterfly Valves 
 
 Body & Disc  ASTM A 216, Gr. WCB 
 
 Shaft     SS 304 
 
 Disc & Seat Rings EPT/BUNA-N/Neoprene 
 
 (d)        Elstomer lined Butterfly Valves 
 
           Body & Disc   ASTM A48, Gr. 40  / IS: 210. Gr. FG-260 / SG Iron (ductile 

iron) IS 1865 Gr 400-15 or BSEN  1563, Gr EN GJS-400-15 
/ ASTM A 216, Gr. WCB  with elastomer lining. 

 
           Shaft SS 316 
 
2.15.03 Proof of Design Test (Type Test) for Butterfly Valves  
 

Proof of Design (P.O.D.) test certificates shall be furnished by the bidder for all 
applicable size-ranges and classes of Butterfly valves supplied by him, in the 
absence of which actual P.O.D. test shall be conducted by the bidder.  

 
All valves that are designed and manufactured as per AWWA-C-504 / AWWA-C-516 
shall be governed by the relevant clauses of P.O.D test in AWWA-C-504/AWWA-C-
516. For Butterfly valves, designed and manufactured to EN-593 or equivalent, the 
P.O.D. test methods and procedures shall generally follow the guidelines of AWWA-
C-504 in all respect except that Body & seat hydro test and disc-strength test shall 
be conducted at the pressures specified in EN-593 or the applicable code. Actuators 
shall also meet requirements of P.O.D. test of AWWA-C-504/AWWA-C-516. 

2.16.00 Float operated valves 
 
 (a)  Valve shall automatically control the rate of filling and will shut off when a 

predetermined level is reached and close to prevent over flow on pre-set maximum 
water level. Valve shall also open and close in direct proportion to rise or fall of water 
level. 

 
 (b)  DESIGN AND CONSTRUCTION FEATURES 
 

The following design and construction feature of the valve shall be the minimum 
acceptable. 
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 (c)  Valves shall be right-angled or globe pattern. 
 
 (d)  Valves shall be balance piston type with float ball. 
 
 (e)  Leather liner shall not be provided. 
 
 (f)  The body and cover material shall be cast iron conforming to ASTM-A 126 Grade 'B' 

or IS: 210 Grade 200 or equivalent, and Float shall be of copper with epoxy painting 
of two (2) coats.  

 
 (g)  Valves shall be suitable for flow velocities of 2 to 2.5m/sec. 
 
 (h)  The valves shall have flanged connections. 
 
2.17.00  Tanks and Accessories 
 
2.17.01  The designer and manufacturer of storage tanks shall comply with and obtain approval of all 

currently applicable statutory regulations and safety codes in the locality where the 
equipment will be installed. The tanks shall conform to IS 803/IS804/IS 805/ IS 2825/ API 
650/ IS 4049/ IS 4682 (part-I) and IS 4864 to 4870/ ASME B & PV code Sec.-VIII as the case 
may be. 

 
2.17.02 DESIGN AND CONSTRUCTION 
 
 (a)  Design of all vertical atmospheric storage tanks containing water, acid, alkali and 

other chemical shall conform to IS:803 & API 650. 
 
 (b)  Design of all horizontal atmospheric storage tanks containing water, acid, alkali and 

other chemicals shall generally conform to IS:2825 as regards to fabrication and 
general construction taking care of combined bending, shear & hoop stresses 
developed due to supporting arrangement. 

 
 (c)  Tank shall be made from mild steel plates to BS 4360/IS-2062 Gr.E-250B (or 

equivalent) for ordinary wafer application when it is not corrosive in nature. 
 
 (f)  Tank shall be provided with suitable supporting joints. All vessels shall be provided 

with lifting lugs, eye bolts etc. for effective handling during erection. 
 
 (j)  Tanks shall be provided with float operated level indicators/level gauges/level 

transmitters and level switches, as required, with complete assembly. Suitable 
flanged pads for level switches mounting shall also be provided. The level indicator 
can be top or side mounted as the case may be. 

 
(k)  In addition to inlet and outlet nozzles, the tanks shall be provided with vents, 

overflow, drain nozzles complete for various connections on tanks. Overflow lines 
from storage tanks is to be routed to the nearest surface drains. For tanks containing 
dm water, alkaline water or power cycle water the vent to atmosphere shall be 
through carbon-di-oxide absorber vessel suitably mounted on the tank. CO2 
absorber vessel shall be provided with the initial fill of chemicals. 

 
 (l)  Tanks shall have suitable stairs/ladders on inside and outside of the tanks, 

manholes/inspection covers as required and also platform suitably located. 
  
 (m)  Tank supporting arrangement as approved by Employer shall be provided with all 

plates/angles/joints/flats and supporting attachment including lugs, saddles, legs etc. 
  
 (o)  Tank fabrication drg. and design calculations shall be approved by the Project 

Manager. 
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2.17.03  Corrosion protection 
 
 (a)  A corrosion allowance, applicable to surface in contact with corrosive media, when 

required after thorough cleaning by blast cleaning preceded by wire brushing shall be 
taken into consideration. 

 
 (b)  Manholes shall be provided for easy access into the vessels. The size shall be 

minimum 500 mm and will be with cover plate, nuts bolts, etc. to ensure leak 
tightness at the test pressure. 

 
 (c)  Each tank shall be provided with drilled cleats welded to the tank for electrical 

grounding. Material of cleats shall be same as that of the shell. 
 . ------------------------------------------------------------------------------------------------------------ 
 Sl. No. Description Tech. Particulars 
 ----------------------------------------------------------------------------------------------------------------------- 
 DRINKING WATER TANK 
 
 a) Quantity One per each Unit 
 
 b) Liquid to be handled Drinking Water 
 
 c) Size and Min. Plate Thickness 5m long x 2.5m wide x 2.5m 
    high; Plate Thk. (min.) 8mm 
    Overall Cap.= 31.25 M3 
    (Effective cap.: 25M3). 
 
 d) Type  Pressed steel rectangular tank  
                                                 Closed top/ welded   construction 
 
 e) Design pressure Atmospheric 
 
 f) Tank Standard BS-1564/IS-804 
    (Latest Edition) 
 
 g) Material of Construction Plates to ASTM-A-36/IS-2062  
    Gr.B 
 h) Flange Material Standard ASTM-A-105/IS-2062-Gr. B 
 
 i) Accessories 
 
  (i) Vent, Overflow, drain piping & valve  To be provided 
 
  (ii) Manhole         To be provided 
 
  (iii) Stair/Platform         To be provided  
  
  (iv) Supporting structure   To be provided 
 
  (v) Internal ladder  To be provided 
  (vi)       Level indicator  To be provided 
  (vii)    Root valve for level transmitter  To be provided 
 
 j) Protection of Internal surface                Two coats of food grade epoxy paint 
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 k) Protection of external surface Two coats of EPOXY based 
    paint preceded by one(1) coat 
    of primer. (minimum DFT  
    100 micron) 
 
 l) Location On Power House roof. 
 ………………………………………………………………………………………………………. 
 
 1.00 CONDENSATE STORAGE TANKS 
 
 1.01 Number required one for each unit 
 
 1.02 Capacity of each tank (Effective) 350 Cu.m ( for 660MW units),                               

  
 
 1.03     Size (Dia & Height)/Plate Thickness             8.6mX7.2m minimum,   
                                                                                                                Shell & Roof plate                                                              
                                                           Thickness 8mm and 
    Base plate thickness 10mm 
 
 1.04 Type and pressure class Vertical, cylindrical, atmospheric 
 
 1.05 Material of construction MS- (IS-2062 Gr.B or equivalent) 
    as per specified code, 8mm 
    thickness (minimum) 
 
 1.06   Location  Outdoor 
 
 1.07 Overflow, drain, vent and  required 
  Sample connection(piping &valve) 
 
 1.08 Level Indicator 
 
  a) Number One for each tank 
 
  b) Type Mechanical float type with dial 
    type indicator (Guide wire, Float 
    and Housing of Stainless steel - 
    316 Gr. construction) 
 
 1.09 Manhole (minimum 500mm Two (2)-one on shell and the 
  size)  other on roof 
 
 1.10 Special Fittings 
 
  a) Hydraulic Seal of  Required 
   Overflow/Drain 
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  b) Additional nozzle  number and size to be indicated 
   Connection to successful Bidder 
 
 
  c) Nozzle connection for Three (3) nos. for each tank 
   Instrument/spare 
  
  d) CO2 Absorber for vent required 
   (not to be kept on roof  
   of tank, but to be kept  
   on ground level) 
  e) Outside stair case (spiral) required 
 
  f) Inside Ladder Required 
 
  g) Draw off sump required 
 
  h) Root valve for level  Root valves for two (2) nos. 
   Transmitter level transmitter for each tank 
    Required 
 ---------------------------------------------------------------------------------------------------------------------- 
  
2.18.00  RUBBER EXPANSION JOINTS 
 
2.18.01  All parts of expansion joints shall be suitably designed for all stresses that may occur during 

continuous operation and for any additional stresses that may occur during installation and 
also during transient condition. 

 
2.18.02 The expansion joints shall be single bellow rubber expansion joints. The arches of the 

expansion joints shall be filled with soft rubber. 
 
2.18.03 The tube (i.e. inner cover) and the cover (outer) shall be made of natural or synthetic rubber 

of adequate hardness. The shore hardness shall not be less than 60 deg. A for outer and 50 
deg. A for inner cover. 

 
2.18.04 The carcass between the tube and the cover shall be made of high quality cotton duck, 

preferably, square woven to provide equal strength in both directions of the weave. The 
fabric plies shall be impregnated with age resistant rubber or synthetic compound and 
laminated into a unit. 

 
2.18.05  Reinforcement, consisting of solid metal rings embedded in carcass shall be provided. 
 
2.18.06  Expansion joints shall be complete with stretcher bolt assembly. The expansion joints shall 

be suitable to absorb piping movements and accommodate mismatch between pipe lines. 
 
2.18.07  The expansion joints shall be of heavy duty construction made of high grade abrasion-

resistant natural or synthetic rubber compound. The basic fabric for the' duck' shall be either 
a superior quality braided cotton or synthetic fibre having maximum flexibility and non-set 
characteristic. 

 
2.18.08  The expansion joints shall be adequately reinforced, with solid steel rings, to meet the 

service conditions under which they are to operate. 
 
2.18.09  All expansion joints shall be provided with stainless steel retaining rings for DM water 

application and IS 2062 Gr E-250B galvanized steel retaining rings for ordinary water for use 
on the inner face of the rubber flanges, to prevent any possibility of damage to the rubber 
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when the bolts are tightened. These rings shall be split and beveled type for easy installation 
and replacement and shall be drilled to match the drilling on the end rubber flanges and shall 
be in two or more pieces. 

 
             2.18.10  The expansion joints shall have integral fabric reinforced full-face rubber flanges. The bolt on 

one flange shall have no eccentricity in relation to the corresponding bolt hole on the flange 
on the other face. The end rubber flanges shall be drilled to suit the companion pipe flanges. 

 The flanges shall be as per ANSI B 16.5. For higher sizes, not covered under ANSI B 16.5, 
the same shall be as per AWWA. 

