
TELANGANA STATE POWER GENERATION CORPORATION 
LIMITED (TSGENCO) 

 
5X800 MW TSGENCO YADADRI TPS (STAGE 2)

 
 
 
 
 

TECHNICAL SPECIFICATION  
 

FOR  
 

VENTILATION SYSTEM 
 
 
 

SPECIFICATION NO.: - PE-TS-417-554-A002  
(REV 00) 

 
 
 
 
 
    

 
 
 
 
 

 
 

BHARAT HEAVY ELECTRICALS LIMITED 
POWER SECTOR  

PROJECT ENGINEERING MANAGEMENT 
PROJECT ENGIEERING INSTITUTE BUILDING  

SECTOR-16A, PLOT NO.-25, NOIDA, INDIA 

6194885
Text Box
PART 2

6194885
Text Box



 
 

TITLE: 
5X800 MW YADADRI TPS 

TECHNICAL SPECIFICATINS FOR  
VENTILATION SYSTEM STAGE 2  (LOW 

SIDE)      
 

SPECIFICATION No: PE-TS-417-554-A002 

SECTION 

REV. 00 DATE: JUNE 23 

SHEET : 1 OF 2 

 

 

CONTENTS  
This Technical specification consists of two sections: 
 
 SECTION - I 
 

SUB- SECTIONS TITLE Page No 

Sub-Section-A INTENT OF SPECIFICATION 4 

Sub-Section-B PROJECT INFORMATION WITH WIND AND SEISMIC DESIGN CRITERIA                                                                7 

Sub-Section-C TECHNICAL SPECIFICATIONS  
Sub Section-C1 SPECIFIC TECHNICAL REQUIREMENT (MAIN AREA) 11 

Sub Section-C2 CUSTOMER SPECIFICATION   

C2 - B PROJECT SPECIFIC GENERAL REQUIREMENTS 
INCLUDING: 

33 

 GENERAL TECHNICAL REQUIREMENT  

 FUNCTIONAL / PERFROMANCE /  
DEMOSTRATION / GUARANTEE TESTS 

 

 DRAWINGS / DOCUMENTS SUBMISSION 
PROCEDURE (Refer ANNEXURE-VI) 

 

 PACKING PROCEDURE  

C2 - C PAINTING SPECIFICATIONS 58 

Sub Section-C4 TECHNICAL SPECIFICATION (C&I PORTION) 73 

Sub Section-E ANNEXURE-I LIST OF MAKES OF SUB-VENDOR ITEMS 98 

ANNEXURE-II MANDATORY SPARE LIST 113 

ANNEXURE-III PAINTING & COLOUR SCHEME 114 

ANNEXURE-IV LIST OF TOOLS & TACKLES 115 

ANNEXURE-V WATER ANALYSIS 116 

ANNEXURE-VI DRAWINGS / DOCUMENTS SUBMISSION PROCEDURE 118 

ANNEXURE-VIII OPERATION AND MAINTENANCE  119 

ANNEXURE-IX SITE STORAGE AND PRESERVATION 124 

ANNEXURE-X  PACKING PROCEDURE (Refer SECTION C2-B) - 

                                
 
 
 
 
 
 
 
 
 
 
 
 



 
 

TITLE: 
5X800 MW YADADRI TPS 

TECHNICAL SPECIFICATINS FOR  
VENTILATION SYSTEM STAGE 2  (LOW 

SIDE)      
 

SPECIFICATION No: PE-TS-417-554-A002 

SECTION 

REV. 00 DATE: JUNE 23 

SHEET : 2 OF 2 

 

 

 
SECTION - II 

 

SUB SECTIONS TITLE Page 
No 

Sub Section-2 LIST OF DOCUMENTS TO BE SUBMITTED WITH BID  140 

Sub Section-3 COMPLIANCE CUM CONFIRMATION CERTIFICATE 141 

Sub Section-4 PRE BID CLARIFICATION SCHEDULE 143 

Sub Section-5 NO DEVIATION CERTIFICATE 144 

Sub Section-6 INPUT DRAWINGS  145 



  

 

 

 
5x800MW YADADRI STPP(STAGE 2) 
VENTILATION SYSTEM(LOW SIDE) 

INTENT OF SPECIFICATION 
           
 

SPECIFICATION No: PE-TS-417-554-A002 

SECTION :  I 

Sub Section:  A 

REV. 00 JUNE 23 

SHEET 1 OF 3 

 

 

 
 
 

   
 
 
 
 

SECTION-I 
 
 

SUB-SECTION-A 
 

INTENT OF SPECIFICATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 

 

 
5x800MW YADADRI STPP(STAGE 2) 
VENTILATION SYSTEM(LOW SIDE) 

INTENT OF SPECIFICATION 
           
 

SPECIFICATION No: PE-TS-417-554-A002 

SECTION :  I 

Sub Section:  A 

REV. 00 JUNE 23 

SHEET 2 OF 3 

 

 

 
 

1.0 INTENT OF SPECIFICATION 
 

1.1 The specification covers  design (i.e. preparation and submission of drawing /documents 
including “As Built” drawings and O&M manuals), engineering, manufacture, fabrication, 
assembly, inspection / testing at vendor's & sub-vendor’s works, painting, maintenance 
tools & tackles,  fill  of  lubricants, chemicals, reagents and consumables required for 
pre-commissioning, commissioning , performance testing and till one year of operation 
after handing over,   mandatory  spares  along with  spares  for  erection,  start-up  and  
commissioning  as  required, forwarding, proper packing, shipment and delivery at site, 
unloading, handling, transportation,  storage & preservation at site, in-site 
transportation, assembly,  erection  &  commissioning,  final  painting  at  site,  minor  
civil  and structural work,  trial  run  at  site and carrying out Performance guarantee / 
Functional / Demonstration tests at site, training of customer/client O&M staff, 
operation and maintenance of the system till handing over  and handover in flawless 
condition to BHEL’s customer of  VENTILATION SYSTEM with mandatory spares as per 
details  in different sections / volumes of this specification and various pre award 
agreements for 5X800 MW YADADRI TPS TELANGANA.  

1.2 The contractor shall be responsible for providing all material, equipment & services, 
which are required to fulfil the intent of ensuring operability, maintainability, reliability 
and complete safety of the complete work covered under this specification, irrespective 
of whether it has been specifically listed herein or not. Omission of specific reference to 
any component / accessory necessary for proper performance of the equipment shall 
not relieve the contractor of the responsibility of providing such facilities to complete 
the supply, erection and commissioning, performance and guarantee/demonstration 
testing   of VENTILATION SYSTEM. 

1.3 It is not the intent to specify herein all the details of design and manufacture. However, 
the equipment shall conform in all respects to highest standards of design, engineering 
and workmanship and shall be capable of performing the required duties in a manner 
acceptable to purchaser who will interpret the meaning of drawings and specifications 
and shall be entitled to reject any work or material which in his judgement is not in full 
accordance herewith. 

1.4 The extent of supply under the contract includes all items shown in the drawings, 
notwithstanding the fact that such items may have been omitted from the specification 
or schedules. Similarly, the extent of supply also includes all items mentioned in the 
specification and /or schedules, notwithstanding the fact that such items may have been 
omitted in the drawing. Similarly, the extent of supply also includes all items required for 
completion of the system and not withstanding that they may have been omitted in 
drawings / specifications or schedules. 

 
1.5 The general term and conditions, instructions to tenderers and other attachment 

referred to elsewhere are made part of the tender specification. The equipment 
materials and works covered by this specification is subject to compliance to all 
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attachments referred to in the specification. The bidder shall be responsible for and 
governed by all requirements stipulated herein.  

 
1.6 While all efforts have been made to make the specification requirement complete & 

unambiguous, it shall be bidders’ responsibility to ask for missing information, ensure 
completeness of specification, to bring out any contradictory / conflicting requirement in 
different sections of the specification and within a section itself  to the notice of BHEL 
and to seek any clarification on specification requirement  in the format enclosed under 
SEC-II of the specification   within 10 days of receipt of tender documents. In absence of 
any such clarifications, in case of any contradictory requirement, the more stringent 
requirement as per interpretation of Purchaser / Customer shall prevail and shall be 
complied by the bidder without any commercial implication on account of the same. 
Further in case of any missing information in the specification not brought out by the 
prospective bidders as part of pre-bid clarification, the same shall be furnished by 
Purchaser/ Customer as and when brought to their notice either by the bidder or by 
purchaser/ customer themselves. However, such requirements shall be binding on the 
successful bidder without any commercial & delivery implication.  

 
1.7 The bidder’s offer shall not carry any sections like clarification, interpretations and /or 

assumptions. 
 
1.8 Deviations, if any, should be very clearly brought out clause by clause along with cost of 

withdrawal in the enclosed schedule (in Sec – II); otherwise, it will be presumed that the 
vendor's offer is strictly in line with NIT specification. If no cost of withdrawal is given 
against the deviation, it will be presumed that deviation can be withdrawn without any 
cost to BHEL/its customer.   

 
1.9        In the event of any conflict between the requirements of two clauses of this specification   

documents or requirements of different codes and standards specified, Sub-Section - C 
shall prevail over Sub-section – D, however more stringent requirement as per the 
interpretation of the owner shall apply.   

   
1.10 In case all above requirements are not complied with, the offer may be considered as 

incomplete and would become liable for rejection.  
 
1.11  For definition of word like Contractor, bidder, supplier, vendor, Customer/ Purchaser 

Employer, consultant, please refer relevant clause of NIT. 
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YADADRI THERMAL POWER STATION 
 

PROJECT INFORMATION  
 

1 Name of the Project YADADRI Thermal Power Station 
2 Station Capacity 5X800 MW ( Coal based ) 

3 Owner Telangana State Power Generation 
Corporation Limited  ( TSGENCO )  

4 Site Location Site is located 7 km from the NH5.  
5 Latitude  16° 42'20.40 N 
6 Longitude  79° 34'41.56 E 
7 Nearest Town 30 Km Miryalaguda 
8 Nearest Railway Station  6.5 Km Damercherla 
9 Nearest Airport 130 Kms (Vijayawada) 
10 Site Conditions 
 Ambient Temperature 

 Daily minimum ( 
average) 10°C 

 Daily maximum ( 
average) 47°C 

 Design Ambient 
Temperature 50°C 

 Ambient temperature  
( performance) 38°C 

 Relative Humidity for 
design / efficiency 48-84 % 

 Annual rainfall, mm 600 mm 

 Plant Elevation above 
MSL 85 m above MSL 

 Mean Wind Speed 44 m/s 

 Wind Pressure As per the latest revision of IS 
875/1987 

 Seismic co-efficient Zone-III as per IS- 1893 (Part-IV) 
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1.0 SCOPE OF WORK 

 

Typical Terminal points shall be as per below snap  
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a)  Supply Scope  

 

 
Following is in Bidder scope under supply part for the tender 
 Table 1 

 

 

 

. 

 

Sl no. Equipment Supply Scope Attached reference 
Document  

1 Ducting related Manufacture, fabrication, 
assembly, inspection / testing 
at vendor's & sub-vendor’s 
works, painting, along with 
spares for erection as required, 
start-up and commissioning 
spares as required, forwarding, 
proper packing, shipment and 
delivery - 
By Bidder 

 
 
 
Pl refer table 2 for list of 
drawings 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pl refer price format 

a GI/MS sheet 

b Insulation 

c Duct support 

d Grills/Diffuser 

e Back Draft Damper/ 
Gravity Damper 

f Intake Louver 

g VCD 

h Other associated 
accessories 

2 Motorized Fire Damper 
/Fusible type Fire Damper 

3 Electrical items   

a Junction box 

b Branch Cable tray 

c Conduits 

d Cable Lugs 

e Cable Glands 

f Distribution board /panel 
,if required 

4 Tools and Tackles 

5 Any other item not 
mentioned directly but 
required to complete the 
Ventilation system 

By Bidder   
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       b)Services scope   

 

 

Following shall be services scope of bidder 
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      Table 2  

 

Sl 
no. 