 
2.18.11  All exposed surfaces of the expansion joint shall be given a 3 mm thick coating of neoprene. 

This surface shall be reasonably uniform and free from any blisters, porosity and other 
surface defects. 

 
2.18.12  Each control unit shall consist of two (2) numbers of triangular stretcher bolt plates, a 

stretcher bolt with washers, nuts, and lock nuts. Each plate shall be drilled with three holes, 
two for fixing the plate on to the companion steel flange and the third for fixing the stretcher 
bolt. 
 

2.18.13  Each joint shall have a permanently attached brass or stainless steel metal tag indicating the 
tag numbers and other salient design features. 

 
2.18.14  Bidder to note that any metallic part which comes in contact with DM /corrosive water shall 

be of Stainless Steel material. 
  
2.18.15 Life cycle test for RE Joints of Condenser CW Inlet Outlet lines: 
 
 Life cycle test  certificates shall be furnished by the bidder for each type and size of RE joints 

supplied by  the Bidder,  in the absence of which actual Life cycle  test shall be conducted on 
one rubber expansion joint of each type and size . 

 
 
2.19.00 STRAINERS  
 
2.19.01  Simplex type 
 

The strainers shall be basket type and of simplex construction. The strainer shall be provided 
with plugged drain/blow off and vent connections. The free area of the strainer element shall 
be at least four (4) times the internal area of the connecting pipe lines. The strainer element 
shall be 20 mesh. Pressure drop across the strainers in new condition shall not exceed 1.5 
MCW at full flow. Wire mesh of the strainers shall be suitably reinforced, to avoid buckling 
under operation. Strainer shall have screwed blow off connection fitted with a removable 
plug. The material of construction of various parts shall be as follows: 

  
 (a) Body   IS: 318, Gr. 2 up to 50 mm Nb, and IS: 210 Gr. 

FG 260 above 50 mm Nb. (For DM water/ -Body: AISI                             
316 or equivalent) 

 
 (b) Strainer   Stainless steel (AISI 316) 
  Element   
 
 (c) End connection  Screwed upto 50 mm Nb, and 
     Flanged above 50 mm Nb 
 
2.19.02  Duplex type 
 
 (a)  The strainers shall be basket type and of duplex construction. The strainer shall be 

provided with plugged drain/blow off and vent connections. The free area of the 
strainer element shall be at least four (4) times the internal area of the connecting 
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pipe. The mesh of strainer element shall be commensurate with the actual service 
required. Pressure drop across the strainer in new condition shall not exceed 4.0 
MWC at full flow. 

 
(b)  Wire mesh (if applicable) of the strainers shall be suitably reinforced. The 

material of construction of various parts shall be as follows.  
 
            Body  IS: 318, Gr. 2  

    up to 50 mm Nb, and IS:210,  
    Gr. FG 260 or ASTM-A-515 Gr. 75/IS-2062  

Gr. E-250B and internally epoxy-painted above  50 mm NB. 
 
 Strainer element Stainless steel (AISI 316) 
 
 End connection  Screwed up to 50mm Nb, and 
    Flanged above 50 mm Nb. 

   Gasket shall be of full face type 
 
(c)  The strainer will have a permanent stainless steel tag fixed on the strainer body 

indicating the strainer tag number and service and other salient data. 
 
(d)  The size of the strainer and the flow direction will be indicated on the strainer body 

casting. 
 
(e)  Thickness of the strainer element should be designed to withstand the pressure 

developed within the strainer due to 100% clogged condition exerting shut-off 
pressure on the element.  
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Annexure-I to ECW system Specification

GENERAL SPECIFICATION FOR HORIZONTAL PUMPS

(1) SCOPE 

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

(2) CODES AND STANDARDS 

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

(3) LIST OF APPLICABLE STANDARDS 

IS : 1520 : Horizontal Centrifugal Pumps for clear cold fresh water 

IS : 5120 : Technical requirements of rotodynamic special purpose pumps 

API : 610  : Centrifugal pumps for general refinery service. 

IS : 5639  : Pumps Handling Chemicals & corrosion liquids 

IS : 5659  : Pumps for process water 

HIS          : Hydraulic Institute Standards, USA  

ASTM-1-165-65: Standards Methods for Liquid Penetration Inspection. 

In case of any contradiction with aforesaid standards and the stipulations as per the technical 
specifications as specified hereinafter the stipulations of the technical specifications shall 
prevail. 

(4) DESIGN REQUIREMENTS 

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

(b) The total head capacity curve shall be continuously rising from the operating point 
towards shut off without any zone of instability with the highest head at shut-off
condition. Shut-off head shall be more than the rated design head and the percentage 
variation may vary depending on the specific speed of the pumps (i.e) 10-15% for 
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pumps of specific speed upto1000 US units, about 15 to 20% for specific speed in the 
range of 1000 to 2000 US units, about 20% to 40% for specific speed of 2000 to 4000 
US units and above 50% for specific speed of 4000 to 7000 US Units 

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

(d) Pumps shall run smoothly without undue noise and vibration.  Peak to peak vibration 
limits shall be restricted to the following values during operation:

Speed Antifriction Bearing Sleeve Bearing

1500 rpm and below 75.0 micron 75.0 micron

3000 rpm 50.0 micron           65.0 micron 

The noise level shall not exceed 85 dBA overall sound pressure level reference 0.0002 
microbar (the standard pressure reference for air sound measurement) at a distance of 
1 M from the equipment surface.

(e) The pumps shall be capable of starting with discharge valve fully open and close 
condition. Motors shall be selected to suit to the above requirements.  

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

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

(5) DESIGN CONSTRUCTION

(a) Design and construction of various components of the pumps shall conform to the 
following general specifications. For material of construction of the components, data 
sheets shall be referred to.

(b) Pump Casing

Pump casing shall have axially or radially split type construction as specified. The 
casing shall be designed to withstand the maximum shut-off pressure developed by the 
pump at the pumping temperature.

Pump casing shall be provided with a vent connection and piping with fittings & valves. 
Casing drain as required shall be provided complete with drain valves, piping and 
plugs.  It shall be provided with a connection for suction and discharge pressure gauge 
as standard feature. It shall be structurally sound to provide housing for the pump 
assembly and shall be designed hydraulically to minimum radial load at part load 
operation.

(c) Impeller

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

(d) Impeller/Casing Wearing Rings 

Replaceable type wearing rings shall be provided at suitable locations of pumps as per 
manufacturer's standard practice.  Suitable method of locking the wearing ring shall be 
used.  

(e) Shaft  

The critical speed shall be well away from the operating speed and in no case less than 
130% of the rated speed.  

The shaft shall be ground and polished to final dimensions and shall be adequately 
sized to withstand all stresses from rotor weight, hydraulic loads, vibration and torques 
coming in during operation. 

(f) Shaft Sleeves 

Renewable type fine finished shaft sleeves shall be provided at the stuffing 
boxes/mechanical seals.  Length of the shaft sleeves must extend beyond the outer 
faces of gland packing of seal end plates so as to distinguish between the leakage 
between shaft and shaft sleeve and that past the seals/gland. 

Shaft sleeves shall be fastened to the shaft to prevent any leakage or loosening.  Shaft 
and shaft sleeve assembly should ensure concentric rotation.  

(g) Bearings 

Heavy duty bearings, adequately designed for the type of service specified in the 
enclosed pump data sheet and for long, trouble free operation shall be furnished.

The bearings offered shall be capable of taking both the radial and axial thrust coming 
into play during operation.  In case, sleeve bearings are offered additional thrust 
bearings shall be provided.  Antifriction bearings of standard type, if provided, shall be 
selected for a minimum life 20,000 hrs. of continuous operation at maximum axial and 
radial loads and rated speed. 

Proper lubricating arrangement for the bearings shall be provided.  The design shall be 
such that the bearing lubricating element does not contaminate the liquid pumped.  
Where there is a possibility of liquid entering the bearings suitable arrangement in the 
form of deflectors or any other suitable arrangement must be provided ahead of 
bearings assembly. 

Bearings shall be easily accessible without disturbing the pump assembly.  A drain plug 
shall be provided at the bottom of each bearings housing. 

(h) Stuffing Boxes 

Stuffing boxes of packed ring construction type shall be provided wherever specified.  
Packed ring stuffing boxes shall be properly lubricated and sealed as per service 
requirements and manufacturer's standards.  If external gland sealing is required, it 
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shall be done from the pump discharge.  The Bidder shall provide the necessary piping 
valves, fittings etc. for the gland sealing connection. 

(i) Mechanical Seals 

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

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

(k) Pump Shaft Motor Shaft Coupling 

The pump and motor shafts shall be connected with an adequately sized flexible 
coupling of proven design with a spacer to facilitate dismantling of the pump without 
disturbing the motor.  Necessary coupling guards shall also be provided.

(l) Base Plate

A common base plate mounting both for the pump and motor shall be furnished.  The 
base plate shall be fabricated steel and of rigid construction, suitably ribbed and 
reinforced. Base plate and pump supports shall be so constructed and the piping unit 
so mounted as to minimise misalignment caused by mechanical forces such as normal 
piping strain, internal differential thermal expansion and hydraulic piping thrust.  
Suitable drain troughs and drip lip shall be provided.

(m) Assembly and Dismantling

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

(n) Drive Motor (Prime Mover)

Continuous Motor rating (at 50 0 C ambient) shall be at least ten percent (10%) above 
the maximum load demand of the pump in the entire operating range to take care of the 
system frequency variation and in no case less than the maximum power requirement 
at any condition of the entire characteristic curve of the pump. The KW rating of the 
drive unit shall be based on continuously driving the connected equipment for the 
conditions specified.  However, in cases where parallel operation of the pumps are 
specified, the actual motor rating is to be selected by the Bidder considering 
overloading of the pumps in the event of tripping of operating pump(s).
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Annexure-2 to ECW system Specification

SUBMERSIBLE PUMPS
1.00.00 SCOPE

1.01.00 This specification covers general requirements in respect of design, material, manufacture, 
construction, testing & inspection at Vendor's / sub-vendor's delivery to site, of submersible 
pumps.

2.00.00 CODES AND STANDARD

The design manufacture and performance of submersible pumps shall be comply with all 
currently applicable statues, regulation, and safely codes in the locality where the Equipment 
will be installed. The Equipment shall also conform to the latest applicable Indian standards 
listed below other Nation Standards are acceptable, if they are established to be equal or 
superior to the listed standards. Nothing in these specifications shall be construed to relieve 
the contractor of this responsibility.

2.01.00 List of Applicable Indian Standards

IS:8034 - Submersible pumps for clear cold fresh water

IS:5120 - Technical requirement of Rotodynamic Special 
Purpose pumps.

In case of any contradiction with aforesaid standards and the stipulations as per technical 
specification as specified hereinafter the stipulation of the technical specification shall prevail.

3.00.00 DESIGN AND PERFORMANCE REQUIREMENTS 

a) The pump shall be of single stage mono - block type with non-clog design.

b) Components of Identical  pumps shall be interchangeable. 

c) Pumps shall have a continuously rising head characteristics.