Equipment  Supply 
Scope  

Service Scope Attached reference 
Document  

1 Air Washer & UAF    
consisting of following 
accessories such as tanks, 
Air washer casing, piping, 
Nozzles, Drift Eliminator, 
Air distribution plate, 
intake louvers etc 
 

BHEL  Unloading, handling, 
transportation, storage & 
preservation at site, in-
site transportation, 
assembly, erection & 
commissioning, final 
painting at site, minor 
civil work, trial run at site 
and carrying out 
Performance guarantee / 
Functional / 
Demonstration tests at 
site, training of 
customer/client O&M 
staff and handover in 
flawless condition of the 
package to the end 
customer  
 

- By Bidder  

 
DATA SHEET & GA FOR AIR WASHER & 
UAF ALONGWITH FAN AND PUMP  
 
AIR WASHER LAYOUT ALONG A ROW 
AND B ROW  
 
P&ID  
 
 
DATA SHEET & GA FOR VALVES AND 
STRAINER  
 
 

2 Pumps for UAF and Air 
washers  

BHEL 

3 Centrifugal fan for 
AWU/UAF and its 
accessories  

BHEL 

4 Valves/ Strainer/Piping BHEL 

5 Motors for above fan and 
pumps  

BHEL DATA SHEET FOR MOTOR FOR FAN AND 
PUMPS 

6 Pre-Filters BHEL DATA SHEET & GA FOR PRE AND FINE 
FILTERS FOR VENTILATION SYSTEM 

7 Instrument such as 
transmitter, Flow meter, 
Temperature Gauge, 
Pressure indicator temp 
cum / Humidity sensor etc. 

BHEL INSTRUMENT SCHEDULE WITH TAG 
NUMBER 
 
DATA SHEET FOR INSTRUMENTS FOR 
VENTILATION SYSTEM 

8 Insulation GI/MS sheet 
Duct support Grills/Diffuser 
All types of Dampers Intake 
Louver VCD Other 
associated accessories  
 

 
Bidder  
 

TYPICAL Details 
DUCT FABRC DRG / SUPPORT / 
EREC.FOR VENTILATION SYSTEM 
INSUL OF DUCT / PIPING & 
EQUIPMENTS 
PIPE ERECTION 
P&ID AND AIR DISTRIBUTION 
FAN SCHEDULE FOR LOUVER/DAMPER 
DATA SHEET FOR PIPE AND 
INSULATION. 
DUCT LAYOUTS/EQUIPMENT LAYOUT 
FOR POWERHOUSE AND ESP AREAS 
 

9 Motorized Fire Damper 
/Fusible type Fire Damper 

Bidder  
 

DATA SHEET FOR FIRE DAMPER 
 

10 Electrical items such as 
Junction box, Branch Cable 
trays, Conduits, Lugs, 
glands etc 

Bidder  
 

IO LIST, DRIVE LIST, DATASHEET OF 
MOTORS 

11 Any other item not 
mentioned directly but 
required to complete the 
Ventilation system 

Bidder  
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Items/ equipment under BHEL scope of supply (being issued to the bidder as ‘free issue’ 

items) shall be handed over to the bidder at site. Bidder shall check and match required 

material as per shipping/packing list. In case any mismatch /shortfall in receipt of material is 

noticed by the bidder, the same shall be brought to BHEL site notice immediately. After 

receipt of the material, storage & preservations including ward and watch of the material 

issued to them by BHEL shall be under bidder’s scope. Loss/ damage of material, if any after 

handing over the same to bidder shall be on bidder’s account and shall be made good by 

bidder without any commercial impact to BHEL.  

 

  Bidder shall ensure their acceptance of the drawings attached with this specification for 

overall system integration and carrying out the performance test of the system. Discrepancy 

in the drawings, if any, noticed by the bidder shall be brought in notice of BHEL during pre-

bid clarification stage.  
 

 Civil Requirements 

 

Bidder to note that civil details have already been finalized based on attached mechanical 

drawings and are under various stages of construction by BHEL. Bidder to erect air 

washers/UAF and its associated systems such as pumps, piping, Valves trainer etc on already 

provided Civil inputs for powerhouse and ESP building. Any change required by bidder in 

these civil facilities during erection shall be carried out by bidder themselves. 

 

S. No. Equipment Civil Foundation Details Foundation Scope 

Containerized Air washer with pump (outside AWU) 

a. 280000 CMH AWU with Fan 8500x8500 mm 

Pump 2050 x950x350 mm 

BHEL 

UAF with pump  

b. 100000 CMH UAF  4000x300x625(Ht)mm 

UAF Fan 2606x2536x600mm 

Pump 1800 x950x300mm 

BHEL 

C Duct Support Primary Duct support along ‘A 
row’ and ‘B row’ 

BHEL 

D Duct Openings Wall openings and Floor 
openings (as per attached 
drawing) 

BHEL 
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Electrical & Control Requirements 

 

Bidder to note that electrical and C&I details have already been finalized based on attached 

mechanical drawings. For supply of miscellaneous electrical items viz. cable lugs, glands etc. 

bidder may refer electrical drawings attached with this specification. Feeder details of motors 

and tentative BOQ of instruments to be erected and commissioned for the system is indicated 

in the table below. 

 

Sr. 

n

o

. 

Items Motor rating 

(Kw) 

Configuration 

W-working 

S- Stand by 

1. Centrifugal fan (140000 CMH / 85 

mm WC SP) 

55 24 W 

2. Centrifugal pump (min 310 CMH / min 

30 m head) 

45 12 W+12 S 

1. Centrifugal fan (100000 CMH / 60 
mm WC SP) 

30 5 W 

2. Centrifugal end suction pump ( min 
77 CMH / 30 m head) 

15 5 W+ 5 S 
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BOQ of Instruments to be installed and commissioned by bidder   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

E&C of Control cable locally i.e Instruments  to junction box shall be in bidder scope  

 

 

 

 

For scope matrix of Electrical items between BHEL & vendor, please refer attached table 

below: 

 

 

 

 

 

 

 

 

 

Instrument type Tentative 

qty 

Differential pressure transmitter  34 

Pressure transmitter for pump 68 

Pressure transmitter for Fan 58 

Level Transmitter for  AWU tank 34 

Flow meter in make up line 17 

Humidistat ( for LT,HT and Boiler MCC)/Temp cum RH 
Sensor  

20 

Temperature Gauge  51 

Pressure Indicator  68 

Temperature Indicator 34 
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Specific Points to be taken care by bidder: 

 

1) Supervision of erection and commissioning of Air washer /UAF, if required, shall be 

arranged by BHEL. 

2) After erecting the equipment, Bidder shall integrate all Electrical and Control and 

instrumentation requirement at site for Air washers and UAF for smooth operation and 

arrange demonstration of PG test(approved document for the same is attached in 

drawings section.)Any item/ equipment not specifically mentioned in this tender but 

required for complete erection, commissioning and successful PG test of the system 

shall be in bidder’s scope of supply. 

3) Drawings such as of GA of  Junction box, FGD building  duct layout stage 2 etc  shall 

be provided by bidder. 

 
 
 
 
 
 
 

6194885
Text Box
In addition to above, Bidder shall provide detailed fabrication drawing of ducting
for the project .BOQ of which shall include size and quantity of Duct sheets , Cleats, Gaskets , nuts, bolts , Duct supports material , duct internal  bracing material etc and shall be submitted to BHEL for review and approval.



 

 

SPECIFIC TECHNICAL REQUIREMENT 

FOR VENTILATION SYSTEM STAGE 2 (LOW 

SIDE) 

 

SECTION – I  

REVISION 00 DATE:  JUNE 23 

SUB SECTION: C1A 

 

 

 
 
 
 
 

2.0      SPECIFIC REQUIREMENTS 

 

2.1 Design Criteria for Ventilation system:  

 

Outdoor conditions shall be considered as follows: - 

 Summer Monsoon Winter 

DBT (°C) 42.7 30.9 15.7 

WBT (°C) 26.5 26.3 13.6  

 

 
i) Fire Dampers (Motorized type electrically operated) shall be provided in at the duct / 

Fan opening of Switch Gear Room. The operation of these automatic dampers shall 

be interlocked suitably with the Air-Conditioning system PLC system by clubbing of 

multiple fire dampers and cabling through junction box (bidder’s scope). Fire 

dampers shall be fusible link type for Oil room 

ii) The air washer shall have minimum 90% saturation efficiency and UAF shall have 

60% saturation efficiency. 

iii) Air Velocity through different system equipment should be maintained as follows:  

a. Intake Louvers (except for AWU/UAF Units): 2m/s through face area (Max.) 

b. Exhaust Louver: 2m/s through face area (Max.)  

c. Volume Control dampers: 10m/s through face area (Max.)  

d. Back Draft dampers: 5m/s through face area (Max.)  

e. Moisture eliminators and Intake Louvers for AWU/UAF Units: 2.5m/s through 

face area (Max.)  

f. Supply Air Grills: 6m/s through face area (Max.)  

 
3.0 SYSTEM DESCRIPTION  
  

3.1 The Ventilation System is provided in the following locations within the Power House by 
Air washers. Coursing of air in desired direction / areas shall be made by using roof 
extractors. 
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i) TG bay (ground, mezzanine and operating floor), HP/LP heater area, condenser 
area, Boiler feed pump area Oil cooler area 

ii) MCC Rooms. 

iii) Cable Spreader Rooms 

iv) Switchgear Rooms 

v) Battery Charger Rooms 

Cooled and filtered air from Air Washer Unit shall be distributed by means of ducting to 

the TG building near various heat sources like turbo-generator, condenser, Boiler feed 

pump HP & LP heaters etc. The hot air from the hall shall be exhausted by means of roof 

extractors. The quantity of air exhausted should be kept lower than the quantity of air 

supplied (usually 60% of the supply air is exhausted) in such a way that a little over 

pressure is maintained inside the hall. This will reduce infiltration of outside hot and dusty 

air. 

The supply air quantity is supplied from Four (4) nos. Packaged type AWU for TG Building 
provided for each unit  

➢ 2 nos. being located outside A-Row of TG building at 0.0 floor; and  

➢ 2 nos. being placed on B-C bay at 32.5M floor level 

Such division and location area decided to achieve effective air distribution.  

The Air Washer Units will primarily serve TG hall and the electrical areas like MCC Room, 

Switchgear Room, and Cable Spreader Room. The washed air supplied to MCC / 

Switchgear/Cable Spreader Rooms shall be exhausted outside through Back Draft 

Dampers. Fire dampers are provided in the supply air ducting leading to all electrical 

rooms (MCC, Switchgear etc.)  

The supplied air in the lower level of TG hall after taking the heat load of TG bay rises 

through different openings to the upper floors and is then finally exhausted (60% of total 

supplied by Air washers) by means of roof exhausters placed over the roof of TG Hall. 

Some quantity of air leaks out through various leakage areas thus maintaining slight 

positive pressure inside w.r.t. outside. 

These being package type of air washers placed, outside, exposed to ambient and hence 

shall be designed accordingly. Further the casing colour shall be similar to the TG building 
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cladding. Also the pump motors exposed of atmosphere shall be provided with IP-55 

protection. Pump motor set shall be provided with canopy for protection from rain etc.  

4.0  PLANT CONTROL FOR EVAPORATIVE COOLING AND VENTILATION SYSTEM  

1. The operation of the Ventilation plant and associated Air washers/UAF shall be done from 
the PLC based control System which is common with air conditioning system (PLC shall be 
part of the air conditioning system package). 

➢ PLC based controls in the ventilation system is provided only for the air washers of 
the powerhouse building and UAF for ESP control building and FGD MCC cum 
control building.   

2. Air washer units shall be started/stopped by initiation from air conditioning system PLC and 
the starting/stopping of fans and pumps shall be automatic upon such initiation. 

3. There shall be inter-locking of the Fire dampers & AWU/UAF with the PLC panel of the air 
conditioning system (part of air conditioning system package) and the fire alarm panel (part 
of fire protection and detection system package).  

4. The operation of the pumps shall be interlocked with the low level of water in the sump. 
High level of the sump shall be annunciated. The standby pump shall be started 
automatically when the working pump is stopped/tripped. 

5. Auto/manual selector switches and working/standby selector switches for the pump shall be 
provided in the panel. 

6. A selection switch enabling the running of AWU/UAF fan or pump alone shall be provided. 
 

7. All instrument Air distribution for SOV shall be through SS manifold with SS isolation and 
auto drain traps 

 
8. Solenoid valves, if applicable, shall be kept in pneumatic junction boxes only. SS tubing 

from SOV to valve shall not be more than 10 meters. 
 

9. Miscellaneous control requirements 

a. Separate emergency local stop push button shall be provided for each pump, fans 
etc. of ventilation system. 

b. Lamps shall be provided for indicating the status of each pump, fans etc. of 
ventilation system in the main and local panel. 

c. All the annunciations related to failure of equipment, tripping of equipment, source 
of failure / reason due to which the equipment is stopped / tripped, low & high limits 
of parameters such as level, temperature, pressure drop, pressure etc. shall be 
provided for each pump, fan, AWU etc. in the respective panel. 
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8.0 ACCEPTANCE TEST 

Temperature test at the out let of Air washer & UAF. Both DB and WB temperature shall be 

measured by measured by sling psychrometer which will have accuracy of +/-0.5% with at 

least count of 0.5 deg C. This will be carried out for 24 hrs. Continuously and readings will 

be taken every one hours interval. Standby equipment should be changed over during 

these 24 hours. This test shall be carried out during summer. The format for recording the 

readings is enclosed at Annexure C. 

Performance test of the Ventilation system shall be carried out at site after proper 

installation. The site test shall include performance testing of equipment for 72 continuous 

hours in summer or monsoon and 24 continuous hours in winter. Bidder, as may be 

required to carry out site tests shall arrange all instruments, tools etc. 

 
The following measurements are also to be done prior to the acceptance of the plant by the 

client: 

01. Air Quantity measurement to be taken at the Inlet Louver to establish the 

Equipment capacity in line with the specification requirement. 

02. Power consumption to be measured for each equipment to establish the total 

Guaranteed Power consumption. 

03. Measurement of Noise and Vibration for different Equipment. 

04. Establishment of the saturation efficiency for all the Air Washer and Unitary Air 

Filtration Units. 

05. Design dry bulb temperature and relative humidity of conditioned air 

 

Instruments required for performance testing of various equipment / system of the package 

shall be arranged by Vendor at site. All calibrated instruments to be used for the tests at 

manufacturer's works/site shall be arranged by the bidder. Any Electrical/C&I items and 

accessories like junction box, glands etc. shall be included by vendor in his scope.  

Bidders shall guarantee to maintain specified inside design conditions during summer, 

monsoon and winter and also even if the internal equipment load varies from 100% to 25%. 

Besides the system performance as above, bidder shall guarantee major technical 
parameters of various equipment’s as per design basis / details furnished. 
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9.0 GENERAL 

9.1 Drawings/documents required for scope of supplies under this contract, if any, shall be 
subject to customer approval during detail engineering stage. 

9.2 All drawings and documents shall be computer based. 

9.3 All commissioning spares & consumables for trouble free operation shall be provided. 

9.4 Indicative list of makes is enclosed elsewhere in the specifications; however, this 
equipment’s / items shall be subject to Customer & BHEL approval during detail 
engineering Stage. 

 

9.5 Instruments required for performance testing of various equipment / system of the package 
shall be arranged by Vendor at site. 
 

9.6 Instrument for testing shall be calibrated by Ventilation plant supplier before taking up 
testing. 
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9.7 Inserts or any support arrangement for fixing ducting, fans, piping etc. shall not be provided 
by BHEL except for supporting structure mentioned in exclusion. Necessary supports may 
be taken from nearest structure / walls / roofs / floors etc. by Vendor. 

9.8 Fixing frame works for diffusers and grilles in the scope of Vendor. 

9.9 Anchor fastener shall be used by vendor for fixing duct pipes etc. wherever applicable. 

9.10 Drain piping for ventilation equipment shall be terminated to the nearest drain by bidder. 

9.11 The tools and machine required for erection of equipment shall be arranged by Vendor. 

9.12 Tools & tackles as required for regular maintenance shall be supplied by Vendor. 

9.13 Temperature gauges shall be provided with thermo wells and fixing arrangement. 

9.14 Pressure gauges shall have provision for air venting. Three-way valves shall be used which 
shall have air venting provision. 

9.15 Matching sockets/ stubs (weld type) for flow switches and other instruments shall be 
supplied. 

9.16 Motorized fire damper will be installed at supply air duct in electrical areas like MCC / 
Switchgear room / cable spreader room etc. in power house building, ESP building and 
FGD MCC cum Control Building. Fire damper will close on receiving fire signal from fire 
protection system and shall also be possible manually from remote control panel. Also 
respective Air washers / UAFs shall trip on receiving fire signal from fire protection system.  

9.17 All openings required in brick wall for ducting, louvers and damper etc shall be provided by 
BHEL as mentioned in this spec. Grouting of fans along with anchor fasteners shall also be 
done by bidder.  

9.18 The openings shall be finished properly. In case openings are done once the wall have 
been painted, repainting, to match with the existing wall paint shall also be done by the 
bidder. Sealing of duct opening, grouting of foundation / foundation bolts etc. including 
special type of grouting like GPX2 etc. are in the scope of Ventilation system bidder.  

9.19 Flat, platform type RCC / PCC foundation shall be provided for installing Air washer / UAF 
and UAF fan / pumps etc. Vendor shall fix the equipment using proper anchor fasteners to 
secure the equipment and obtain parameter related to vibration and noise. 

9.20 All chemical, lubricants and consumables such as grease etc. required for pre-
commissioning, commissioning, performance testing and till one year of operation after 
handing over shall be provided.  

 
9.21 Each motor terminal box shall be provided with cable gland and lugs for the size and type of 

power and control cable of respective motor. 
 

9.22 Bidder should suitably group the signals coming from various instrument etc. and the same 
shall terminate in local JB, from Local JB common cable to PLC / panel / MCC shall be 
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selected. Any Electrical / C&I items and accessories like junction box, glands etc. shall be 
included by vendor in his scope. Only those items shall be provided free of cost which are 
categorically listed in the Electrical scope sheet of technical specification. 
 

9.23 Feeder for a combination of fire dampers / valves etc. shall be derived from respective 
control panel by bidder. Distribution through junction box / distribution board shall be in 
bidders’ scope and shall have provision for isolation of individual fire damper / valves. 
Suitable transformer shall be provided by bidder (if required) to derive the power input. 
 

9.24 In the event of any conflict between the requirements of two clauses of this specification 
documents or requirements of different codes and standards specified, the more stringent 
requirement as per the interpretation of the owner shall apply. 
 

9.25 Bidder shall guarantee to maintain specified inside design conditions during summer, 
monsoon and winter and also even if the internal equipment load varies from 100% to 25%. 

9.26 Secondary supports, anchoring/fastening, tie rods and other duct supports for the ducts 
along A-row and B –row in all areas of the plant shall be in bidder scope. 

 
9.27 The guarantee tests shall cover but not limited to the following rated parameters for smooth 

operation of ventilation system. 
 

➢ Design dry bulb temperature and relative humidity of conditioned air, Auxiliary 
power consumption, Vibration and noise level etc. 

➢ Performance test of the Ventilation system shall be carried out at site after 
proper installation. The site test shall include performance testing of equipment 
for 72 continuous hours in summer or monsoon and 24 continuous hours in 
winter. Bidder, as may be required to carry out site tests shall arrange all 
instruments, tools etc. 

➢ All calibrated instruments to be used for the tests at manufacturer's works/site 
shall be arranged by the bidder. Any Electrical/C&I items and accessories like 
junction box, glands etc. shall be included by vendor in his scope. Only those 
items shall be provide free of cost which are categorically listed in the Electrical 
scope sheet of technical specification. 
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10.0 EXCLUSIONS 

Items of works listed below are excluded from scope of the Ventilation plant supplier. 

10.1 Construction of foundations for Ventilation equipment’s i.e, air washer unit and UAF along 
with pumps, roof/wall openings for dampers/louvres. The openings shall be provided by 
BHEL and its dimensions shall strictly be in accordance to the dimensions of 
dampers/louvres mentioned in this specification. Further, making good, the civil works after 
completion of erection of HVAC equipment’s for all the areas in the scope of this 
specification, where bidder's equipment’s are going to be installed is in bidder’ scope 

10.2 Slab cut out for running ducts, pipes, cables, grilles/dampers, cable trenches for above 
mentioned buildings. However, sealing of duct opening, grouting of foundation / foundation 
bolts etc. including special type of grouting like GPX2 etc. are in the scope of Ventilation 
system bidder 

10.3 For C&I scope, refer C&I specification. 

10.4 Primary Structure for running the ventilation ducting header outside ‘A’- Row and along the 
B-row, however required inputs shall be provided by the bidder. Further the secondary 
supports, anchoring/fastening, tie rods and other duct supports for the ducts in all areas of 
the plant shall be in bidder scope. (Refer approved drawing) 
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test and Uniformity of Zinc coating as per relevant IS shall be conducted on 

cable tray and accessories. 

 

8.02.12  Gauges, Switches, Instruments, etc. 

 

 Accuracy, calibration, repeatability, material, dimension, functional tests and 

other checks as applicable shall be checked. 

 

8.02.13 Painting 

 

Painting of all surfaces shall be checked for shade, surface finish, uniformity, 

coating thickness (DFT) and adhesion test/peal off test.  

 

9.00.00 FIELD TEST 
 

9.01.00   Type Tests 

 

 Bidder should have performed the applicable type tests as per the IS / 

applicable standards on various components of each type and rating. Reports 

not older than five years shall be submitted to this effect. All such type test 

reports shall be subjected to the approval of Purchaser. In case the bidder has 

to carry out these type tests, all such tests shall be done at bidder’s risk and 

cost within the schedule specified herein. No deviation in this regard is 

acceptable. 

 

9.02.00  Field Test 
 

 Overall performance of the ventilation system shall be tested after complete 

installation at site.  This test shall be carried out to determine whether the plant 

meets the performance requirements specified here in and shall include 

measurements of all parameters under various outside conditions and 

establishment of correct supply of equipment.  All testing and calibrating 

instruments required for this purpose shall be supplied by the contractor.  

 

 

10.00.00 PERFORMANCE GUARANTEE, TOLERANCE, PENALTY AND TEST 

RECORD 
 

10.01.00 The Tenderer shall have to guarantee the performance of individual equipment. 

The Tenderer shall also guarantee maintenance of the inside conditions and 

the minimum air changes as indicated under “design criteria”. 

 

10.02.00 The test shall be conducted at the manufacturer’s works / site in accordance 

with the specification and if the shop / site performance tests indicate the failure 

of the guaranteed performance for the equipment concerned, it would be 

necessary for the manufacturer to make good the deficiency at its own cost by 

incorporating the necessary modification, alteration and replacement. 

 

10.03.00 The additional test required to show the effect of such alteration shall be 

performed by the manufacturer at no expense to the purchaser. 

 

10.04.00 TEST RECORDS 

6074979
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VOLUME : X 

 
SECTION-I 

 
PERFORMANCE GUARANTEES 

 
 
1.00.00 PERFORMANCE GUARANTEES, PERFORMANCE/ACCEPTANCE TESTS 

& LIQUIDATED DAMAGES FOR SHORTFALL IN PERFORMANCE  
 
1.01.00 The Bidder shall guarantee that the equipment offered shall meet the ratings 

and performance requirements stipulated for various equipment covered in this 
specification.  The guarantees are categorised as: 

 
a) Those which attract liquidated damages, as listed below (Category-"A"). 

The Bidder shall furnish signed declarations in the manner prescribed in 
the bid proposal schedules for these guarantees. 

 
b) Those which do not attract liquidated damages, as listed below 

(Category-"B").  This guarantee list indicated in this section is not 
exhaustive and the Owner reserves the right to call upon the Bidder to 
demonstrate any parameter, operation, etc. of any equipment as specified 
and as required to meet the duty conditions. 

 
1.02.00 The guaranteed parameters shall be without any tolerance values.  The Bidder 

shall demonstrate all the guarantees covered in various volumes and sections 
of this specification during Performance/Acceptance test.  In case during tests it 
is found that the equipment/system has failed to meet the guarantees, the 
Contractor shall carry out all necessary modification to make the 
equipment/system comply with guaranteed requirements.  However, if the 
Contractor is not able to demonstrate the guarantees, even after the 
modifications within ninety (90) days of notification by the Owner, the Owner 
will at his discretion : 

 
i. reject the equipment and recover the payment already made or accept 

the equipment only after levying liquidated damages as identified in this 
section for those guarantees which are covered under category "A". 

 
 OR  
 

ii. reject the equipment and recover the payment already made or accept 
the equipment only after assessing and deducting from the contract price 
an amount equivalent to the deficiency of the equipment/system as 
assessed by the Owner, for those guarantees which are covered under 
Category-B. 

 
1.03.00 All guaranteed parameters shall necessarily be quoted by the Bidder based on 

the established proven results obtained from similar units in successful 
operation. Evidence for this shall necessarily include the test codes used, 
acceptance test results, accuracies of various instruments used for the 
performance test, details of tolerances, if allowed, etc. While quoting the 
guaranteed parameters, the Bidder shall keep in view the requirements 
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specified in the specification especially regarding the reliability, operability and 
maintainability of the equipment proposed. The Owner reserves the right to 
evaluate the parameters quoted by the Bidder based on his experience and 
published material available. 

 
1.04.00 The liquidated damages shall be calculated prorata for the fractional parts of 

the unit unless stated otherwise. 
 
1.05.00 The turbine generator, boiler, auxiliaries, and all other plant equipment and 

system shall perform continuously without the noise level (individual or 
collectively) exceeding the values specified in respective equipment 
specification over the entire range of output and operating frequencies.  

 
1.06.00 Performance/Acceptance Tests 
 
1.06.01 The performance/acceptance tests for various equipment and systems shall be 

carried out as specified under the respective equipment specifications and 
those specified below shall be specifically applicable.  All the guarantees shall 
be tested together as far as practicable. 

 
1.06.02 In case of systems with stand-by equipment the liquidated damages for 

non-performance will be levied for normal operating number of equipment only. 
However, for this purpose all the equipment including standby equipment shall 
be tested and average values arrived at. 

 
1.06.03 For instrument inaccuracies during PG Test, refer subsequent clauses of this 

section.  
 
1.06.04 For Total Auxiliary Power Consumption, the transformers listed under the 

respective clauses, shall be taken together for purposes of guarantee and not 
individually. 

 
2.00.00 START-UP, INITIAL OPERATION, RELIABILITY RUN AND 

PERFORMANCE TESTS 
 

For the purpose of Taking over of the Plant, the following activities shall have 
to be completed successfully. 
 
i) Mechanical Completion 
ii) Preliminary Operation 
iii) Initial Operation 
iv) Reliability Operation 
v) Trial Operation 
vi) Performance Guarantee Tests 
 

2.01.00 Mechanical Completion 
 

(a) Mechanical completion is defined as the state of readiness of works 
and completeness of Field Quality checks under the scope of contract 
to undergo the pre-commissioning checks, followed immediately 
thereafter by commissioning including preliminary operation, initial 
operation, reliability operation, performance tests including unit 
characteristics tests for functional or operational occupation of the 
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works. 
 
(b) Mechanical completion shall be deemed to occur when the contract 

erection/installation/construction and Field Quality check works are 
completed as per specifications for all equipment / systems including 
standby.  It also include but not limited to the following: 

 
(i) all installation/erection and Field Quality checks duly carried out 

and individual protocol viz. erection, FQA (Field Quality 
Assurance) and commissioning protocol to be signed. 