4.00.00 MOTOR RATING

Continuous motor rating (at 50 deg. C ambient) for pumps shall be atleast ten percent (10%) 
above the maximum load demand of the driven equipment in the complete operating range to 
take care of the system frequency variations.

5.00.00 FEATURES OF CONSTRUCTION

a) Pumps shall be of Submersible, wet pit type. 

b) Pumps shall be able to pass through solids upto 40 mm and capable of handling 
waste water which may contain, sludge, plastic solids etc.

c) Coupling device shall ensure leak proof joint between the pump and discharge 
elbow. This shall also enable pump to be removed from the sumps without the 
necessity of dismantling any nuts, bolts etc.  
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d) Pumps shall be portable type and capable of using in any sump as and when 
required. Pump shall be provided with required stool, flexible, hoses chain 
connection etc. for easy installation, removal and maintenance. Adequate length of 
chain required for lowering the pump into the sump and flexible type discharge pipe 
shall be provided.  

e) Impeller 

Impeller type shall be open/semi-closed type/closed as indicated elsewhere. 
Enclosed impellers shall be equipped with seal rings on their hubs. In case of open 
impeller, the pump shall be design to take care of the additional thrust produced.

6.00.00 MOTOR

i) Motor shall be coupled directly to the impeller shaft.

ii) The motor shall be suitable for operation when submersed in water. The housing 
shall have required degree of protection. 

iii) Necessary arrangement to be made to make cable entry absolutely water tight, with 
cores cast in insulation along with cable gland 'O' ring seat. 

iv) Built in temperature sensors are to be provided to enable tipping of motor if 
temperature rises above the design temperature limit. These sensors are to be used 
directly in the circuiting of control panel. The control circuit should trip the motor if the 
temperature  rises beyond safe limits.

v) Moisture sensors are to be embedded in motor chamber to trip the motor in case of 
moisture entry in motor due  to failure of pump mechanical seal.

vi) Motor shall be oil filled/oil lubricated or water filled type. Pressure equalizing 
diaphragm and sand guards with seal shall be provided to prevent the water and 
sand entering the motor. 

vii) Power supply to the motor and control connections shall be preferably combined in 
one cable and shall be flexible copper conductor PVC insulated, armoured and 
overall hard grade PVC sheathed, and suitable for  under water service. The cable 
gland shall be properly  sealed to prevent entry of pumped liquid the motor. Length of 
the cable shall be of suitable for site conditions. The cable shall be terminated on the 
control panel with necessary facility to terminate with the power receptacle.  

viii) For pumps which are specified under portable application, Cable shall be suitable for 
continuous winding/un winding duty on a cable reeling drum and shall be installed on 
a trolley mounted on wheels. Associated control panel is also to be mounted on the 
trolley. 

ix) Water level controller shall be provided which should be with two level controls, high 
to start and low to stop.

7.00.00 Equipment Data Sheet 

Type of pump : Submersible  type fixed inside pits/ sump 
with guides /lifting chains  

Type of Working Fluid : Drains with particle size upto 40 mm 
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Type of impeller              : Open  

Type of lubrication : Self / Grease / Oil  

Speed : Preferrably 1500 rom (maximum)

Material of Construction

a) Casing : 2% Nickel Cast Iron, IS:210 
Grade FG 260; 

b) Impeller  : SS-316  / CF8M

c) Shaft : SS- 410  

d) Bolts & nuts : SS-316   

e) Accessories : Suction Strainer, Pump stand,  Adaptors for 
discharge flange,  Level measuring devices/
Controllers, Lifting hook & chain Handle to 
agitate debris etc, Discharge hose 
connected with piping upto the drains etc. 

f) The discharge, suction /column pipes shall be heavy grade Carbon steel externally
lined with epoxy or galvanised.
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1.0 INTENT OF SPECIFIATION 

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

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

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

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

2.0 CODES AND STANDARDS

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

codes and standards: 

IS:325 Three phase Induction motors 

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

IS: 996 Single phase small AC and universal motors 

IS: 4722 Rotating Electrical machines 

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

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

IS: 1231 Dimensions of three phase foot mounted induction motors 

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

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

different types of driven equipment 

IS: 2148 Flame proof enclosures for electrical appliance 

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

IS: 12824 Type of duty and classes of rating assigned 

IS: 12802 Temperature rise measurement for rotating electrical machnines 

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

IS: 12075 Mechanical vibration of rotating electrical machines 

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

3.0 DESIGN REQUIREMENTS

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

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

in Data sheet-A 

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

other site conditions specified under Project Information 

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

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

3.3 Starting Requirements

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

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

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

equipment. 

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

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

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

the starting period of motors. 

3.3.3 The following frequency of starts shall apply 

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

rated  load temperature. 

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

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

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

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

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

3.4 Running Requirements

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

without injurious heating to the motor. 

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

the rated voltage for duration of 2 secs. 

3.5 Stress During bus Transfer

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

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

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

bus transfer. 

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

torque under above condition. 

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

the values specified in IS 12065. 

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

shall be within the limits specified in IS: 12075. 

4.0 CONSTRUCTIONAL FEATURES

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

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

construction. Outdoor motors shall be installed under a suitable canopy 

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

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

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

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

motors. 

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

facility for drainage at the lowest point. 

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

applicable to Class ‘B’ insulation. 

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

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

4.7 Terminals and Terminal Boxes

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

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

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

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

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

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

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

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

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

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

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

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

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

and reverse rotation. 

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

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

specified in Data Sheet-A. 

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

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

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

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

terminal boxes. 

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

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

shall be of tinned Copper, crimping type. 

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

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

have a grounding terminal. 

4.9 General
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4.9.1 Motors provided for similar drives shall be interchangeable. 

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

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

and above. 

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

Electricity rules 1956. 

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

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

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

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

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

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

for withstanding specified site conditions. 

5.0 INSPECTION AND TESTING

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

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

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

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

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

any commercial implication to purchaser.  

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

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

6.0 DRAWINGS TO BE SUBMITTED AFTER AWARD OF CONTRACT

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

 b) Arrangement drawing of terminal boxes. 

 c) Characteristic curves:  

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

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

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

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

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

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

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

coupling.

iv) Thermal withstand curve under hot and cold conditions at rated 

 voltage and max. permissible voltage. 

SECTION-II
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TITLE 
 
 

LV MOTOR 
 

DATA SHEET - C 
 
 

SPECIFICATION NO.  
                   
VOLUME                     II B 
SECTION    D 
REV   NO. 00   DATE  
SHEET          1       OF    2 

 
  

NAME OF VENDOR  
 
                 SEAL 

 
REV. 

 
   
             NAME         SIGNATURE        DATE   
 

S.  
No. 

Description Data to be filled by successful 
bidder 

A. General  

1 Manufacturer & country of origin  

2 Motor type  

3 Type of starting  

4 Name of the equipment driven by motor & Quantity  

5 Maximum Power requirement of driven equipment  

6 Rated speed of Driven Equipment  

7 Design ambient temperature  

B. Design and Performance Data  

1 Frame size & type designation  

2 Type of duty  

3 Rated Voltage  

4 Permissible variation for   

5 a Voltage  

6 b Frequency  

7 c) Combined voltage & frequency  

8 Rated output at design ambient temp  (by resistance method)  

9 Synchronous speed & Rated slip  

10 Minimum permissible starting voltage  

11 Starting time in sec with mechanism coupled  

12 a) At rated voltage  

13 b) At min starting voltage  

14 Locked rotor current as percentage of FLC (including IS tolerance)  

15 Torque  

 a) Starting  

 b) Maximum  

16 Permissible temp rise at rated output over ambient temp & method  

17 Noise level at 1.0 m (dB  

18 Amplitude of vibration  

19 Efficiency & P.F. at rated voltage & frequency  

 a) At 100% load  

 c) At 75% load  
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NAME OF VENDOR  
 
                 SEAL 

 
REV. 

 
   
             NAME         SIGNATURE        DATE   
 

S.  
No. 

Description Data to be filled by successful 
bidder 

 c) At starting  

C. Constructional Features  

1 Method of connection of motor driven equipment  

2 Applicable Standard  

3 DOP of Enclosure  

4 Method of cooling  

5 Class of insulation  

6 Main terminal box  

 a) Type  

 b) Power Cable details  (Conductor, size, armour/unarmour)  

 c) Cable Gland  & lugs details (Size, type & material)  

 d) Permissible Fault level ( kArms & duration in sec)  

7 Space heater details (Voltage & watts)  

8 Flame proof motor details (if applicable)  

 a) Enclosure  

 b) suitability for hazardous area  
i Zone O / I / II 

 ii Group IIA / IIB / IIC 

9 No. of Stator winding  

10 Winding connection  

11 Kind of rotor winding  

12 Kind of bearings  

13 Direction of rotation when viewed from NDE  

14 Paint Shade & type  

15 Net weight of motor  

16 Outline mounting drawing No (To be enclosed as annexure)  

D. Characteristic curves/ drawings   
(To be enclosed for motors of rating  55KW)  

 

 a) Torque speed characteristic  

 b) Thermal withstand characteristic  

 c) Current vs time  

 d) Speed vs time  
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DOCUMENT TITLE

CONDUITS AND PIPES

SPECIFICATION NO. PES-507-27
VOLUME  II B
SECTION   D
REVISION  0 DATE:  27/10/2010
SHEET          2 OF  6

�
�
1.0 GENERAL 

1.1 This specification covers the manufacture, inspection & testing at vendor’s works and delivery to site of conduits,  
pipes and their fittings for electrical installation.

2.0 CODES AND STANDARDS

2.1 The material, constructional features and various processes involved in manufacture shall comply with currently 
applicable Indian Standards.

2.2 The following Indian Standards shall be applicable, in general. However if Data Sheet A specifies conformance to 
other international standards, the equivalent IEC/BS/other standards shall be considered.  

a)  IS:9537 (All Parts) Conduits for electrical installation.

b)  IS:3480  Flexible steel conduits for electrical wiring.

c)  IS:6946  Flexible non-metallic conduits for electrical installation.

d)  IS:1239  Mild steel tubes, tubulars and other wrought steel fittings.
    (for size above 63mm dia of rigid conduits)

e)  IS:2667  Fittings for rigid steel conduits for electrical wiring.

 f)  IS:3837  Accessories for rigid steel conduits for electrical wiring.

g)  IS:3419  Fittings for rigid non-metallic conduits.

h)  IS:6005  Code of practice for phostating iron & steel.

i)  IS:2629  Recommended practice for hot dip galvanizing on iron and steel.

j)  IS:4759  Specification for hot dip zinc coatings on structural steel and allied 
products.

k)  IS:6745  Methods for determination of mass of zinc coating on zinc coated iron 
and steel articles.

3.0 DESIGN REQUIREMENTS AND CONSTRUCTIONAL FEATURES 

The conduit and conduit accessories shall include conduit plugs & caps, gaskets and box cover etc in addition to 
any specific requirement given in Data Sheet A. The diameter of conduits and accessories shall be uniform 
throughout the length.

  
3.1 Rigid Conduits and Fittings

3.1.1 Rigid conduits shall generally conform to the requirements of IS:9537 (Part I & Part II). However conduits above 
63mm diameter shall conform to the requirements of IS:1239. Unless specified otherwise in Data Sheet A, all 
conduits and pipes shall be of medium duty.