 
(ii) all defects/deficiencies notified by the Purchaser during 

installation/erection rectified to the satisfaction of Purchaser 
which, in the opinion of the Purchaser, will not affect the safe 
operability and maintainability of the works, and 

 
(iii) the contract works, in the opinion of Purchaser, subject to sub-

clause (ii) above, being fit, sound, safe and operable for 
undertaking the pre-commissioning checks, preliminary 
operation, initial operation, reliability operation and performance 
tests including unit characteristics tests followed by subsequent 
commercial operation without interruption for reason of 
defect/deficiency or unfulfilled obligations of the Contractor in 
the erection/installation work. 

 
2.02.00 Specific Requirements of Mechanical Completion  
 

(a) Mechanical completion in different disciplines shall be determined 
based on the following characteristics, signifying the readiness of the 
works/plants and systems for undertaking the pre-commissioning 
checks and subsequent preliminary operation, initial operation, 
reliability operation and performance tests including unit characteristics 
tests as applicable to the contract works: 

 
(i) All plant construction/installation in various disciplines, as 

detailed under (b) below and as applicable to the contract are 
completed including aesthetic and workmanship and safety 
aspects, with all installation/construction checks as per 
specification, relevant codes, standards and practices ensuring 
conformity to contract and meeting any applicable statutory 
requirements. 

 
(ii) All contractual obligations up to the stage of completion of 

construction / installation are fulfilled to the satisfaction of the 
Purchaser. 

 
(b) All contract works or otherwise ready to be taken into service, or for 

functional or operational occupation save pre-commissioning/ 
commissioning checks, preliminary operation, initial operation, reliability 
operation, performance tests, unit characteristics tests are to be carried 
out as per approved commissioning procedure submitted by the 
contractor including but not limited to the following: 
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(i) Areas inclusive of all roads, accesses, structures, housings, 
platforms, walkways, stairs, ladders, safe approach to 
equipments, safety/ protective guards, covers, hand rails and 
such items of work are constructed as per specification and 
approved for use. 

 
(ii) Drains, sewers, waste disposal channels, vents, chutes, ducts 

and such works are constructed and connected to treatment 
and other disposal systems. 
 

(iii) Equipment and piping in different systems/disciplines with all 
appurtenances, auxiliaries and accessories along with 
supporting structures, hangers, mounts, etc., are erected/ 
installed, supported, anchored, aligned, grouted and adjusted 
for operating conditions. 
 

(iv) Electrical power supply, control, communication and lighting 
equipment along with control panels, control desks, switchgear, 
local starters and such accessories along with protective 
systems, interlocks and integral and auxiliary systems are 
permanently installed, aligned and adjusted, with megger, 
continuity and specified installation checks duly carried out. 
 

(v) Cables are laid, routed, supported, dressed, clamped, tagged, 
ferruled and terminated with clamp terminals designated and all 
continuity and megger checks duly carried out. 
 

(vi) Safety/relief valves are calibrated and set to operating 
conditions and tried out.  All safety systems are installed, 
calibrated, checked and accepted. 

 
(vii) Plant identification numbers, colour codes, tags, nameplates 

are duly mounted / painted/affixed. 
 

(viii) All painting, lining and insulation works are completed with 
specified checks to the satisfaction of the Purchaser. 

 
2.03.00 Other Prerequisites for Mechanical Completion 
 
 The Contractor shall also meet the following prerequisites for mechanical 

completion: 
 
(a) Submit a compilation of all reports of shop tests, material tests and 

various stage inspection establishing total compliance to contract 
specification in manufacturing items of supply of contract. 

 
(b) Submission of a certificate by the Contractor in a format agreed by the 

Purchaser that the contract works have been designed, selected, 
manufactured, furnished and installed under the full responsibility of the 
Contractor. 

 
(c) All erected plants, structures, equipment and systems are maintained 

and preserved in sound condition and are fit and sound to undertake 
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pre-commissioning checks and ‘tests before commercial operation’ for 
operational and functional occupation immediately thereafter. 

 
(d) All areas and constructed works are cleared daily upto the satisfaction 

of the Owner of all construction materials, temporary works, debris, 
rubbish water and all such impediments to render the contract works 
safe, sound and operable. 

 
(e) All safety features and safety equipment are functional. 
 
(f) Fire prevention and fire extinguishing system in all fire prone areas are 

to be made functional. 
 
(g) Any specific statutory approvals pre-requisite to commissioning of the 

plant are duly obtained. 
 
2.04.00 Preliminary Operation 
 
 Preliminary operation shall mean all activities undertaken as part of 

commissioning after mechanical completion upto commencement of initial 
operation and shall include mechanical and electrical checkouts, calibration of 
instruments and protection devices, commissioning of sub/supporting systems 
covered under the contract. 

 
2.05.00 Initial Operation 
 
 Initial operation shall include all operations undertaken as part of 

commissioning after completion of preliminary operation upto commencement 
of reliability operation. It shall be the first integral operation of the complete 
BOP integrated with Boiler, Turbine Generator package covered under the 
contract and shall include first light up / initial equipment rolling, equipment 
stretch-out, dry-out no-load / partial load /full loads runs for mechanical / 
electrical tryout and gathering of operational data, calibration, setting and 
commissioning of controls systems; and shutdown inspection and adjustment 
after running trails of the plant under the contract. 

 
During initial operation each and every activity wise commissioning protocols 
are to be jointly signed by the Purchaser and Contractor commissioning team.  
 
The auto loop control tuning shall continue upto the commencement of 72 hour 
full load operation of trial run. 
 
The initial operations shall include operation of unit as a whole under normal 
operating conditions for twenty four (24) consecutive hours at the 100% 
TGMCR load or twelve (12) consecutive hours for two (2) consecutive days at 
the 100% TGMCR load unless otherwise agreed to by the Purchaser or 
restricted by system load conditions.  The completion of initial operation will be 
certified in writing by the Purchaser. 

 
2.06.00 Reliability Operation 
 

(a) After the initial operations, the plant shall be on reliability operation.  
During the reliability operation, the Contractor will be allowed to make 
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minor adjustments as may be necessary, provided that such 
adjustments do not interfere with or prevent the commercial use of the 
plant or result in significant reduction of output.  The duration of the 
reliability operation of plant shall be spread over a period of thirty (30) 
days.  The maximum number of interruption attributable to Contractor 
shall be of four (4) numbers each not exceeding four (4) hours duration.  
In case either the number of interruptions, attributable to the Contractor, 
exceeds four (4) or the duration of any of the four (4) interruptions 
exceeds four (4) hours the reliability test shall be repeated. 

 
(b) For the period of reliability operation, the time of actual operation shall 

be counted.  In case the duration of actual continuous operation of any 
of the above modes is discontinued for reasons, which are not due to 
Contractor’s fault or negligence, that particular test would be deemed to 
have satisfied the reliability operation test.  However, should the test be 
discontinued due to Contractor fault, the test shall be restarted for that 
particular case. 

 
(c) Should any failure (other than of an entirely minor nature) due to or 

arising out of faulty design, materials, or workmanship (but not 
otherwise) occur in any item of the plant, sufficient to prevent 
commercial use of the plant, the reliability test period of thirty (30) days 
shall recommence for that item after the defect has been remedied by 
the manufacturer/Contractor.  The onus of proving that any failure is not 
due to faulty design, materials and workmanship will lie with the 
Contractor. 

 
(d) A ‘reliability operation’ report comprising observations and recordings of 

various parameters measured in respect of the ‘reliability operation’ 
shall be prepared and submitted to the Purchaser.  This report, besides 
recording the details of various observations during ‘reliability operation’ 
shall also include the dates of start and finish of the reliability operation 
and shall be signed by the representatives of both the parties. The 
report shall have recordings of all details of interruptions that occurred, 
adjustments made and any repairs carried out during the ‘reliability 
operation’. 

 
 Also a punch list is to be prepared during the reliability test and the 

defects are to be rectified by the contractor before commencement of 
72 hour operation at full load during trial operation.  

 
(e) Should any failure or interruption occur in any portion of the tests due to 

or arising from faulty design, materials, workmanship, omissions, 
incorrect erection, or inadequate instructions by the Contractor’s 
supervisors, sufficient to prevent safe commercial use of the plant, the 
reliability operation test at the particular load shall be considered void 
and the reliability test shall recommence after the Contractor has 
remedied the cause of the defect. 

 
(f) During the reliability operation all the equipments, Raw/ DM water 

system and sub-systems, control loops, interlocks and protection 
including switchyard installations will be in service and change over to 
standby equipments are to be done on running condition of the unit.  
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(g) The ‘reliability operations’ shall be considered successful, provided that 

each item of plant can meet the above requirements. 
 
(h) Upon the completion of ‘reliability operations’, as soon as practicable, 

or at such time as may be otherwise agreed to by the parties 
concerned, the Contractor shall notify in writing to the Purchaser that 
the Plant is ready for performance tests. 

 
2.07.00 TRIAL OPERATION: 
 

1. On completion of erection of any major items along with its auxiliaries, 
the same shall be thoroughly inspected by the Contractor together 
with the TSGENCO’s Engineers for correctness and completeness 
and acceptability for pre-commissioning tests.  Though the 
TSGENCO’s Engineers associate themselves with such inspection, 
the responsibility for declaration for correctness, completeness and 
acceptability shall rest with the Contractor and the pre-commissioning 
tests and inspections shall be carried out after such declaration.  The 
pre-commissioning tests to be performed at site as well as necessary 
documentation and formats for the protocols to be signed during and 
after the tests shall be prepared by the Contractor taking into account 
relevant Indian/International/ Manufacturers standard as applicable 
and finalized by the TSGENCO sufficiently in advance through mutual 
discussions.  On conclusion of satisfactory pre-commissioning tests of 
each individual equipment, the trial operation of the unit shall start 
consistent with parameters of the technical specifications. 

 
2. The duration of trial operation shall be for 14 days during which period 

the unit shall be run from half to full load or any other load cycle 
mutually agreed to during which period the unit shall run at full load for 
72 hours continuously. However, if required, the Purchaser and the 
Contractor may mutually agree for economical load operation for 48 
hours continuously.  Any interruption caused by the Contractor up to 
24 hours will not effect the period of 14 days indicated above.  In case 
of such interruption occurring for more than 24 hours, the above 
period shall be extended correspondingly.  During the above trial 
operation the standby auxiliary equipment shall also be run for a 
minimum period of more than 72 hours during which period the 
equipment shall run at its rated capacity for a minimum period of 24 
hours.  Further the above trial operation shall be carried out in full 
fledged manner with the associated instruments and controls.  The 
unit is deemed to be commissioned on successful completion of the 
above trial operation. 

 
3. A document shall be prepared on the results of trial operation.  This 

document besides recording of the details of the various observations 
during the trial run will also include the date of start and finish of the 
trial operation and will be signed by the representative of both the 
parties.  The document of the trial operation shall have log sheets and 
all adjustments, repairs, interruptions etc., shall be recorded therein. If 
any major adjustment is carried out which has been changed from the 
initial operation value, then the reason for it is to be furnished in the 
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report in detail. 
 
 The Purchaser and the Contractor will observe the plant overall 

reliability and shall test the equipment runback, rundown, auto start of 
equipments, CMC function and its reliability, complete automation of 
the plant system etc. 

 
4. The readiness of the unit for the trial operation shall be intimated by 

written notice to the TSGENCO after mutual discussions.  After receipt 
of such notice if the trial operation could not be performed or could not 
be completed due to any reasons not attributable to the Contractor 
and if the situation continues, the Contractor shall be absolved of the 
responsibility for the delay and the plant shall be deemed to have 
been taken over by the TSGENCO at the end of 60 days after the 
Contractor’s notifications of readiness of the same.      

 
5. The trial operation shall be carried out in compliance with relevant 

manufacturer’s standards and/or relevant Indian/International 
standards and manufacturer’s operation directions before starting 
them. 

 
6. Defects which are minor in nature and do not endanger the safe 

operation of the plant, shall not be considered as reasons for not 
taking over the plant by the TSGENCO.  These defects shall be listed 
in the above mentioned documents and shall be rectified by the 
Contractor in accordance with the agreement made in this respect. 

 

 
2.08.00  Performance Tests 
 

(a) PG test notification to be given by the contractor to the purchaser after 
COD. The performance tests shall be conducted at site on all major 
systems by the Contractor. The Contractor’s commissioning Engineers 
shall make the entire plant ready for such tests and assist the 
Purchaser in operation during the tests. The test shall be commenced 
after the ‘Plant/Equipment’ has attained stable operation at the end of 
‘reliability operation’. The date of commencement of the performance 
tests shall be as soon as practicable on completion of the ‘reliability 
operation’ or as may be mutually agreed upon between the Contractor 
and Purchaser. 

 
 Final trail operation shall be carried out for a period of seventy two (72) 

hours at 100% TGMCR before ‘taking over’. 
 
(b) Independent Inspector 
 
 The Purchaser reserves his right to appoint an independent inspector 

at his own cost as his representative to discuss the test programme, to 
approve the instrumentation, to witness the tests and to analyze the 
test results. 

 
(c) The tests shall be binding on both the parties of the contract to 

determine compliance of the ‘plant’/‘equipment’ with the performance 
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guarantees. 
 
(d) The performance tests shall be carried out to prove the guarantees.  

The purpose of the performance tests is to check whether the plant 
meets the guaranteed performances. 