PAGE 36 OF 58
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3.1.2 The rigid conduits shall be hot dip galvanized inside and outside. Weight of zinc shall be as per IS:4759. Conduits 
shall be thoroughly cleaned and pretreated, conforming to IS:6005.

3.1.3 Conduits shall be supplied in approximate length as specified below

a) Rigid Conduits   5  metres

b) Flexible Conduits 10 - 30  metres

3.1.4 Each end of conduit length shall be threaded. The ends of conduits shall be sealed with protective caps to prevent 
damage to threaded portions and entrance of moisture and foreign material.

3.1.5 The inside surface of all conduits shall be smooth and suitable for pulling insulated cables and wires without 
damage.

3.1.6 Conduit fittings shall be made out of tube or cast to the shape as to match with corresponding conduit sizes and 
meet their purpose without any special adjustment.

3.1.7 All fittings shall be screwed type and hot dip galvanized inside and outside.

3.2 Flexible Metallic Conduits and Fittings

3.2.1 Flexible metallic conduits shall generally conform to the requirements of IS:3480.

3.2.2 Flexible conduits shall be made of strip steel which shall be of cold rolled mild steel. The strip shall be of uniform 
width and thickness throughout.

3.2.3 The strip shall be electro galvanized to a minimum thickness of 25 microns as specified in IS:3480. The surface of 
the strip shall be thoroughly cleaned before application of protective coating. Pretreatment, before galvanization, 
shall conform to IS:6005. 

3.2.4 The strip for making flexible conduit shall be wound tightly and so overlapped in subsequent helicals that no 
openings are seen in normal position. 

3.2.5 Flexible conduits shall be lead coated for application in high temperature zones, if specifically mentioned in Data   
Sheet A.  

3.2.6 The conduit shall have uniform diameter throughout its length. The internal surface of all conduits shall be smooth 
and suitable for pulling insulated cables and wires without damage.

3.3 PVC Conduits

3.3.1 PVC conduits shall generally conform to the requirements of IS:9537(Part I & Part III).

4.0

4.1 The following stages of manufacture shall be stage inspected by Purchaser or his duly authorized representative.
�

INSPECTION

4.1.1 Inspection of manufacturing processes such as shearing, punching, bending, welding, galvanizing etc.

4.1.2 Inspection of packing material and procedure.
PAGE 37 OF 58
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4.1.3 Inspection of finished product.

4.2 The inspection will be carried out as per agreed quality plan.

5.0

5.1 Rigid Conduits

TESTING

a) Acceptance Tests - as per IS:9537 Part 1 & 2 upto 63mm OD
     - as per IS:1239 above 63mm OD 

  i) Dimension checks

  ii) Bending test (below 32mm OD)

  iii) Compression test

b) Special Tests (as acceptance test) as applicable to galvanizing.

5.2 Flexible Steel Conduits

a) Acceptance Tests - as per IS:3480

  i) Dimension checks

  ii) Linear breaking test

  iii) Test for flexibility

  iv) Bend fracture test

  v) crushing test

b) Special Tests (as acceptance test) as applicable to galvanizing.

5.3 PVC Conduits

a) Type Tests   - as per IS : 9537 (Part 1 & 3)

  i) Dimension checks

  ii) Bending test

  iii) Compression test

  iv) Impact test 

  v) Collapse test

  vi) Resistance test

  vii) Resistance to burning
PAGE 38 OF 58
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  viii) Electrical Characteristics

b) Acceptance tests - as per IS:9537 (Part 1 & 3)

  i) Dimension checks

  ii) Bending test

  iii) Compression test

  iv) Collapse test

  v) Resistance to burning

  vi) Electrical characteristics

5.4 Sampling for the tests shall be done as per applicable standards mentioned above.

5.5 The testing shall be carried out as per agreed quality plan.

6.0

6.1 The  material shall be packed as per manufacturer’s standard. Packing procedure shall be to the purchaser’s  
approval.

PACKING

7.0

7.1 The following information shall be furnished within two weeks of award of contract, for purchaser’s approval. 

DRAWING, DATA AND DOCUMENTS REQUIRED

a) Manufacturing drawings/details.

b) Recommended Field quality plan covering site handling, storing, laying etc. 

c) Final quality plan.

7.3 The following information shall be furnished after testing and inspection

Type Test, routine test and special test certificates in bound volume in requisite number.
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KHURJA SUPER THERMAL POWER PROJECT 
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TURBINE GENERATOR AND ASSOCIATED PACKAGES 
BID DOC. NO.: THDC/RKSH/CC-9915-371

SEPARATOR 

SUB–SECTION – B-5 

CABLING EARTHING LIGHTNING AND 
PROTECTION
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THDC/RKSH/CC-9915-371

SUB-SECTION-B-05
CABLING, EARTHING & 

LIGHTNING PROTECTION

PAGE
1 OF 23

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

IEC:62305 Code of Practice for the protection of building and allied 
structures against lightning.

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
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IEEE:80 IEEE guide for safety in AC substation grounding

IEEE:142 Grounding of Industrial & commercial power systems

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 buried cables, if essential, shall not have concentration of more than 4 cables in one 
route. All HT, LT and Control cables shall be armored.

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

The cable vault/ / cable spreader room space below the HT / LT switchgear room, Control 
Rooms, unit control equipment room, Programmer room, UPS, Charger & Battery Rooms,
Boiler MCC room shall have 800 mm wide and 2.1 m high movement passage all around 
the cable trays in the cable vault/ cable spreader room for easy laying/maintenance of 
cables

Cable vaults shall be provided with adequate drainage facilities for drainage of fire water.
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Each cable vault should have at least two doors.

Exit signs shall be provided near doors for personnel escape in case of emergency

2.01.06   Boiler Area

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.
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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 
galvanised as per Clause No. 3.13.00 of this chapter. Troughs shall be standard width of 50 
mm & 75 mm with depth of 25 mm.

3.01.05 The tolerance for cable tray and accessories shall be as per IS 2102 (Part-1).
Tolerance Class: - Coarse

3.02.00 Support System for Cable Trays

3.02.01 Cable tray support system shall be pre-fabricated out of single sheet as per enclosed tender 
drawings.

3.02.02 Support system for cable trays shall essentially comprise of the two components i.e. main 
support channel and cantilever arms. The main support channel shall be of two types : (i) 
C1:- having provision of  supporting cable trays on one side and (ii) C2:-having provision of  
supporting cable trays on both sides. The support system shall be the type described 
hereunder

a. Cable supporting steel work for cable racks/cables shall comprise of various 
channel sections, cantilever arms, various brackets, clamps, floor plates, all 
hardwares such as lock washers, hexagon nuts, hexagon head bolt, support hooks, 
stud nuts, hexagon head screw, channel nut, channel nut with springs, fixing studs, 
etc. 

b. The system shall be designed such that it allows easy assembly at site by using 
bolting. All cable supporting steel work, hardwares fitings and accessories shall be 
prefabricated factory galvanised.           

c. The main support and cantilever arms shall be fixed at site using necessary 
brackets, clamps, fittings, bolts, nuts and other hardware etc. to form various 
arrangements required to support the cable trays. Welding of the components shall 
not be allowed. However, welding of the bracket (to which the main support channel 
is bolted) to the overhead beams, structural steel, insert plates or reinforcement 
bars will be permitted. Any cutting or welding of the galvansied surface shall be 
brushed and red lead primer, oil primer & aluminium paint shall be applied

d. All steel components, accessories, fittings and hardware shall be hot dip galvanised 
after completing welding, cutting, drilling and other machining operation.

e. The typical arrangement of flexible support system is shown in the enclosed 
drawings and described briefly below:

The main support channel and cantilever arms shall be fabricated out of 2.5 thick 
rolled steel sheet conforming to IS 1079.

f. Cantilever arms of   320 mm, 620mm and 750 mm in length are required, and shall 
be as shown in the enclosed drawing. The arm portion shall be suitable for 
assembling the complete arm assembly on to component constructed of standard 
channel section. The back plate shall allow sufficient clearance for fixing bolt to be 
tightened with tray in position.

g. Support system shall be able to withstand
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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 
the Employer. The bidder shall submit the detailed drawings of the system offered by him 
alongwith the bid.

3.02.04 Four legged structure shall be provided wherever there is change in elevation and change in 
direction

3.03.04 FOR COAL, LIMESTONE AND GYPSUM HANDLING PLANT THE FOLLOWING SHALL 
ALSO BE APPLICABLE:

a) All overhead cable routes shall be along the route of the conveyor gallery on 
separate supporting structures and cables shall be laid in vertical trays. The bottom 
of the steel shall be such that the existing facilities, movement of trucks/human 
beings etc. does not get affected. The cable trestle shall have a minimum 600mm 
clear walk way and shall have maintenance platforms as required. The bottom of 
the steel supporting structure shall be generally at 3.0M above the grade level 
except for rail/road crossings where it shall be at 8.0M above grade level.  Tap offs 
from the overhead cable trestle can be through shallow trenches with prior approval 
of the Employer.  Directly buried cable, if essential, shall not have concentration of 
more than 4 cables on one route.

b) Cable trenches shall be provided only in Switchgear/MCC rooms.

c) Cables shall not be routed through the conveyor galleries except for the equipment 
located in the conveyor galleries for a particular conveyor i.e. protection switches, 
receptacles etc.

d) Cables for PCS and BSS shall be routed along the conveyors through GI conduits.

3.04.00 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 PVC conduits encased in PCC (10% spare of each size, subject to 
minimum one) with suitable water-proof manholes and with proper sealing arrangement 
consisting of fire retardant sealing compound.

3.03.04 Hume pipes shall be NP3 type as per IS 458.

3.03.05 TERNE Coated Flexible Steel Conduits shall be water proof and rust proof made of heat 
resistant lead coated steel. Conduit diameter shall be uniform throughout its length. Internal 
surface of the conduit shall be free from burrs and sharp edges. Conduits shall be complete 
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with necessary accessories for proper termination of the conduit with junction boxes and 
lighting fixtures.

3.03.06 HDPE pipes and conduits shall be PE-80, PN-10 type as per IS 4984/IS 8008 Part-I.

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 a

brackets should be of powder coated MS. Type test reports for the following tests shall be 
furnished:-

(a) Impact resistance for impact energy of 2 Joules (IK07)as per BS  EN50102
                       
                       (b) Thermal ageing at 70deg C for 96 hours as per IEC60068-2-2Bb.

                      (c) Class of protection shall be IP 55.

                     (d) HV test.

3.04.02 Terminal blocks shall be 1100V grade, of suitable current rating, made up of unbreakable 
polyamide 6.6 grade. The terminals shall be screw type or screw-less (spring loaded) / cage 
clamp type with lugs. Marking on terminal strips shall correspond to the terminal numbering 
in wiring diagrams. All metal parts shall be of non-ferrous material. In case of screw type 
terminals the screw shall be captive, preferably with screw locking design. All terminal 
blocks shall be suitable for terminating on each side the required cables/wire size.  All 
internal wiring shall be of cu. Conductor PVC wire.