  
(e) The performance test procedure, the instrumentation to be installed, the 

instrument accuracy classes, including the definition of the calculation 
method to be used, the areas of responsibility and the items which 
specifically require preparation and agreement shall be submitted by 
the Contractor for review and approval during detail engineering phase.  
The schematics identifying the guarantee test instrumentation shall be 
submitted along with procedure.  It shall be ensured that necessary test 
points and spool pieces are installed during the detail-engineering 
phase and also identified in process and instrumentation drawings. 
Code of the PG test is to be fixed up during detail engineering stage. 
The Contractor shall furnish detail test programme during detail 
engineering stage. 

 
(f) The performance test instruments shall be of precision type with 

instrument accuracy limits as required and defined in the applicable 
performance test codes such that measurement uncertainty does not 
exceed the values agreed to by the Contractor in the Schedule of 
Performance Guarantees. 

 
(g) All test instrumentation for the performance tests as required shall be 

supplied by the Contractor on loan basis.  All costs associated with the 
supply, calibration, installation and return of the test instrumentation are 
deemed to have been included in the contract price.  The test shall be 
in accordance with those specified or as per agreed performance test 
codes.  Batch calibration shall not be accepted. 

 
(h) Any special equipment, tools and tackle required for successful 

completion of the performance tests shall be provided by the 
Contractor. 

 
(i) It is Contractor’s responsibility to co-ordinate for carrying out the 

performance tests.  The duration of the test shall be in accordance with 
the agreed test codes.  All other tests to prove the guarantees as 
indicated in the Contractor’s offer shall also be conducted. 

 
(j) The plant parameters during the performance test shall be adjusted as 

far as practicable to the guaranteed performance test conditions.  The 
tests shall be conducted to provide guaranteed parameters as defined 
in the contract. 

  
(k) Category-B tests are to be completed before Category-A PG test. 

Protocols are to be signed jointly by the Purchaser and Contractor for 
each Category-B test.  

 
(l) Reporting of Test Results 

 
(a) Within two weeks after the conclusion of the performance test, 
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the Contractor shall submit ten (10) copies of test reports to the 
Purchaser stating whether the plant passed or failed such 
test(s), accompanied by sufficient test data and calculations to 
demonstrate the level of performance attained with respect to 
each of the tested parameters. 
 

 (b) The report(s) shall include as a minimum, the following:- 
 

(i)  Scope 
 
(ii)  Various guaranteed parameters & tests as per the 

contract. 
 

(iii) Codes/standards used 
 
(iv) . Description of the test procedures 
  
(v) Full schematic diagrams with indication of test 

instruments locations and identification tags of same. 
    
(vi) Instrumentation details and calibration. 
 
(vii) Duration of test, frequency of readings and number  of 

test runs  
 
(viii) Test logs and summary of test readings used for 

performance calculations. 
 
  (ix) Full set of correction curves. 

 
  (x) Computation of test results. 
    
   (xi) Sample calculation 
 
   (xii) Performance calculation  
 

 (xiii) Computations to prove measurement uncertainty is 
within acceptable limits. 

 
(xiv) Acceptance criteria  

      
 (xv) Any other information required for conducting the  

 test 
  

(xvi) Conclusions of performance tests. 
 

(m) Within fifteen (15) days of receipt of such test report(s), the Purchaser 
shall submit a notice to the Contractor stating either:- 
 
(i) That Purchaser concurs with the information provided in the test 

report(s), or 
 

(ii) That Purchaser disputes some or all of the information provided 
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in the Contractor’s test report(s), the areas being disputed, and 
the levels of performance being disputed. 
 

(n) If Purchaser concurs with the information in the Contractor’s test 
report(s), the Purchaser shall, within fifteen (15) days of receipt of the 
test report, provide a written notice to the Contractor accepting the 
results of the tests. 
 

(o) If Purchaser disputes any or all of the results contained in the 
Contractor’s test report(s), the Contractor and Purchaser shall meet 
within fifteen (15) days of the receipt of the Purchaser notice at a 
mutually acceptable location to review and discuss the dispute. 

 
 All the category-B test results are to be computed and to be submitted along 

with the PG test report for detail study by the Purchaser.   
 
2.08.00 Notice of Tests 
 
 The Contractor shall issue 21 days notice to the Purchaser of the date after 

which he will be ready to commence the tests and the Contractor shall 
commence the tests promptly thereafter.   

 
2.09.00 Delayed Tests 
 

(a) If the tests could be carried out but are being unduly delayed by the 
Contractor, the Purchaser may by notice inform the Contractor to 
conduct the tests within 14 days after the receipt of such notice.  The 
Contractor shall conduct the tests on such days within that period as 
the Contractor may fix and of which he shall issue notice to the 
Purchaser. 

 
(b) If the Contractor fails to conduct the tests within such notice period, the 

Purchaser may himself proceed with the tests.  All tests so conducted 
by the Purchaser shall be at the risk and cost of the Contractor and the 
cost thereof shall be deducted from the contract price or charged to the 
Contractor.  The tests shall then be deemed to have been conducted 
by the Contractor and the test results shall be binding on the 
Contractor. 

 
(c) Facilities for Tests on Completion 
 
 Except where otherwise specified, the Contractor shall provide and 

bear costs for these items, as may be required to carry out the tests on 
completion. 

 
(d) Retesting 
 
 If the plant fails to pass the test (which in the case of performance tests 

means not achieving the acceptable limits), the Purchaser may require 
such tests to be repeated on the same terms and conditions save that 
only reasonable notice of the date and time of such tests shall be 
required to be given by the Contractor to the Purchaser. 
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Demonstrated without disturbing normal operation. 
 

4.07.00 Coal Handling Plant 
 
  Refer Cl. No. 10.00.00 in Volume-IV-A. 
 
4.08.00 Water Treatment System 
 

Performance Guarantee of Chemical Feed System shall be in accordance with 
Cl. No. 8.04.00 in Section-IV, Volume-II-B of the EPC Bid Specification.  
 
Performance Guarantee of Condensate Polishing System shall be in 
accordance with Cl. No. 8.04.00 in Section-VI, Volume-II-C of the EPC Bid 
Specification. 
 
Performance Guarantee of River Water Pre-Treatment System shall be in 
accordance with Cl. No. 8.04.00 in Section-I, Volume-III-C of the EPC Bid 
Specification. 
 
Performance Guarantee of Demineralisation System shall be in accordance 
with Cl. No. 8.04.00 in Section-II, Volume-III-C of the EPC Bid Specification. 
 
Performance Guarantee of Circulating Water Treatment System shall be in 
accordance with Cl. No. 8.04.00 in Section-III, Volume-III-C of the EPC Bid 
Specification. 
 
Performance Guarantee of Waste Water Treatment System shall be in 
accordance with Cl. No. 8.04.00 in Section-IV, Volume-III-C of the EPC Bid 
Specification. 
 

4.09.00 Instrumentation and Control 
 

The Bidder shall demonstrate that the Instrumentation and Control system 
meets all the functional/performance requirements, specified in technical 
specifications. 

 
4.10.00 Noise Level 
 

The Bidder shall demonstrate Noise Level of various 
plants/equipments/systems as per Clause no. 17.02.00 in Section-IV of 
Volume-II-A. 

 
4.11.00 Air Conditioning & Ventilation system 
 

The rating and performance figures of the AC & Ventilation system & 
equipment as indicated in the respective technical specification shall be 
guaranteed by the Bidder.  In the event of any deficiencies in meeting the 
guarantees as indicated in the technical specification after conducting the 
performance test, the bidder shall put all his efforts to rectify the deficiencies or 
will replace the equipment / accessories to achieve the specified performance 
parameters within a reasonable time. 
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a) Bidder shall apply in writing to Owner for handing over of the complete 
Control & Instrumentation System after successful demonstration of 
tests as specified up to "Availability Guarantee Test". 

b) Owner shall take over charge of the C&I system subject to fulfillment 
of the conditions enumerated hereunder : 

i) Site check-list prepared by Owner are fruitfully attended by 
Bidder and certified by Owner. 

ii) Operation/ Instruction manuals are updated to incorporate 
changes made up to Availability Test Run. 

iii) Drawings/ sketches are submitted as per Contract, on as- built 
basis. 

iv) Close loop controls, Binary & Sequential controls should be 
working on auto and interlocks are demonstrated to be 
functional. 

v) Equipment and system supplied by Bidder are in working 
condition. 

vi) Short supply items, as per Contract, are refurnished by Bidder. 

vii) The above conditions are in addition to fulfillment of any/all 
other contractual obligations of Bidder towards Owner. Partial 
handing-over of systems /equipments shall not be permissible, 
except if desired so by Owner in special cases.   

11.00.00  TRAINING OF PERSONNEL 

11.01.00 Bidder shall include in the proposal training of Owner’s personnel of different 
categories for operation, maintenance and troubleshooting of the supplied 
equipment. Training courses shall be conducted by experienced personnel of 
Bidder. Course participants shall receive individual copies of technical 
manuals at the time the course is conducted. Upon completion of each 
course, training manuals shall be property of Owner. Bidder shall supply all 
updates and revisions to the manuals. 

11.02.00 Training shall be provided to operating, programming and maintenance 
personnel.  The training shall be conducted at  original equipment designer / 
manufacturer’s works. While the exact content and duration  of such training 
shall be guided by Bidder’s experience , following gives the basic and 
minimum requirement of operation and mainteanance , troubleshooting 
training from Owner’s point of view. 

 
11.03.00 PLANT OPEARTION TRAINING 
 

NO.OF 
PERSO
NNEL 

CATEGORY OF 
PERSONNEL 

SUBJECT DURATION 

12 Control Engineer  
Main plant through DDCMIS 
OS 

8 weeks 
each 

16 Control Engineer PADO System Usage  
2 weeks 
each 
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SECTION-XIII 

     TECHNICAL SPECIFICATION 

FOR 

 PROTECTIVE LINING AND PAINTING 

 
1.00.00 INTENT OF SPECIFICATION 
 
 
1.01.00 This specification addresses the requirements of all labour, material, and 

appliances necessary with reference to preparations for lining / painting, 
application as well as finishing of all lining / painting for all mechanical and 
electrical equipment, piping and valves, structures etc. included under the scope 
of this Package. 
 

1.02.00 The Bidder shall furnish and apply all lining, primers including wash primers if 
required, under-coats, finish coats and colour bands as described hereinafter or 
necessary to complete the work in all respects. 
 

2.00.00 CODES & STANDARDS 

2.01.00 The Bidder shall follow relevant Indian and International Standards wherever 
applicable in cleaning of surface, selection of lining material / paints and their 
application. The entire work shall conform to the following standards / 
specifications (latest revision or as specified). 

a)  SSPC SP 10 / NACE 2 / 
S 2½

: Near White Blast Cleaning 

b)  SSPC PA 2 : Measurement of dry film Coating Thickness 
with magnetic gauges. 

c)  ASTM D 4541 : Method for pull off strength using portable 
Adhesion Tester. 

d)  NACE RP 0274 – 2004 : High-Voltage Electrical Inspection of Pipeline 
Coatings 

e)  NACE SP 0188 – 2006 : Discontinuity (Holiday) Testing of New 
Protective Coatings on Conductive 
Substrates 
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f)  NACE RP 0169 – 2002 : Control of External Corrosion on 
Underground or Submerged Metallic Piping 
Systems 

g)  AWWA C 210 – 2007 : Liquid-Epoxy Coating Systems for the Interior 
and Exterior of Steel Water Pipelines 

h)  IS 3589:2001 Annexure 
B  

: Steel Pipes for Water and Sewage 
Specification. 

i)  AWWA C222-2000 : Polyurethane Coating for the Interior and 
Exterior of Steel Water Pipe and Fittings. 

j)  IS 13213 : 2000 : Polyurethane Full Gloss Enamel (Two pack)  

    

 

3.00.00 GENERAL REQUIREMENTS 

3.01.00 The steel surface preparation prior to actual commencement of coating shall 
conform to SSPC SP 10 / NACE 2 / Sa2½ (near white metal) with sand blasting. 

3.02.00 The contractor shall submit a detailed written description in the form of a manual 
covering coating equipment, procedures, materials inspection test, and repair 
etc. to Owner/Consultant for approval. 

3.03.00 The contractor shall also provide copies of test reports from NABL approved 
laboratory (like National Test House, Kolkata) in support of the paint/primer 
materials to be used shall conform to the specification requirement. 

3.04.00 The contractor shall also provide certificates from paint/primer manufacturer 
mentioning the batch numbers, date of manufacture and shelf life etc. of the 
materials to be used.  In addition to that Manufacturing Quality Plan (MQP) and 
Field Quality Plan (FQP) shall also be submitted prior to commencement of 
supply of material and field application. 

3.05.00 Paint/coating application work at site shall be done either by paint manufacturer 
or by their authorized applicator. The authorized applicator shall have proper 
training & certification from manufacturer. Applicator shall possess all the 
necessary specialized equipment and manpower experienced in similar job. 
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3.06.00 Applied coating shall be tested for dry film thickness, holiday (electrical 
inspection for continuity) and adhesion as per relevant standard such as SSPC 
PA 2, NACE RP 0274 and ASTM D 4541. 

3.07.00 If necessary, the material may be heated and applied by airless spray / plural 
component spray system. 

 
3.08.00 Manufacturer's specific recommendation, if any, shall be followed during 

application of lining / paints. 

3.09.00 In areas where there is danger of spotting automobiles or other finally finished 
equipment or building by wind borne particles from paint spraying, a Purchaser 
approved method shall be adopted. 

3.10.00 The colour scheme of the entire Plant, covered under this specification shall be 
approved by the Purchaser in advance before application. 

3.11.00 All indoor and outdoor piping, insulated as well as uninsulated will have approved 
colour bands painted on the pipes at conspicuous places throughout the system, 
as approved by Purchaser. 

3.12.00 Inside surfaces of vessels / tanks shall be protected by anticorrosive paints or 
rubber lining as required / specified elsewhere in the specification.  External 
surfaces of all vessels / tanks shall be protected by anti corrosive painting. 

3.13.00 For vessels / tanks requiring lining and epoxy painting all inside surface shall be 
blast cleaned using non-siliceous abrasive after usual wire brushing. 

3.14.00 Natural rubber lining shall be provided on the inside of vessels / tanks as 
required / specified elsewhere in the specification, in three layers resulting in a 
total thickness not less than 4.5 mm. 

3.15.00 Surface hardness of rubber lining shall be 65 +/- 5 deg. A (shore). 

3.16.00 After the lining is completed, the vessels / tanks shall not be subjected to any 
prolonged exposure to direct sunlight in course of its transportation, erection etc.  
They shall not be stored in direct sunlight.  No further lining or burning shall be 
carried out on the vessel, after application of the lining. 
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3.17.00 All lining projecting outside of the vessel shall be protected adequately from 
mechanical damages during shipment, handling storage etc. 

3.18.00 Suitable warnings, indicating the special care that must be taken with respect to 
these lined vessels shall be stenciled on their outside surface with the letters at 
least 12 mm high.   

3.19.00 All insulated piping shall have aluminium sheet jacketing.   

4.00.00 EQUIPMENT, MATERIAL AND SERVICES TO BE FURNISHED BY THE 
BIDDER 
 

4.01.00 After erection at site, the outside surfaces of all equipment having a shop coat 
shall be given further priming coat and finished coats of paint as detailed in 
following clauses. However, if the painting system is such that the shop coat and 
primer coat to be applied at site are not compatible, then shop coat has to be 
removed from the surface of equipment before application of primer coat with 
prior blasting. 

 
 All factory finished paints shall be touched up at site as required. 
 
 All uninsulated piping shall be finished with final paintings after use of proper 

wash primer and primer.   Aluminium sheet jacketed piping need not be painted.  
Colour bands of Purchaser's approved shade shall however be applied on 
jacketed piping  near walls or partitions, at all junctions, near valves and all other 
places as instructed by the Purchaser.  All structures shall be painted with 
approved paint. 

 
4.02.00 Surface Preparation 
 
4.02.01 Unless mentioned otherwise, all rust and mill scale shall be removed by blasting 

to Sa 2-1/2 Swiss Standard before applying the primer. 
 
4.02.02 Special care shall be taken to remove grease and oil by means of suitable 

solvents like Trichloroethylene or Carbon Tetrachloride. 
 
4.02.03 The minimum degree of surface preparations for all equipment, piping, fittings, 

valves, structures etc. shall be "Near White" according to Steel Structure, 
Painting Council-SSPC-SP-10 before application of any primer/paint. 

 
4.03.00 Painting 
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4.03.01 Specification for application of paints for external surfaces protection of  vessels / 
tanks / equipment / piping / fittings / valves etc. to be installed indoor shall be as 
follows : 

 
a) Surface preparation shall be done either manually or by any other approved 

method. 
   

b) Primer Coat shall consist of one coat (minimum DFT of 50 microns) of 
chlorinated rubber based zinc phosphate. 
 

c) Intermediate Coat (or Under Coat) shall consist of one coat (minimum DFT of 
50 microns) of chlorinated rubber based paint pigmented with Titanium 
Dioxide. 

 
d) Top Coat shall consist of one coat (minimum DFT of 50 microns) of 

chlorinated rubber paint of approved shade and colour with glossy finish. 
 

e) Total DFT of paint system shall not be less than 150 microns. 
 
4.03.02 Specification for application of paints for external surfaces protection of  vessels / 

tanks / equipment / piping / fittings / valves etc to be installed outdoor shall be as 
follows : 

 
a) Surface preparation shall be done by means of sand blasting, which shall 

conform to Sa 2-1/2 Swiss Standard. 
 

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

 
c) Intermediate Coat (or Under Coat) shall consist of one coat (minimum DFT of 

100 microns) epoxy resin based paint pigmented with Titanium Dioxide. 
 

d) Top Coat shall consist of one coat (minimum DFT of 75 microns) of epoxy 
paint of approved shade and colour with glossy finish. Additional one coat 
(minimum DFT of 25 microns) of Finish Coat of polyurethane shall be 
provided. 

 
e) Total DFT of paint system shall not be less than 300 microns. 

 
4.03.03 Specification for application of paints for external surfaces protection of  steel 

pipes and fittings which are buried underground / laid inside a hume pipe & 
or submerged Under Water and laid under Pipe Trenches (in road/rail/pipe or 
trench crossings) shall be as follows : 
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External surface of the pipe, fittings, specialties etc. handling raw water/clarified 
water/filter water shall be painted with one coat of two part chemically cured 
polyurethane primer of min 50 micron dry film thickness followed by three or 
maximum four coats of two part solvent less polyurethane to build up coating of 
dry film thickness of 2000 micron including primer coat.  
 
 
 

 
4.03.04 Specification for application of paints for internal surface protection of large 

diameter pipes (sizes above  600 mm NB and above) if any, shall be as follows : 
 

a) All Internal surfaces of steel pipes, fittings, specialties etc. buried 
underground or located within pipe trenches shall be given epoxy coating to 
protect them from (except for drinking water service, where the compatible 
painting shall be so selected to meet relevant quality standards) corrosion. 

 
b) Internal surface of the pipe should be coated with one coat of two part epoxy 

primer with not less than 50 micron DFT (dry film thickness) followed by two 
part polyamide cured solvent less epoxy.  

 
c) The minimum dry film thickness (DFT) of internal lining shall be 600 micron.  

 
 
 

4.03.05 Specification for application of paints for protection of internal surfaces of  DM 
Water Storage Tank(s) shall be as follows : 

 
a) Primer - One coat of epoxy primer containing high level of Zinc Phosphate 

anticorrosive pigment. Total Dry Film Thickness (DFT) of primer shall not be 
less than 125 microns. 

 
b) Finish Paint - Three (3) coats Polyamine HB Epoxy Paint. Total Dry Film 

Thickness (DFT) of finish paint shall not be less than 125 microns per coat. 
    

c) Total thickness of primer and paint should not be less than 500 microns. 
 
4.03.06 All motors, local push button stations, cable racks, structures used for supports 

etc. are to be painted with acid proof paint. 
 

4.03.07 The following surfaces shall not be painted - stainless steel, galvanized steel, 
aluminum, copper, brass, bronze and other nonferrous materials. 

 
4.03.08 No painting or filler shall be applied until all repairs, hydrostatic tests and final 

shop inspection are completed. 
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4.03.09 All machined surfaces shall have two (2) coats of water repellant grease after 

thorough cleaning. 
 

5.00.00 COATING PROCEDURE AND APPLICATION 

5.01.00 Surface Preparation : 

 

Pipe shall be blast cleaned by sand. The cleanliness achieved prior to application 
shall be in accordance with the requirement of SSPC SP 10 / NACE 2 / Sa2½ of 
ISO 8501 (near white metal) 

 
a) The blast pattern or profile depth shall be 40 to 100 micron and shall be 

measured by dial micrometer. 
 

b) Before sand blasting is started or during blasting or coating, temperature 
of the pipe surface should be more than 3°C above dew point 
temperature. Blast cleaned surface should be primed within 4 hours and 
shall be protected from rainfall or surface moisture and shall not be 
allowed to flash rust. If the rust occurs, the surface again to be prepared 
by sand blasting or wire brushing. 

 

5.02.00 Application of Epoxy Coating 

a) Coating shall be applied when 
 

i) When the pipe surface temperature shall be atleast 3°C above dew point 
temperature. 

ii) The temperature of mixed coating material and the pipe at the time of 
application shall not be lower than 10°C or greater that 50°C. 

 
b) Material preparation shall be in accordance with manufacturer’s 

recommendations. 
 

c) Application of epoxy coating system : 
 

The epoxy coating system shall be applied as per recommendation of the 
manufacturer and shall be applied by airless spray / plural component spray 
machine. For more than one coat, the second shall be applied with the time 
limits as recommended by the manufacturer. 

 

5.03.00 Application of PU Coating 
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a) PU coating shall be applied when the pipe surface temperature atleast 3°C 
above dew point temperature (when R.H is more than 85%). 

 
b) Material preparation and application shall be done as per manufacturer 

recommendation. 
 

6.00.00 TEST REQUIREMENTS : 

6.01.00 Measurement of dry film thickness  

 
Measurement of dry film thickness of coating : Coating thickness shall be in the 
range of ±20% and as per SSPC PA 2. 

6.01.01 Apparatus / Instrument:- 

The instrument used for dry film thickness may be Type 1 pull of gauges or Type 
2 electronic gauges. 

 

6.01.02 Procedures:- 

a) Number of measurements:  
For 100 square feet (9.29 square meters), five (5) spots per test area (each 
spot is 3.8 cm) in diameter. Three gauge readings per spot (average 
becomes the spot measurement). 

 
b) If the structure is less than 300 square feet, each 100 square feet should be 

measured. 
 

c) If the structure is between 300 and 1000 sq ft, select 3 random 100 square 
feet test areas and measure. 

 
d) For structure exceeding 1000 square feet, select 3 random 100 square feet 

testing areas for the first 1000 sq ft and select 1 random 100 square feet 
testing area for each additional 1000 square feet 

 
e) Coating thickness Tolerance: Individual reading taken to get a representative 

measurement for the spot are unrestricted (usually low or high readings are 
discarded). Spot measurements (the average of 3 gauge readings) must be 
within 80% of the minimum thickness and 120% of the maximum thickness.  
Area measurement must be within specified range. 

 

6.02.00 Electrical Inspection (Holiday) Test 

6074979
Text Box



Telangana State Power Generation Corporation Ltd. EPC Bid Document 
1x800 MW Kothagudem TPS e-PCT/TS/K/02/2014-15 

 

DEVELOPMENT CONSULTANTS  V.III-C/S-XIII: 9 

(e-PCT-TS-K-02-2014-15-V-IIIC-Sec-XIII.doc)  

 

6.02.01 All the coated / lined pipes shall be tested with an approved high voltage holiday 
detector preferably equipped with an audio visual signaling device to indicate any 
faults, holes, breaks or conductive particles in the protective coating. 

6.02.02 The applied output voltage of holiday detector shall have a spark discharge of 
thickness equal to at least twice the thickness of the coating to assure adequate 
inspection voltage and compensate for any variation in coating thickness. The 
electrode shall be passed over the coated surface at approximately half the spark 
discharge distance from the coated surface only one time at the rate of 
approximately 10 to 20m/min. The edge effect shall be ignored. Excessive 
voltage shall be avoided as it tends to induce holiday in the coated surface 
thereby giving erroneous readings. 

6.02.03 While selecting test voltages, consideration should be given to the tolerance on 
coating thickness and voltage should be selected on the basis of maximum 
coating thickness likely to be encountered during testing of a particular pipe. 

  The testing voltage shall be calculated by using following formula. (as per NACE 
0274 : 2004) 

   
  Testing Voltage V = 7900 √T ± 10 percent where T is the average coating 

thickness in mm. 
 

6.02.04 Any audio visual sound or spark leads to indicate pinhole, break or conductive 
particle. 

6.03.00 Adhesion Pull off Test : 

After holiday the coated surface is subjected to adhesion pull off test as per 
ASTMD 4541. 

6.03.01 Apparatus / Instrument: Adhesion tester consists of three basic components:  

A hand wheel, a black column containing a dragging indicator pin and scale in 
the middle and a base containing three legs and a pulling “Jaw” at the bottom 
and also dollies. 

6.03.02 Prepare the test surface :  

Once test area is selected, test area shall be free of grease, oil, dirt, water. The 
area should be flat surfaces and large enough to accommodate the specified 
number of replicate test. 

6.03.03 Prepare Dolly (Test Pull Stub) :  
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The dolly is a round, two sided aluminium fixture. Both sides of the dolly looks 
same, however, one side sloped on top surface while flat on bottom surface. As 
the surface of the dolly is polished aluminium, roughen the same using a coarse 
sand paper. 

6.03.04 Select an adhesive:  

Use araldite, a 100% solid epoxy adhesive. This adhesive requires at least 24 
hours at room temperature to cure. 

6.03.05 Attach the dolly to the surface. 

 
a) Using a wooden stick, apply an even layer of adhesive to the entire contact 

surface area of the dolly. 
 

b) Carefully remove the excessive adhesive by using a cotton swab. Allow the 
adhesive to fully cure before performing the adhesion test. 

 
c) Attach the dolly to the coated surface and gently push downward to displace 

any excessive adhesive. 
 

d) Push the dolly inward against the surface, then apply tape across the head 
of the dolly. 