3.05.00 Terminations & Straight Through Joints

3.05.01 Termination and jointing kits for 33kV, 11 kV, 6.6 KV and 3.3 kV grade XLPE insulated 
cables shall be of proven design and make which have already been extensively used and 
type tested. Termination kits and jointing kits shall be Pre-moulded type or heat shrinkable 
type. Further Cold shrinkable type termination and jointing kits are also acceptable. The 
Cold shrinkable type kits shall be type tested as per relevant standards. Calculation to 
withstand the required fault level shall also be furnished in case of cold shrinkable type kits. 
33 kV, 11 kV, 6.6 KV and 3.3kV grade joints and terminations shall be type tested and Type 
test reports as per IS:13573 Part-II and IEC60502 shall be furnished. Also, heat shrink 
material shall comply with requirements of ESI 09-13 (external tests). Critical components 
used in cable accessories shall be of tested and proven quality as per relevant product 
specification/ESI specification. Cable joints and terminations should be with FRLS 
properties as per IEC 60754-1&2. Kit contents shall be supplied from the same source as 
were used for type testing. The kit shall be complete with the tinned copper solderless 
crimping type cable lugs & ferrule or mechanical connectors (wherein bolts are tightened 
that shear off at an appropriate torque) as per DIN standard suitable for aluminium 
compacted conductor cables. (Tender drg. no 0000-211-POE A-51-RA of cable lug 
attached at the end of this chapter)..

3.05.02 Straight through joint and termination shall be capable of withstanding the fault level of 21 
KA for 0.12 Sec. with dynamic peak of 52 KA for 33 KV system & of 40 kA for 0.12 sec with 
a dynamic peak of 100 kA for 11 kV, 6.6 KV & 3.3 KV system. Straight through joints shall 
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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 
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, when installed at 1 mtr intervals, 
to withstand the forces generated by the peak value of maximum system short circuit 
current.

3.09.00 Cable Clamps & Ties
3.09.01 The cable clamps/ties required to clamp multicore cables shall be of SS-316 material, 12mm 

wide, polyster coated ladder lock type. The clamps/ties shall have self locking arrangement 
& shall have sufficient strength. The cable clamps/ties shall be supplied in finished individual 
pieces of suitable length to meet the site requirements.

3.10.00 Receptacles

3.10.01 Receptacles boxes shall be fabricated out of MS sheet of 2mm thickness and hot dipped 
gavanised or of die-cast aluminium alloy of thickness not less than 2.5 mm. The boxes shall 
be provided with two nos. earthing terminals, gasket to achieve IP55 degree of protection, 
terminal blocks for loop-in loop-out for cable of specified sizes, mounting brackets suitable 
for surface mounting on wall/column/structure, gland plate etc. The ON-OFF switch shall be 
rotary type heavy duty, double break,AC23 category, suitable for AC supply. Plug and 
Socket shall be shrouded Die-cast aluminium. Socket shall be provided with lid safety cover. 
Robust mechanical interlock shall be provided such that the switch can be put ON only 
when the plug is fully engaged and plug can be withdrawn only when the switch is in OFF 
position. Also cover can be opened only when the switch is in OFF position. Wiring shall be 
carried out with 1100 V grade PVC insulated stranded aluminium/copper wire of adequate 
size. The Terminal blocks shall be of 1100 V grade.  The Terminal blocks shall be of 1100 V 
grade made up of unbreakable polymide 6.6 grade with adequate current rating and size. 
The welding receptacles shall be provided with RCCB/RCD of 30mA sensitivity having 
facility for manual testing/checking of operation of RCCB/RCD
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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

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.

394

985830/2022/PS-PEM-MAX
52



 CLAUSE NO. TECHNICAL REQUIREMENTS

KHURJA SUPER THERMAL POWER PROJECT 
(2X660 MW)

TURBINE GENERATOR AND ASSOCIATED 
PACKAGES

TECHNICAL SPECIFICATION
SECTION VI, PART-B

BID DOC. NO.: 
THDC/RKSH/CC-9915-371

SUB-SECTION-B-05
CABLING, EARTHING & 

LIGHTNING PROTECTION

PAGE
9 OF 23

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

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
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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

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 one 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 
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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 
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.
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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 
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 
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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

a) Main earth grid MS rod -Min 40 mm 65 x 8mm GS flat
dia.
or as per actual

                                                                                        calculation whichever
is more 

b) 33kV/11kV/6.6kV/3.3 kV/ --- 65 x 8mm GS flat
switchgear equipment and 
415V switchgear

c) 415 V MCC/ Distribution --- 50 x 6mm GS flat
boards / Transformers

d) LT Motors above 125 KW --- 50 x 6mm GS flat

25 KW to 125 KW --- 25 x 6mm GS flat

1KW to 25 KW --- 25 x 3mm GS flat

Fractional House power motor --- 8 SWG GS wire

e) Control panel & control desk --- 25 x 3 mm GS flat

f) Push button station / Junction --- 8 SWG GI wire
Box

g) Columns, structures, cable --- 50 x 6mm GS flat
trays and bus ducts enclosures

h) Crane, rails, rail tracks & other 25 x 6mm GS flat
non-current carrying metal parts

5.05.00 Metallic frame of all electrical equipment shall be earthed by two separate and distinct 
connections to earthing system, each of 100% capacity, Crane rails, tracks, metal pipes and 
conduits shall also be effectively earthed at two points. Steel RCC columns, metallic stairs, 
and rails etc. of the building housing electrical equipment shall be connected to the nearby 

399

985830/2022/PS-PEM-MAX
57



 CLAUSE NO. TECHNICAL REQUIREMENTS

KHURJA SUPER THERMAL POWER PROJECT 
(2X660 MW)

TURBINE GENERATOR AND ASSOCIATED 
PACKAGES

TECHNICAL SPECIFICATION
SECTION VI, PART-B

BID DOC. NO.: 
THDC/RKSH/CC-9915-371

SUB-SECTION-B-05
CABLING, EARTHING & 

LIGHTNING PROTECTION

PAGE
14 OF 23

earthing grid conductor by one earthing ensured by bonding the different sections of hand 
rails and metallic stairs. Metallic sheaths/screens, and armour of multi-core cables shall be 
earthed at both ends. Metallic Sheaths and armour of single core cables shall be earthed at 
switchgear end only unless otherwise approved. Every alternate post of the switchyard 
fence shall be connected to earthing grid by one GS flat and gates by flexible lead to the 
earthed post. Railway tracks within the plant area shall be bonded across fish plates and 
connected to earthing grid at several locations. Portable tools, appliances and welding 
equipment shall be earthed by flexible insulated cable.

5.06.00 Each continuous laid lengths of cable tray shall be earthed at minimum two places by G.S. 
flats to earthing system, the distance between earthing points shall not exceed 30 meter. 
Wherever earth mat is not available, necessary connections shall be done by driving an 
earth electrode in the ground

5.07.00 Neutral points of HT transformer shall be earthed through NG resistors. The Contractor shall 
connect the NGR earthing point to earth electrodes by suitable earth conductors.

5.08.00 Neutral connections and metallic conduits/pipes shall not be used for the equipment 
earthing. Lightning protection system down conductors shall not be connected to other 
earthing conductors above the ground level.

5.09.00 Connections between earth leads and equipment shall normally be of bolted type. Contact 
surfaces shall be thoroughly cleaned before connections. Equipment bolted connections 
after being tested and checked shall be painted with anti corrosive paint/compound.

5.10.00 Suitable earth risers as approved shall be provided above finished floor/ground level, if the 
equipment is not available at the time of laying of main earth conductor.

5.11.00 Connections between equipment earthing leads and between main earthing conductors 
shall be of welded type. For rust protection the welds should be treated with red lead 
compound and afterwards thickly coated with bitumen compound. All welded connections 
shall be made by electric arc welding.

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

5.13.00 Earthing conductors buried in ground shall be laid minimum 600 mm below grade level 
unless otherwise indicated in the drawing. Back filling material to be placed over buried 
conductors shall be free from stones and harmful mixtures. Back filling shall be placed in 
layers of 150 mm.

5.14.00 Earthing conductors embedded in the concrete floor of the building shall have approximately 
50 mm concrete cover.

5.15.00 A minimum earth coverage of 300 mm shall be provided between earth conductor and the 
bottom of trench/foundation/underground pipes at crossings. Earthing conductors crossings 
the road can be installed in pipes. Wherever earthing conductor crosses or runs at less than 
300 mm distance along metallic structures such as gas, water, steam pipe lines, steel 
reinforcement in concrete, it shall be bonded to the same.

5.16.00 Earthing conductors along their run on columns, walls, etc. shall be supported by suitable 
welding / cleating at interval of 1000mm and 750mm respectively.

5.17.00 Earth pit shall be of treated type & shall be constructed as per IS:3043. Electrodes shall be 
embedded below permanent moisture level. Minimum spacing between electrodes shall be 
600mm. Earth pits shall be treated with salt and charcoal as per IS:3043. Test links shall be 
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provided with bolted arrangement alongwith each earth pit, in order to facilitate 
measurement of earth resistance as & when required.

5.18.00 On completion of installation continuity of earth conductors and efficiency of all bonds and 
joints shall be checked. Earth resistance at earth terminations shall be measured and 
recorded. All equipment required for testing shall be furnished by contractor.

5.19.00 Earthing conductor shall be buried at least 2000mm outside the fence of electrical 
installations. Every alternate post of the fences and all gates shall be connected to earthing 
grid by one lead.

5.20.00 Other Requirements of Earthing System:

Standard/Code IEEE 80, IS 3043

Earthing System

Life expectancy 40 Years

System Fault Level As per system requirement (B0)

Soil resistivity Actual as per site conditions.

Min. Steel corrosion 0.12mm/year

Depth of burial of main earth conductor 600mm below grade level;  where it crosses 
trenches, pipes, ducts, tunnels, rail tracks, etc., it 
shall be at least 300mm below them.

Conductor joints By electric arc welding, with resistance of joint 
not more than that of the conductor.

Welds to be treated with red lead for rust protection and then coated with bitumen 
compound for corrosion protection.

Surface resistivity - Gravel 3000 ohm-meter

- Concrete 500 ohm-meter

6.00.00 LIGHTNING PROTECTION SYSTEM

6.01.01 Lightning protection system shall be in strict accordance with IEC:62305 .

6.01.02 Lightning conductor shall be of 25x6mm GS strip when used above ground level and shall 
be connected through test link with earth electrode/earthing system

6.01.03 Lightning system shall comprise of air terminations, down conductors, test links, earth 
electrode etc. as per approved drawings.

6.02.00 Down Conductors

1. Down conductors shall be as short and straight as practicable and shall follow a 
direct path to earth electrode.

2. Each down conductor shall be provided with a test link at 1000 mm above ground 
level for testing but it shall be in accessible to interference. No connections other 
than the one direct to an earth electrode shall be made below a test point.
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3. All joints in the down conductors shall be welded type.

4. Down conductors shall be cleated on outer side of building wall, at 750 mm interval 
or welded to outside building columns at 1000 mm interval.

5. Lightning conductor on roof shall not be directly cleated on surface of roof. 
Supporting blocks of PCC/insulating compound shall be used for conductor fixing at 
an interval of 1500 mm.