 

6.03.06 Adhesion Test Procedure 

a) Attach the adhesion tester to the dolly by rotating the hand wheel counter 
clockwise to lower the jaw of the device. 

 
b) Slide the jaw completely under the head of the dolly. Position the three legs 

of the instruments so that they are sitting flat on the coated surface. 
 

c) Slide the dragging indicator pin on the black column to zero by pushing it 
downward. 

 
d) Firmly hold the base of the instrument in one hand and rotate the handwheel 

clockwise to raise the jaw of the device that is attached to the head of the 
dolly. The dragging indicator pin will move upward on the black column as 
the force is increased and will hold the reading. Apply the tension using a 
moderate speed. Continue to increase the tension on the head of the dolly 
until (a) the minimum PSI/MPa/Kg/cm² required by project specification is 
exceeded and the test is discontinued, (b) the maximum PSI/MPa/Kg/cm² of 
adhesion tester has been achieved and dolly is still attached, (c) The force 
applied by the adhesion tester causes the dolly to dislodge. 
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e) Read the scale and record the adhesion value. 

 

6.04.00 Coating Repair 

Defective Coating shall be repaired in accordance with the following subsections. 

6.04.01 Surface Preparation:  

Accessible areas of pipe requiring coating repairs shall be cleaned to remove 
debris and damaged coating using surface grinders or other means. The 
adjacent coating shall be feathered by sanding, grinding or other method. 
Accumulated debris shall be removed by blowing with contaminant free air or 
wiping with clean rags. 

6.04.02 Areas not accessible for coating repair such as interior surfaces of small 
diameter pipe shall be reprocessed and recoated. 

6.04.03 Coating Application : 

The coating system shall be applied to the prepared areas in accordance with 
procedure. 

6.04.04 Repair Inspection : 

Repaired portion shall be electrically inspected using a holiday detector. 

6.05.00 Welded Field Joints 

6.05.01 Preparation :  

The weld joints shall be cleaned so as to be free from mud, oil, grease, welding 
flux, weld spatter and other foreign contaminants. The cleaned metal surfaces of 
the weld joint shall then be blasted or abraded using rotary abrading pads. The 
adjacent liquid Epoxy / PU coating shall be feathered by abrading the coating 
surface for a distance of 25 mm. 

6.05.02 Electrical Inspection :  

After curing the coating system applied to the welding joints shall be holiday 
tested. Any holidays indicated by the detector shall be marked with chalk to 
identify the area of repair. 
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7.00.00 INFORMATION/DATA REQUIRED 
 
 The Bidder shall submit complete list of paints and primers proposed, giving 

detail information, such as, chemical composition, drying time etc. and also unit 
rates for application of each type of paint along with supply shall be furnished. 
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1. The bidder shall  provide comp lete Instrumentation for control, monit oring and operation of entire 
Ventilation system. Items  not specifically mentioned howe ver requ ired for the c ompleteness of th e 
system shall be supplied by bidder. 
 
2. A common PLC based control system cum Annunciation panel with solid state annunciation windows 
along with product integrated microprocessor panel for the chiller unit shall be provided for the operation  
of Air Conditioning and Ventilation plant. 
 
3. Common PLC for A ir-Conditioning a nd Ventilation System is be ing pro vided a nd P LC shall be  
supplied by Air-conditioning supplier. PLC based controls in the ventilation system is provided only for the 
air washers of the powerhouse building and UAF for ESP control building and FGD control building.  
 
4. Supply air fans, e xhaust air fans / roof ex tractor units of each area shal l be pro vided with their lo cal 
starter panel in BHEL’s scope. 
 
5. The v entilation system shall be c ontrolled from this co mmon Air Conditioning sy stem PLC panel. 
Bidder to fu rnish the list of driv es/motors/fans/pumps et c., Input/output Lists, Instrument list, Control 
philosophy etc. to be hooked up to the PLC panel and other necessary inputs so that necessary provision 
and hardware requi rement can be ensured at PLC panel by  the AC syste m bidder for des igning and 
fabrication of its panel. 
 
6. All transmi tters shall be smart t ype and shall ha ve 4-20mA  DC sig nal w ith superimposed digital 
communication (HART). Each Temperature element sha ll be provided with compensating cable, JB/rack 
& other erection hardware. All transmitters sha ll be fitted with a l ocal analog/digital indicator displaying 
appropriate physical units which may be read clearly from an easily accessible position. 
 
7. Bidder to  note that all the transmi tters/instruments supplied by  Bidder shall be ra ck mounted.  The 
racks shall be preass embled and provided b y Bidder. Also no i nstruments / an alysers & JBs/Ra cks 
should be  
protruding on the walkway. 
 
8. All field i nstruments/motor/pump/blower s hall b e termi nated on J unction box /Local contro l panel in 
field. A ll erection hardware including junction boxes/Local control panel, canopies, s tructural steel , LIE, 
LIR, system cabinets are in bidder’s scope. Number of junction boxes shall be sufficient and positioned in 
the fie ld to minimize local cab ling and trunk  cable. 20% spare terminals shall be  provided in Junction 
Boxes. 
 
9. Each instrument/ equipment shall have a unique KKS Tag No. Fi eld instru ment specification and 
respective data sheet are given elsewhere in this specification. Each valve/instrument shall be fitted with 
a stainless steel or aluminium nameplate indicating the valve/instrument service and reference number in 
accordance with the approved equipment coding system. 
 
10. Instruments must ha ve separate t apping poi nts. Sharing  of the same tapping poi nts for redundant  
instruments or various different instruments is not acceptable. 
 
11. The scope of C&I cables and their erecti on & commissioning shall be as per Electrical scope sheet  
defined in Electrical specification. 
 
12. Bidder shall provide Cable Schedule in BHEL excel forma t which shall be pro vided during detailed  
engineering. Also, Cable Interconnections for Complete System shall be in Bidders’ scope as per 
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Electrical scope between BHEL and Bidder. 
 
13. The s olenoid operated v alves/Dampers/Gates shall ha ve limit swit ches for op en/close feedback.  
Operating coil voltage of solenoid valve shall be 24 V DC. 
 
14. Instrument ins tallation and accessories required shall be in Bidder's scope. Bidder shall submit  
'Instrument Installat ion D iagram' and s ame shall be subject to customer ap proval during detail 
engineering without any commercial and time implication. 
 
15. All manual valves at pump discharge shall be provided with Open and Close Limit Switches. 
 
16. All the root valves s hall be i n bidder’s scope. Double root  valve shall be provided for all pre ssure 
tapping where the pressure exceeds 40kg/cm2. 
 
17. Electrical Actuators shall be with integral starter. Datasheets and specifications are given elsewhere in 
the specification. 
 
18. Redundancy of sensors shall be provided by bidder as given below, irrespective of the instrumentation 
shown in P&ID: 
Two out of three measurements philosophy shall be adopted for all CLCS and Protection for reliability of 
operation. The c ontrol system shall select the medi an value for the normal control purpose. In c ase of 
deviation o f one transmit ter outpu t from th e other two, t he same  shall be auto matically isolated and 
average output of the remaining transmitters shall be fed to the control and measurement system and the 
control loop in this case shall be maintained on auto, with an alarm on the operator’s work station as well 
as engineer’s station. I n c ase of failure of t he two rema ining transmitters in ci rcuit, deviation of on e 
transmitter output is more than the preset limit compared to the other transmitter, there shall be automatic 
bump less transfer to manual and change overs shall have suitable alarms in the operator’s work station 
as well as engineer’s  statio n.  For s ignal c ompensations, separate si gnals from separate tran smitters 
other than used for measurement & control sha ll be used.  For OLCS all sensors used for the protection 
shall be triple redundant. All sensors for permissive and interlock shall be dual redundant. 
 
19. The bidder shall provide critical group alarms to be hardwired to plant DCS. 
 
20. All the fire dampers off ered by the bi dders shall ha ve the  necessary provisions t o ac cept th e fi re 
signals so as the damper gets closed in the event of fire.  
 
21. Bidder to furnish electrical/ UPS load data in his proposal. 
 
22. Interface of MCC, f ield instruments, Solenoid valve/actuators etc. with PLC/ DDCMIS based control 
system shall be as per Drive Control Philosophy enclosed in Section-D. 
 
23. 230 V AC UPS supply/ 415 V AC shall be provided by BHEL at a single point as per ‘E lectrical scope 
split sheet’ in Electrical portion of the specification. Further distribut ion to various instruments/Equipment 
shall be in Bidder’s scope. Bidder to include th e necessary power dis tribution board i n h is scope.  Any 
power supply other than the abov e, if required f or any instrument/equipment has to  be derived from the 
above supply & all the necessary hardware for the same shall be in Bidder’s scope. 
 
24. The quantity of instruments for the system shall be as per tender P &ID of the respective system as a 
minimum, for bidding purpose. However, Bidder shall also include in his proposal all the instruments and 
devices that are needed for the completeness of the plant auxiliary system/ equipment supplied by the 
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bidder, even if the sa me is not spe cifically appearing in the P & ID and as per detai led specification. 
During detail engineering if any additional instruments are required for safe & relia ble operation of plant, 
bidder shall supply the same without any price implication.  
 
25. The specificati ons for instru ments mentioned in  the specificati on are mi nimum require ments. 
Datasheets of instrument shall be subject to customer/owner approval. 
 
26. The requirements give n b elow are to be rea d in conjunction with detailed Techni cal specification 
enclosed. 
 
27. The equipment shal l be of modern, compact design incorporating the l atest developments in p roven 
technology. All instruments whether for loc al indication or remote transmiss ion sha ll be of good qual ity 
and shall have an accuracy and repeatability appropriate to their duty. 
 
28. The make/model of various instruments/items/systems shall be from approved sub-vendor list subject 
to approval of owner/purchaser. No commercial implication in this regard shall be acceptable. In case of 
any conflict and repeti tion of clauses in the s pecification, the more string ent requirements among them 
are to be complied with. 
 
29. Generally, equipment shall be  supplied from one co mposite range  of mea surements and contro l 
equipment as marketed by a reputable manufacturer of international standing and shall have a minimum 
of three years’ operational use on similar projects. 
 
30. Drawings/Documents and data to be furn ished after award of the contract shall be i n line with MDL 
furnished elsewhere in the specification. 
 
31. The design, manufacture, inspection, testing, site calibration and installation of all C&I equipment and 
systems covered under this specification shall   conform   to   the   latest   editions   of   applicable codes   
and s tandards eg. ANSI, ASME, IEEE, ISO, IEC, IG CI, AWS, NFP A, A ISC, I GS, SAMA,  UBC, UL, 
NESC, NEMA, ISA, DIN, VDE, IS etc. 
 
32. Bidder shall provide the signal exchange list, to Plant DCS in BHEL prescribed format to be furnished 
during detailed engineering. 
 
 
NOTES: 
1. All equipment items shall be of latest design with proven on trac k record from reputed ex perienced 
manufacturers of spe cified type and range of equipment. The mak e/model of  v arious 
instruments/items/systems and instrument sub-vendor sha ll be subj ect to appro val of BHEL/Cus tomer 
during detailed engineering stage. 
 
2. The above given scope is indicative & mi nimum. Any i tem/ equipment not i ndicated above however 
required for the completeness of the system is to be supplied by bidder without any technical, commercial 
and delivery implication to BHEL. 
 
3. Documents of C&I S ystem shall be submitted to end  user/owner for approval duri ng detail 
engineering. Changes, if any, shall be accommodated by the bidder without any price/time implication. 
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SI no.  Cable Type 

G‐TYPE 

1 2P X 0.5 sqmm 

2 4P X 0.5 sq mm 

3 8P X 0.5 sqmm 

4 12P X 0.5 sqmm 

F‐TYPE 

1 4P X 0.5 sqmm 

2 8P X 0.5 sqmm 

3 12P X 0.5 sqmm 

4 20P X 0.5 sqmm 

CONTROL CABLE 

1 5C x 2.5 sq mm 

2 12C x 2.5 sqmm 

CABLE SIZES FOR 5X800 MW YADADRI TPS 
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





 

   

    


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 
 

  









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 

  




         
   


           



 




 

 



            


 


          



 
          
          


 

 



           
      





 

 

 


          
        
         

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 
 

  


 



 

   

   

   

   

   

   

 

   

   

   

   

   

 

             
          
            


 

   

   

   

   

   

   

 
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SECTION: I 

SUB-SECTION: E 

ANNEXURE-I 

LIST OF MAKES OF SUB-VENDOR ITEMS  

 

 
  



Refer BHEL approved Sub vendor list
*Any further vendor addition is subjected to customer
approval

6194885
Text Box
Customer Approved Sub vendor list









  
 
 
 

VENTILATION SYSTEM  

LIST OF MAKES OF SUB‐VENDOR ITEMS 
 

 

 

 

M&P 

VOLTAS 

BEACON‐WEIR  

WORTHINGTON  

Flowmore 

SULZER PUMPS INDIA LTD. 