6. All metallic structures within a vicinity of two meters of the conductors shall be 
bonded to conductors of lightning protection system.

7. Lightning conductors shall not pass through or run inside GI Conduits.

8. Testing link shall be made of galvanized steel of size 25x 6mm.

9. Pulser system for lightning shall not be accepted.

10. Hazardous areas handling inflammable/explosive materials and associated storage 
areas shall be protected by a system of aerial earths.

7.00.00 TESTS

7.01.01 All equipment to be supplied shall be of type tested design. During detail engineering, 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 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.

7.01.02 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 owner either at third party lab or in presence 
of client/owners representative and submit the reports for approval.

7.01.03 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.

7.01.04 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 

the endorsement sheet.

7.02.00 Type Test reports shall be furnished for the following

7.02.01 Type tests on Cable Trays support system

a) Test 1A:

On main support channel type-C2 for cantilever arms fixed on one side only. A 3.5 
meter length of main support channel shall be fixed vertically at each end to a rigid 
structure as per the fixing arrangement as shown in the enclosed drawing. Eight (8) nos. 
750 mm cantilever arms shall be fixed to the main channel and each arm shall be 
loaded over the outboard 600 mm with a uniform working load of 100 kg. Subsequently 
a point load of 100 kg shall be applied on arm 2. A uniform proof load on all the arms 
equal to twice the working load shall be then be applied. Deflections shall be measured 
at the points shown in the enclosed drawings and at the following load intervals:
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i) Working load

ii) Working load + point load

iii) Off load

iv) Proof load + point load

v) Off load

The deflection measured at working loads shall not exceed 16mm. The  permanent 
deflection after removing the combination of working load and point load shall not 
exceed 10 mm at the arm tips and 6 mm on the channel. No collapse of the structure 
shall occur with a combination of proof load and point load applied.

B) Test 1B:

Test 1A shall be repeated with Eight Cantilever arms uniformly loaded and with the 
same point load on arm 2

Test 2: On Main support channel type -C2 for cantilever arms fixed on both 
sides

a) Test 2A: A 3.5 m length of main support channel C2 for cantilever arms fixing on 
both sides shall be fixed at each end to rigid structure as per the fixing arrangement as 
shown in the enclosed drawing. Six (6), 750 mm cantilever arms shall be attached to 
each sides and each arm uniformly loaded to a working load of 100 kg over the out 
board 600 mm. A point load of 100 kg shall than be applied to arm 2, followed by a 
uniform proof load of twice the working load on  all the arms; deflection shall be 
measured at points shown in the enclosed drawings at the following load intervals.

i) Working load

ii) Working load + Point load

iii) Off load

iv) Proof load + Point load

v) Off load

The deflection measured at working loads shall not exceed 16mm. The  permanent 
deflection after removing the combination of working load and point load shall not 
exceed 10 mm at the arm tips and 6 mm on the channel. No collapse of the structure 
shall occur with a combination of proof load and point load applied

b)  Test 2 B: The test 2 A shall be repeated with the assembly but with an asymmetrical 
load on the C2 column and point load applied to arm 8. The 100 kg and 200 kg 
uniformly distributed loads shall be applied to the upper three arms on one  side and the 
lower three arms on the opposite side.

Test 3 : Tests on Channel Fixed on Beam/Floor

A length of main support channel section shall be fixed to steel structure/floor 
and have loads applied as shown in the drawing enclosed and as detailed 
below
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a)  Test 3A : A  length of steel structure shall be rigidly supported. It should be fitted on a 
meter length of channel section using beam clamps welded/bolted. A point 
load of 1200 kg shall be applied to the centre point via two brackets. No 
distortion or pulling of the components shall take place.

b)  Test 3B: With the components assembled as in Test 3A, two perpendicular point loads 
of 600 kg shall be simultaneously applied at positions 150 mm either side of 
the centre line, no distortion or pulling of the components shall take place.

c)  Test 3C: With the components assembled as in Test 3A, a perpendicular point load 
shall be applied at a point 150 mm on one side of the centre line.

The load shall be gradually increased to the maximum value that can be 
applied without  causing distortion or pulling of  the components. This value 
shall be recorded.

Test 4 : Channel Insert Test

A 2.5 m length of C1 channel fixed to the concrete wall/ steel structure as per 
actual site installation conditions. 6 nos. of 750 mm cantilever arms shall be 
attached to C1 channel as shown in enclosed drawing.  Each arm uniformly 
loaded to a working load of 100 kg over the out board 600 mm. A point load of 
100 kg shall than be applied to arm 2, followed by a uniform proof load of twice 
the working load on  all the arms; deflection shall be measured at points 
shown in the enclosed drawings at the following load intervals.

i) Working Load
ii) Working Load + Point Load

iii) Off Load
iv) Proof Load + Point Load
v) Off load

The deflection measured at working loads shall not exceed 16mm. The permanent 
deflection after removing the combination of working load and point load shall not exceed 10 
mm at the arm tips and 6 mm on the channel. No collapse of the structure shall occur with a 
combination of proof load and point load applied

Test 5 :  Channel nut slip characteristics (what ever applicable)

Tests 5A1,5A2,5A3 : A  length of channel  C1 section 200mm long shall  have fitted 
bracket with the two bolt fixing as shown in drawing enclosed.
With loads applied at the position shown in drawing enclosed nut slip shall be 
determined with bolt torque of 30NM, 50 NM and 65 NM No fewer than three 
measurements shall be made for each torque setting.

A minimum loading of  720 kg shall be obtained before nut slip with bolt torque of 65 
NM.

Tests 5B1,5B2,5B3: The length of channel C1 section 200 mm long shall have fitted 
bracket with the one bolt fixing as shown in drawing enclosed. With loads applied at the 
position shown in drawing, nut slip shall be determined with bolt torques of 30 NM,  50
NM and 65 NM. No fewer than three measurements shall be made for each torque 
setting.

A minimum loading of 350 kg shall be obtained before nut slip with a bolt torque of 65 
NM.
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Test 6 Weld Integrity Test

After deflection test as per test 1A, 1B, 2, 3 & 4 weld integrity shall be checked by magnetic 
particle inspection to detect sub-surface cracks developed, if any.

7.02.02 Cable termination kit and straight through joints should have been tested as per IS:13573
for 3.3kV grade & above.

7.03.00 Routine/ Acceptance Tests

7.03.01 Routine Tests

a) Routine tests as per specification and applicable standards shall be carried out on 
all requirements/items covered in the specification.

b) Physical & dimensional check on all equipments as per approved 
drawings/standards

.
c) HV/IR as applicable.

d) Check/measurement of thickness of paint/zinc coating/nickel-chrome plating as per 
specification & applicable standard.

7.03.02 Acceptance Test

a) Galvanising Tests as per applicable standards

b) Welding checks

c) Deflection tests on cable trays:

d) One piece each of 2.5m length of cable tray of 300mm & above shall be taken as 
sample from each offered lot.  It shall be supported at both end & loaded with 
uniform load of 76 kg/meter along the length of cable tray.  The maximum deflection 
at the mid-span of each size shall not exceed 7mm.

d) Proof load tests on cable tray support system

i) Tests on Main Support Channel shall be done if only C1 Channel are in scope of 
supply and cantilever arms shall be fitted on one side. This test shall be same as 
test 4 of type test.

ii) Test on Main Support Channel shall be done with C2 channel and cantilever arms 
fitted on both sides, if C2 channels are in scope of supply. This test shall be same 
as test 2A of type test. Then test (i) above shall not be done.

iii) Nut slip characteristic test (it shall support minimum load of 350kg before nut slips 
with a bolt torque of 65 NM). This test shall be same as test 5B3 of type test.
The procedure for carrying out tests 
Type Tests in specification thereafter Die-Penetration test shall be carried out to 
check weld integrity.

d) The above acceptance tests shall be done only on one sample from each offered 
lot.
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8.00.00 COMMISSIONING

8.01.01 The Contractor shall carry out the following commissioning tests and checks after 
installation at site. In addition the Contractor shall carry out all other checks and tests as 
recommended by the Manufacturers or else required for satisfactory performance..

8.01.02 Cables

a) Check for physical damage

b) Check for insulation resistance before and after termination/jointing.

c) HT cables shall be pressure tested (test voltage as per IS:7098) before 
commissioning.

d) Check of continuity of all cores of the cables.

e) Check for correctness of all connections as per relevant wiring diagrams. Any minor 
modification to the panel wiring like removing/inserting, shorting, change in terminal 
connections, etc., shall be carried out by the Contractor.

f) Check for correct polarity and phasing of cable connections.

g) Check for proper earth connections for cable glands, cable boxes, cable armour, 
screens, etc.

h) Check for provision of correct cable tags, core ferrules, tightness of connections.

8.02.00 Cable trays / supports and accessories

1) Check for proper galvanizing/painting and identification number of the cable 
trays/supports and accessories.

2) Check for continuity of cable trays over the entire route.

3) Check that all sharp corners, burrs, and waste materials have been removed from 
the trays supports.

4) Check for earth continuity and earth connection of cable trays.

8.03.00 Earthing and Lightning protection system

1) Earth continuity checks.

2) Earth resistance of the complete system as well as sub-system.

8.04.00 Below Ground Earth Mat:

The earthing system for plant shall be designed as per Clause No:- 3.07.00 of Sub Section 
B-0 of Technical Specification Section-VI, Part-B

Grounding for TG and other areas or buildings covered in the specification shall be provided 
in accordance with IS 3043, IEC 62305, IEEE 80.

Earthing system network/earthmat shall be interconnected mesh of mild steel rods buried in 
ground in the plant. All areas under contractor scope of supply shall be interconnected 
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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. All the columns shall be earthed by nearby risers and 
earthmat grid spacing shall be maximum 10 X 10 mts.. Minimum two nos of risers shall be 
provided for each equipment in his scope of area. Separate dedicated riser shall be provided 
for C&I earthing purpose and also for Lightning down conductor connection purpose. 
Sufficient nos of risers near the equipment shall be provided as per the system requirement.

9.00.00 ELECTRICAL LAYOUT PHILOSOPHY:

While developing the layout the bidder must give due consideration to the following 
requirements:

a) Adequate distance shall be maintained between the transformers. As basic 
guidelines following norms will be adhered to:

1) Transformers shall be separated from the adjacent building/structures and from 
each other by a minimum distance as defined below or by a fire wall of two 
hours of fire resisting of height at least 600 mm above bushing / pressure relief 
vent whichever is higher.

Oil capacity of individual transformer      Clear separating distance

(in liters)  (in meters)

5,000 to 10,000 8.0

10,001 to 20,000 10.0

20,001 to 30,000 12.5

Over 30,001 15.0

2) In case of auxiliary transformers having an aggregate oil capacity in excess of 
2300 liters but individual oil capacity of less than 5000 liters, the maximum 
separating distance between transformers and surrounding building shall be at 
least 6M unless they are separated by fire separating walls or are protected by 
high velocity spray system.

3.) Rail track shall be provided in Transformer yard for movement of each 
transformer.   The rail track in Transformer yard shall be connected with TG 
area rail track The Foundation top of transformer & rail top shall be at EL +/-
0.0M. Bus duct support or Transformer body shall be at least 8.0M from A-Row 
of TG building to clear the movement of GT/ Stator/UT/ST/UAT on rail line. 
Jacking pads shall be provided where the rail track changes the direction. 
Mooring post shall be provided on rail track for handling the transformers.

4)  For each transformer a pit shall be provided all around at a distance of 1.5 m 
(minimum) from transformer outer edge. A sump pit shall be provided for each 
pit. A common oil retention pit per unit shall be provided to hold oil quantity of 
the largest transformer (by volume) & 10 minutes of water quantity of HVW 
spray system for the largest transformer. Sump pit of individual transformer 
shall be connected to common oil retention pit of that unit.

5)   Rail track shall be provided for all outdoor transformers up to road for movement 
of each transformer of size more than or equal to 7.5MVA Transformer. Jacking 
pads shall be provided where the rail track changes the direction. Jacking pad 
shall also be provided at the location of installation of transformer and mooring 
post shall be provided on rail track for handling the transformers. 
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6.) The Transformer fencing shall be at 1.0 M (minimum) distance from the pit wall. 
The Height of fencing shall be 2.5 M (minimum) and fencing shall have personal 
entry gate and removable type fencing/gate for transformer withdrawal. 

7) The transformer firewall, pit sizing and clearances from adjacent 
building/structures etc.  shall be as per IS 1646/CBIP manual on Transformer

8)  However, for all outdoor transformers of oil capacity less than 2000 litre, a trench 
of suitable size shall be provided all around at a distance of 1.0 m (minimum) 
from transformer outer edge. A sump pit shall be provided for each trench.

b) Layout requirements for Electrical MCC/switchgear rooms

1. Separate Switchgear Rooms shall be provided for each unit. For TG building, all HT 
boards shall be provided in HT switchgear room at only one floor and all LT boards 
shall be provided in LT switchgear room only.

2. The following clearances shall be maintained for HT Switchboard.

a.) Front Clearance

i) For one Row of Swgr. - 2.0 M (Min)

ii) For two Rows of Swgr. - 2.5 M (Min)

b.) Back Clearance - 1.5 M (Min.)

c.) Side Clearance
Min. 800 mm, however provision to be made for any additional panel in future at 
both ends.  Therefore end clearance shall be 800+width of panel (including spare 
panels/dummy panels etc.)

3. The following clearances shall be maintained for LT Switchboard.

a.) Front Clearance

i) For one Row of Swgr - 1.5M (Min)
ii) For two Rows of Swgr - 1.5/1.75M depending upon the depth of 

panels etc

b.) Back Clearance
i) For single front - 1.0M (Min)
ii) For double front - 1.5M (Min)

c.) Side Clearance

Min. 800 mm, however provision to be made for any additional panel in future at 
both ends.  Therefore end clearance shall be 800 mm + width of panel.

For offsite areas, HT Switchboard clearances shall be followed wherever both LT & 
HT switch boards are in the same MCC room.

4. Height of HT/LT Switchgear Room and Boiler MCC room

i) With Bus Duct 4.5 m (min)
ii) Without Bus Duct 4.0 m (min) 
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Further no vertical bracings shall be envisaged in HT/LT switchgear room and 
associated cable vault area.

5. Cable trench/Cable vault

For LT switchgear/MCC room at EL 0.0M, minimum 1400 wide x 1400 deep cable 
trench shall be provided to route the cables. Horizontal cable trays shall be routed in 
cable trenches.

c)  Minimum clear working space 1200mm around the equipment

e) In buildings having MCC, minimum 2 fire door along with one rolling shutter of
adequate size/capacity shall be provided.

f) The cable entry and exit from switchgear room shall be from 1.5 mtr (minimum) above 
FGL.
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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/ polyurethane coating 

for housings and all exposed surfaces of the instruments.  

1.07.00 The instruments which are proposed to be used for PG test as indicated in the tender P&IDs 
shall meet the minimum requirements specified in ASME PTC  or subsequent clauses in 
this chapter whichever is better. 
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 Impulse pipe of same material  Required 
 up to root valve 
  
 Tapping 3 pairs of tappings for each Venturi as per ISO 

5167-4:2003, However for some areas like CPU, 
DM & PT plant- 2 Pairs of Tappings shall be 
provided as minimum. 

 
 Beta Ratio 0.4 to 0.7 
 
 Beta Ratio calculation to be  Yes 
 Submitted 
 
 Assembly drg. and flow  Yes 
 Vs DP Curves 
 
 Accessories Root valves, vent and drain hole. 
 ---------------------------------------------------------------------------------------------------------------------------  

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.  

 

13.04.00 ROTAMETERS 

Sr. 
No. 

Features Essential / minimum requirements 

1. Type  Variable Area Metal Tube  

2. Fluid media Water/oil  

3. Tube body SS316 

 

 

4. Material of float 316 SS  

5. Indicator Linear scale  

6. Accessories Flange, orifice in case of bypass Rota meter (for line size 
above 100 mm) 

7. Housing protection 
class 

IP-55  

8. Accuracy + 2% of measured value.  

14.00.00          NOT  USED  

15.00.00           PROCESS ACTUATED SWITCHES 

FEATURES                 ESSENTIAL / MINIMUM REQUIREMENTS 
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 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. 

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. 
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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’ 

 
e. IP Class : IP65 

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, 
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. Specification of 
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16.00.00 SPECIFICATIONS FOR PR. GAUGE, D.P. GAUGE, TEMP. GAUGE AND LEVEL 
GAUGE.

Sl.
No

FEATURES            ESSENTIAL/MINIMUM REQUIREMENTS 

  Pr. Gauge/ DP 
Gauge/ Draught 
gauges

Temperature
Gauge

Level Gauge  

1 Sensing 
Element and 
material

Bourdon for high 
pressure,
Diaphragm/Bello
w for low pr. Of 
316 SS 

Mercury in steel 
for below 450°C 
and inert gas 
actuated for 
above 450°C of 
SS bulb and 
capillary.

Tempered  * 
toughened Borosilicate 
gauge glass steel 
armoured reflex or 
transparent type. 

2 Body 
material

Die-cast
aluminium

Die-cast
aluminium

Forged carbon 
steel/304 SS 

3 Dial size 150mm 150 mm Tubular covering entire 
range

4 End 
connection

1/2 inch NPT (M) 3/4" NPT (M) Process connection as 
per ASME PTC and 
drain/vent 15 NB 

5 Accuracy ±1% of span ± 1% of span ± 2% 

6 Scale Linear, 270° arc 
graduated in 
metric units 

Linear, 270° arc 
graduated in °C 

Linear vertical

7 Range 
selection

Cover 125% of 
max. of scale 

Cover 125% of 
max. of scale 

Cover 125% of max. of 
scale

8 Over range 
test

Test pr. for the assembly shall be1.5 to the max. Design pr. at 
38°C.

9 Housing Weather and 
dust proof as per 
IP-55

Weather and 
dust proof as per 
IP-55

CS/304 SS leak proof 

10 Zero/span 
adjustment

Provided Provided -- 

11 Identification Engraved with service legend or laminated phenolic name 
plate
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12 Accessories Blow out disc, 
siphon,
snubber,
pulsation
dampener,
chemical seal 
(if required by 
process)
gauge
isolation valve 

SS Thermowell  Gasket for all KEL-F 
shield for transparent 
type vent and drain 
valves of Steel/SS as 
per CS/Alloy process 
Requirement. 

13 Material of 
Bourdon/
movement 

316 SS / 304 
SS

316 SS / 304 SS  

Notes:-    

*Bicolour type level gauges will be provided for applications involving steam and 
water except for condensate and feed water services. 

Length of gauge glass shall not be more than 1400 mm. If the vessel is higher, 
multiple gauge glasses with 50 mm overlapping shall be provided. 

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.  

17.00.00 TG Related Special Measuring Instrument 

17.01.00 ANALYSER INSTRUMENTS:

Common Requirements 

1 Output signals Analog 4-20 mA DC 

 Binary 2 NO + 2 NC for high alarm 

2. Zero & span 
Adjustment

Available

3. Ambient temp. 50°C 

4. Indication Digital 

5. Enclosure 
Type/Material 

Weather & Dust proof (IP 55) Die cast Aluminium/SS

6. Type of Electronics Microprocessor based 
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9  Optical fiber cables ( OFCs) : 

Outside Building Area - to be laid necessarily inside covered cable tray of 100 
mm  with support from 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 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 covered cable tray of 100 
mm  with support from Trestle structure. 

 Inside Building Area- to be laid necessarily inside separate covered 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. 

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. 

450

985830/2022/PS-PEM-MAX
108

3061515
Text Box



CLAUSE NO.  

TECHNICAL REQUIREMENTS 
 
 

 
KHURJA SUPER THERMAL POWER PROJECT 

(2X660 MW) 
TURBINE GENERATOR AND ASSOCIATED 

PACKAGES 

 
TECHNICAL SPECIFICATION 

SECTION – VI, PART-B 
BID DOC. NO.: THDC/RKSH/CC-9915-371 

SUB-SECTION-IIIC-07 
INSTRUMENTATION CABLES 

PAGE 
13 OF  14 

 
 

(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 

 

Note : For solenoid valve box, the material for the enclosure shall be of steel plate 
(SS304) with minimum 2 mm thick frame and minimum 2 mm thick steel (SS-304) 
sheet. Provision of individual isolation for each solenoid shall be provided 
inside the box. Minimum 100 mm space between the solenoids shall be 
ensured for ease of access and maintenance. All other specifications shall 
be as per above. 

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 terne coated 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 
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 
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                       & HOOK-UP 
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INSTRUMENT INSTALLATION DIAGRAM
(LEVEL MEASUREMENT USING D/P TRANSMITTERS)

FOR TENDER PURPOSE ONLY

0000-110-POI-A-032

TYPICAL THERMAL POWER PROJECT

N T P C LIMITED

(TG PACKAGE)

THDC INDIA LIMITED
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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. 
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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 No 

2 Transducers As per 
standard    
(col 4) 

IEC-
60688,IS127
84 

No No 

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 No 

6 E/P converter As per 
standard    
(col 4) 

Mfr. standard No No 

7 Dust emission 
monitor 

Degree of 
protection 
test  

IS-13947 No No 

8 Instrumentation Cables Twisted & Shielded* 

 -Conductor Resistance 
test 

VDE-0815 No No 

  Diameter test IS-10810 No No 

  Tin Coating 
test (Persul-
phate test) 

IS-8130 No No 

 -Insulation Loss of mass VDE 0472 No No 

  Ageing in air 
ovens** 

VDE 0472 No No 

  Tensile 
strength and 

VDE 0472 No No 
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elongation 
test before 
and after 
ageing** 

  Heat shock VDE 0472 No No 

  Hot 
deformation 

VDE 0472 No No 

  Shrinkage VDE 0472 No No 

  Bleeding & 
blooming 

IS-10810 No No 

 -Inner sheath*** Loss of mass VDE 0472 No No 

  Heat shock VDE 0472 No No 

  Cold bend/ 
cold impact 
test 

VDE 0472 No No 

  Hot 
deformation 

VDE 0472 No No 

  Shrinkage VDE 0472 No No 

 -Outer sheath Loss of mass VDE 0472 No No 

  Ageing in air 
ovens** 

VDE 0472 No No 

  Tensile 
strength and 
elongation 
test before 
and after 
ageing** 

VDE 0472 No No 

  Heat shock VDE 0472 No No 

  Hot 
deformation 

VDE 0472 No No 

  Shrinkage VDE 0472 No No 

  Bleeding & 
blooming 

IS-10810 No No 

  Colour 
fastness to 
water 

IS-5831 No No 

  Cold bend/ 
cold impact 
test 

VDE-0472 No No 
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  Oxygen index 
test 

ASTMD-2863 No No 

  Smoke 
Density Test 

ASTMD-2843 No No 

  Acid gas 
generation 
test 

IEC-60754-1 No No 

 -fillers Oxygen index 
test 

ASTMD-2863 No No 

  Acid gas 
generation 
test 

IEC-60754-1 No No 

 -AL-MYLAR 
shield 

Continuity 
test 

 No No 

  Shield 
thickness 

 No No 

  Overlap test  No No 

 -Over all cable Flammability 
Test 

IEEE 383 No No 

  Swedish 
Chimney Test  

SEN 
4241475 

No No 

  Noise 
interference 

IEEE Trans-
actions 

No No 

  Dimensional 
checks 

IS 10810 No No 

  Cross talk VDE-0472 No No 

  Mutual 
capacitance 

VDE-0472 No No 

  HV test VDE-0815 No No 

  Drain wire 
continuity 

 No No 
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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 No 

 Dry Heat Test IEC-68-2-2 orr
equivalent 

No No 

  Damp Heat test IEC-68-2-3 orr
equivalent 

No No 

  Vibration test IEC68-2-6 orr
equivalent 

No No 

  Electrostatic 
discharge test 

EN 61000-4-2
orr equivalent 

No No 

  Radio 
frequency 
immunity test 

EN-61000-4-3 
orr equivalent   

No No 

  Electromagneti
c field immunity 

EN 61000-4-3
orr    
equivalent 

No No 

  Degree of 
Protection 

IS-13947 or
equivalent 

No No 
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10 Battery ## As per 
standard    
(col 4) 

IS-10918 (Ni-
Cd Batteries) 

IS-1652            
(Lead Acid 
Plante 
Batteries) 

No 

 

No 

 

No 

 

No 

 

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 No 

  Dry Heat Test IEC-68-2-2 orr
equivalent 

No No 

  Damp Heat test IEC-68-2-3 orr
equivalent 

No No 

  Vibration test IEC68-2-6 orr
equivalent 

No No 

  Electrostatic 
discharge test 

EN 61000-4-2
orr equivalent 

No No 

  Radio frequency 
immunity test 

EN-61000-4-3 
orr equivalent   

No No 

  Electromagnetic 
field immunity 

EN 61000-4-3
orr    
equivalent 

No No 

  Degree of 
protection test 

IS-13947 No No 

  Fuse Clearing 
Capability 

Approved 
procedure 

No No 

  Short Circuit 
current capability 

IEC 60146-2 No No 

13 Voltage 
Stabilisers 

Over Load Test Approved 
procedure 

No No 
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  Temp rise test 
without redundant 
fans 

Approved 
procedure 

No No 

14 Public Address System 

 IP based PA 
system 
components  

As per 
Standard  

IEC 60268-
16 

No  Yes  

15 LIE / LIR  Degree of 
protection 
test 

IS-13947 No No 

16 Flue gas 
analyzers 

Degree of 
protection 
test  

IS-13947 No No 

17 Master 
Clock 

Functional 
test 

As per  

approved  
procedure 

No No 

18 CJC Box Degree Of 
protection 
test 

IS-13947 No No 

19 Junction 
Box 

Degree Of 
protection 
Test 

IS-13947 No No 

20 OPC Data 
Access Server, 
Data Exchange 
Server & 
Historical Data 
Access Server 

OPC 
Compliance 
Testing 

 No No                  
(Self 
certification is 
also 
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 No 

25 PLCs As per 
standard (Col 

IEC 1131 No No 
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4) 

26 Flow Nozzle 
Orifice plates, 
Venturi 

Calibration ASME PTC  

BS 1042 

No No 

 
 ##   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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LIST OF DOCUMENTS TO BE SUBMITTED ALONG WITH BID 

 
 

1.0 Bidder to furnish following documents/information along with the bid 
 

 Deviation if any strictly in the enclosed Schedule of deviation with cost of withdrawal only with mention of 
specification clause for which deviation is being asked. (Stamped & Signed). In case of No Technical 
Deviation, bidder to furnish the same format stating “No Deviation” duly Stamped & Signed. 

 Compliance certificate. (Stamped & Signed) 

 Schedule of Declaration. (Stamped & Signed) 

 Un Price Schedule duly filled in. (Stamped & Signed) 
 
Any other documents submitted by bidder except as asked in the bid’s specification shall not be evaluated & 
considered as null & void. 
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COMPLIANCE CUM CONFIRMATION CERTIFICATE 

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

 
1. The scope of supply, technical details, construction features, design parameters etc. shall be as per technical 

specification & there are no exclusions/ deviations with regard to same. 
2. QP/ test procedures shall be submitted in the event of order based on the guidelines given in the specification 

& QP enclosed therein. 
3. QP will be subject to BHEL/Customer approval in the event of order & 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. The charges for 3rd party inspection 
(Lloyds, TUV or equivalent) for imported components shall be included in the base price of the equipment by 
the bidder. 

4. All drawings/data – sheets etc. to be submitted during contract shall be subject to BHEL/Customer review/ 
approval. GA drawings, as submitted with offer at tender stage are for reference purpose only and shall be 
subject to approval during contract stage. 

5. There are no other deviations with respect to specification other than those furnished in the ‘Schedule of 
Deviations’. 

6. The offered materials shall be either equivalent or superior to those specified. Also for components where 
material is not specified it shall be suitable for intended duty, materials shall be subject to approval in the 
event of order. 

7. The commissioning spares (if any) are supplied on ‘As Required Basis’ & prices for same included in the base 
price (If bidders reply to this is “No commissioning spares are required” and if some spares are actually 
required during commissioning same shall be supplied by bidder without any cost to BHEL and Customer). 

8. All sub vendors shall be subject to BHEL/CUSTOMER approval. 
9. Any special tools & tackles, if required, shall be in bidder’s scope. 
10. Performance guarantee test parameters shall stand valid till the satisfactory completion of Performance 

guarantee test and its acceptance by BHEL and Customer. 
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                   PRE BID CLARIFICATION SCHEDULE 

 
All clarification from the Technical Specification shall be filled in by the BIDDER clause by clause in this format only. 

 
 

VOLUME SECTION CLAUSE 
NO. 

PAGE 
NO. 

SPECIFICATION 
REQUIREMENT 

CLARIFICATION REASONS FOR 
CLARIFICATION 

       

       

       

       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PARTICULARS OF BIDDER / AUTHORISED REPRESENTATIVE  

    

NAME DESIGNATION SIGNATURE DATE COMPANY SEAL 
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SCHEDULE OF DECLARATION 

 
 

 
I ……………………………………………………………….………certify that all the technical data and information 
pertaining to this specification are correct and are true representation of the equipment/system covered by our 
format proposal number Dated …………………. and there is no deviation to the specification. 
 
I hereby certify that I am duly authorized representative of the Bidder’s company whose name appears above my 
signature. 
 
 
 
 
 
Bidders Company Name                                                                  …………………………………………. 
 
 
 
 
 
Authorized Representative’s 
Signature                                                                                            ……………………………………….. 
 
 
 
 
 
Name                                                                                                  …………………………………………. 

 
 
 
 
 
       Bidder’s Name                                                                                      ………………………………………….                                                    
 
 
 
 

The bidder hereby agrees to fully comply with the requirements and intent of this specification for the price 
indicated. 
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SL 

NO

VOULME/ 

SECTION

PAGE 

NO.

CLAUSE 

NO.

TECHNICAL 

SPECIFICATION/ 

TENDER 

DOCUMENT

COMPLETE DESCRIPTION OF 

DEVIATION 

COST OF 

withdrawal OF 

DEVIATION

REFERENCE OF 

PRICE SCHEDULE 

ON WHICH COST 

OF withdrawal OF 

DEVIATION IS 

APPLICABLE

NATURE OF 

COST OF 

withdrawal OF 

DEVIATION                     

(POSITIVE/ 

NEGATIVE)

THIS IS A PART OF TENDER TECHNICAL SPECIFICATION PE-TS-492-673-A001

13. In case nature of cost of withdrawal (positive/negative) is not specified it shall be assumed as positive.

14. In case of discrepancy in the nature of impact (positive/ negative), positive will be considered for evaluation and negative for ordering.

11. All techno-commercial terms and conditions of NIT shall be deemed to have been accepted by the bidder, other than those listed in un-priced copy of this format.

PARTICULARS OF BIDDERS/ AUTHORISED REPRESENTATIVE

12. Cost of withdrawal is to be given separately for each deviation. In no event bidder should club cost of withdrawal of more than one deviation else cost of withdrawal of such 

deviations which have been clubbed together shall be considered as NIL.

REASON FOR QUOTING 

DEVIATION

SCHEDULE OF DEVIATIONS WITH COST OF WITHDRAWAL

PROJECT:

2X660 MW THDC KHURJA STPP- CW SYSTEM CIVIL WORKS

SEWAGE TREATMENT PLANT

NAME OF VENDOR:- 

TECHNICAL DEVIATIONS

COMMERCIAL DEVIATIONS

TENDER ENQUIRY REFERENCE:-

10. Any deviation mentioned in priced copy of this format, but not mentioned in the un-priced copy, shall not be considered.

NAME DESIGNATIONS SIGN & DATE

NOTES:

1. For self manufactured items of bidder, cost of withdrawal of deviation will be applicable on the basic price (i.e. excluding taxes, duties & freight) only. 

2. For directly dispatchable items, cost of withdrawal of deviation will be applicable on the basic price including taxes, duties & freight. 

9. For deviations w.r.t. Credit Period, Liquidated damages, Firm prices if a bidder chooses not to give any cost of withdrawal of deviation loading as per Annexure-VII of GCC, Rev-07 

will apply. For any other deviation mentioned in un-priced copy of this format submitted with Part-I bid but not mentioned in priced copy of this format submitted with Priced bid, the cost 

of withdrawal of deviation shall be taken as NIL.

8. Bidders to note that any deviation (technical/commercial) not listed in above and asked after Part-I opening shall not be considered.

3. All the bidders has to list out all their Technical and Commercial Deviations (if any) in detail in the above format.

4. Any deviation not mentioned above and shown separately or found hidden in offer, will not be taken cognizance of.

5. Bidder shall submit duly filled unpriced copy of above format indicating "quoted" in "cost of withdrawal of deviation" column of the schedule above along with their Techno-commercial 

offer, wherever applicable. in the absence of same, such deviation(s) shall not be considered and offer shall be considered in total compliance to NIT

6. Bidder shall furnish price copy of above format along with price bid.

7. The final decision of acceptance/ rejection of the deviations quoted by the bidder shall be at discretion of the Purchaser.
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