BHARAT PUMPS & COMPRESSORS LTD  

FLOWSERVE INDIA CONTROL PVT LTD 

V‐FLOW PUMPS & SYSTEMS CO 

Kishore pumps 

5  LV MOTORS  (FLAME 
PROOF) 

SIEMENS 

ABB 

CGL  

MARATHON 

KEC  

BHARAT BIJLEE 

BHARAT ELECTRIC 

NGEF  

JYOTI 

LHP 

6  LV MOTORS  (NON FLAME 
PROOF) 

SIEMENS 

ABB 

CGL  

MARATHON 

KEC  

BHARAT BIJLEE 

BHARAT ELECTRIC 

NGEF  

JYOTI 

LHP 

7  AIR FILTER  PUROLATOR 

FMI  

ANFILCO 

TENACITY  

JOHN FOWLER  

SPECTRUM  

AIR TECH  

PUROMATIC 

8  INSULTATION MATERIAL  BEARDSHEL 

K‐FLEX  

PARAMONT 

ARMAFLEX  

SUPREME 



  
 
 
 

VENTILATION SYSTEM  

LIST OF MAKES OF SUB‐VENDOR ITEMS 
 

 

 

 

LLOYDS 

UP TWIGA  

AEROCELL 

9  FIRE DAMPER  TSC 

CARRYAIRE  

RAVISTAR (SYSTEM AIR ) 

11  BUTTERFLY VALVES  Audco 

Fouress Engg 

 INTER VALVE 

BDK 

WEIR BDK 

TYCO  

CRANE PROCESS 

 KEYSTONE 

Fluidline 

INSTRUMENTATION LTD 

R and D MULTIPLES (METAL CAST) PVT LTD 

SURYA VALVES AND INSTRUMENTS MFG CO  

 PENTAIR  VALVES  AND  CONTROLS  INDIA  PRIVATE 
LIMITED  

 UPADHAYA  VALVES  MANUFACTURERS  PRIVATE 
LIMITED  

 VENUS PUMPS AND ENGG. WORKS  

12  NON RETURN VALVE  Leader Valves 

H SARKAR 

Fluidline 

HI‐TECH 

CRESCENT VALVES 

A V VALVES 

Bankim 

SHIVADURGA 

SURYA VALVES AND INSTRUMENT 
MANUFACTURING 

ATAM VALVES 

 GM DAULI & SONS  

KBL  

VENUS PUMPS AND ENGINEERING WORKS   

13  STEEL GATE/GLOBE/NR 
VALVES(WATER SYSTEM) 

CRESCENT VALVES 

BDK 

Audco 

Fouress Engg 

KIRLOSKAR BROTHERS LTD. 

SANT VALVES 



  
 
 
 

VENTILATION SYSTEM  

LIST OF MAKES OF SUB‐VENDOR ITEMS 
 

 

 

 

BOMBAY METAL & ALLOYS 

Bankim 

Leader Valves 

H SARKAR 

AV Valves 

VENUS PUMPS 

14  STEEL GATE/GLOBE/NR 
VALVES(WATER SYSTEM) 

Fluidline 

HI –TECH  

SHIVADURGA  

SURYA  VALVES  AND  INSTRUMENT 
MANUFACTURING  

 ATAM VALVES  

 GM DAULI & SONS  

 KBL  

15  Pipes (MS/GI) ‐ ERW  SURYA ROSHNI 

 TISCO 

 DADU PIPES 

INDUS TUBES 

 WELSPUN  

TATA 

BST  

JINDAL 

SAIL 

PSL 

LALIT PROFILE  

 SAMSHI PIPE INDUSTRIES  

 S MUKUT PIPES  

 MANN INDUSTRIES 

SURENDRA ENGINEERING  

 PRATIBHA PIPES AND STRUCTURES PVT LTD  

 JCO GAS PIPES  

NUKAT TANK AND VESSELS  

 GOODLUCK TUBES  

  ADVANCE STEEL TUBES  

 BIHAR TUBES  

 HITECH PIPES  

 RATNAMANI 

 MAHARASHTRA SEAMLESS 

16  GI SHEETS FOR DUCTING  TISCO 

INDIAN IRON & STEEL CO 

RASHTRIYA ISPAT NIGAM LIMITED 

ESSAR 

ISPAT INDUSTRIES 



  
 
 
 

VENTILATION SYSTEM  

LIST OF MAKES OF SUB‐VENDOR ITEMS 
 

 

 

 

JSW 

LLOYDS  

Bhushan steels 

TATA 

SAIL 

JINDAL 

17  GRILL/DIFFUSER/VOLUME 
CONTROL DAMPER 

AIR FLOW 

TSC 

AIR MASTER 

CARRYAIRE  

RAVISTAR (SYSTEM AIR ) 

18  HUMID STAT  JHONSON CONTROL  

HONEYWELL AUTOMATION 

 PENN 

19  Y / POT STRAINER  MULTITEX  

GREAVES COTTON 

JAYPEE 

SANT VALVES 

OTOKLIN 

GRAND PRIX  

GUJARAT OTOLIFT 

DS ENGG 

SAROJINI ENTERPRISE 

BHATIA ENGINEERING 

FILTERATION ENGINEERS INDIA PVT LTD 

SUNGOV ENGINEERING 

20  LOCAL CONTROL PANEL  INDUSTRIAL CONTROL & APPLIANCE 

Pyrotech Electronics Pvt. Ltd. 

Positronics Pvt. Ltd. 

CONTROL & SWITCHGEAR  

SIEMENS 

L&T 

GE POWER  

RITTAL  

HOFFMAN  
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VENTILATION SYSTEM  

LIST OF MAKES OF SUB‐VENDOR ITEMS 
 

 

 

 

NOTES: 
1. *Designed by Hyderabad Pollution Control /   SK SYSTEM/ ADVANCE VENTILATION / 
DRAFT  AIR/BLUE  STAR/    VOLTAS/  STERLING  WILSON/ROOTS  COOLING  SYSTEM/  C 
DOCTOR/  TAP/    Pack  Plast/  Industrial  projects  and  products  &  fabricated  by  their 
approved fabricator. 
 
2.  THE  SUB VENDOR  LIST ABOVE  IS  INDICATIVE ONLY AND  IS  SUBJECT  TO BHEL AND 
CUSTOMER  APPROVAL  DURING  DETAILED  ENGINEERING  STAGE  WITHOUT  ANY 
COMMERCIAL & DELIVERY  IMPLICATION TO BHEL. BIDDER TO PROPOSE  SUB VENDOR 
WITHIN 4 WEEKS OF PLACEMENT OF LOI. THEREAFTER NO REQUEST FOR ADDITIONAL 
SUB‐VENDOR SHALL BE ENTERTAINED.  
 
3.  THE  INSPECTION CATEGORY WILL BE  INTIMATED AFTER AWARD OF CONTRACT BY 
BHEL/CUSTOMER. HOWEVER THE  SAME WILL BE ADHERED BY THE BIDDER WITHOUT 
ANY COMMERCIAL AND DELIVERY IMPLICATION TO BHEL/ CUSTOMER. 
 
4.  PLEASE  ALSO  REFER  RESPECTIVE  SUB‐SECTION  C‐3,  C‐4  FOR  ELECTRICAL  AND  C&I 
RELATED EQUIPMENT LIST OF MAKE. 

 

 

1. VOID
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TITLE : 
5X800 MW YADADRI THERMAL POWER 

STATION 
 

SPECIFICATION NO.  PE-TS-417-554-
A002
SECTION : I 

TECHNICAL SPECIFICATION FOR VENTILATION 
SYSTEM 

SUB-SECTION:E 
REV. NO. 00 DATE :  

 
CLARIFIED WATER ANALYSIS 

 
S.No. CONSTITUENTS  As  CONTENT  
1.  Calcium  CaCO3 121.9 ppm  
2.  Magnesium  CaCO3 74.1   ppm  
3.  Sodium  CaCO3 184.4 ppm  
4.  Potassium  CaCO3 1.1     ppm  
5.  Iron in Soln.  Fe Nil 

    
 TOTAL CATIONS  CaCO3 381.5 ppm  
    

6.  Bicarbonate  CaCO3 134.8 ppm  
7.  Sulphate  CaCO3 80.9   ppm  
8.  Chloride  CaCO3 161.0 ppm  
9.  Nitrate  CaCO3 3.5     ppm  
10.  Phosphate  CaCO3 Nil  
11.  Fluoride  CaCO3 1.3     ppm  

    
 TOTAL ANIONS  CaCO3 381.5 ppm  
    

12.  Reactive Silica  SiO2 14.1   ppm  
13.  Colloidal Silica SiO2 Nil 
14.  Total Silica SiO2 14.1   ppm 
15.  Nitrites NO2 Nil 
16.  Total Hardness CaCO3 196    ppm 
17.  Total Suspended Solid   15      ppm  
18.  pH value at 25°C  - 8.0 
19.  Turbidity   15    NTU  

 

Note: 

The analysis of the clarified water is exhibited here shall be multiplied with 6.5 COC to 
derive the circulating water analysis. 

THIS  IS A PART OF TECHNICAL SPECIFICATION  NO. PE-TS-417-155A-A001
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4x210 + 3x500 MW KAHALGAON STPS, 
STG-I &II- FGD SYSTEM

HVAC FOR FGD SYSTEM                

SPECIFIC TECHNICAL REQUIREMENT

SPECIFICATION No: PE-TS-481- (571-13000-
A)-A001 (REV-0)
SECTION : I

SUB-SECTION :  C 1

REV. 00

14. Operation and Maintenance Services
THE BIDDER SCOPE ALSO COVERS THE OPERATION AND MAINTENANCE (O&M) SERVICES FOR PREVENTIVE
AND BREAKDOWN MAINTENANCE FROM THE DATE OF SUCCESSFUL COMMISSIONING OF HVAC SYSTEM 
TO END CUSTOMER. HOWEVER, ACTUAL DATE OF START OF O&M SERVICES SHALL BE COMMUNICATED TO 
SUCCESSFUL BIDDER BY BHEL SITE PERSONNEL.

BIDDER TO NOTE THAT THE SPARES AND CONSUMABLES REQUIRED FOR MAINTENANCE OF THE 
EQUIPMENT DURING THIS O&M PERIOD SHALL BE IN BIDDER’S SCOPE OF SUPPLY. BIDDER SHALL USE ONLY 
GENUINE PARTS AS MENTIONED IN O&M MANUAL. ANY DAMAGE OR MALFUNCTION CAUSED BY THE USE 
OF UNAUTHENTIC PARTS OR UNQUALIFIED PERSONNEL SHALL BE RESPONSIBILITY OF BIDDER AND AS A 
CONSEQUENCE OF ABOVE BIDDER IS REQUIRED TO REPLENISH THE UNAUTHORISED PART AND ABRIDGE 
THE QUALIFIED PERSON WITHOUT ANY COMMERCIAL IMPLICATION TO BHEL.

O&M SERVICES SCOPE ALSO COVERS ALL REGULAR MAINTENANCE BY CERTIFIED AND TRAINED SERVICE 
ENGINEERS AND SUPPLY OF GENUINE PARTS AND LUBRICANTS AS PER THE ORIGINAL EQUIPMENT 
MANUFACTURER’S RECOMMENDATIONS IN A PRO-ACTIVE MANNER.

FOR THE PURPOSE OF OPERATION OF HVAC SYSTEM, ONE-DAY SHALL BE CONSIDERED AS 24 HOURS I.E. 3 
SHIFTS OF 8 HOURS EACH. THE HVAC SYSTEM (ALONG WITH RELATED ACCESSORIES) SHALL BE OPERATED 
ON ROUND-THE-CLOCK BASIS ON ALL THE DAYS OF THE YEAR INCLUDING SUNDAYS AND PUBLIC HOLIDAYS

O & M PERSONNEL SHOULD BE ACQUAINTED WITH LOCAL LANGUAGE. GOVERNMENTAL / STATUTORY 
APPROVAL W.R.T. O&M SERVICE AS APPLICABLE SHALL BE IN BIDDER'S SCOPE.

TOTAL DURATION OF THE OPERATION AND MAINTENANCE SERVICES BY BIDDER CAN BE INCREASED OR 
DECREASED AS PER REQUIREMENT AND PAYMENT IN SUCH CASE SHALL BE MADE ON PRO-RATA BASIS.

DEPENDING ON START OF O&M SERVICES, THERE IS A POSSIBILITY THAT SOME PERIOD OF O&M SERVICES 
AND WARRANTY PERIOD MAY OVERLAP. HOWEVER, IT IS CLARIFIED THAT ANY MAINTENANCE REQUIRED 
OR ANY SPARE OF HVAC SYSTEM REQUIRED TO BE REPLACED DURING WARRANTY PERIOD (AS PART OF 
WARRANTY CLAUSE REQUIREMENT) SHALL NOT BE MADE PART OF O&M SERVICES. BIDDER MAY TAKE 
CARE OF THIS FACT WHILE WORKING OUT THE PRICES OF O&M SERVICES.

WHEREVER AC SYSTEM HAS BEEN WRITTEN IN O&M SERVICE SPECIFICATION, THE SAME SHALL BE DEEMED 
AS COMPLETE HVAC SYSTEM.

THE VENDOR SHALL DEPLOY FOLLOWING MINIMUM MANPOWER FOR OPERATION OF HVAC SYSTEM.

ONE QUALIFIED AND EXPERIENCED AC OPERATOR PER SHIFT ON "ROUND THE CLOCK" BASIS 
THROUGHOUT THE YEAR FOR ALL DAYS OF THE YEAR INCLUDING SUNDAYS & PUBLIC HOLIDAYS. THERE 
MUST BE MINIMUM 30 MINUTES OVERLAPPING BETWEEN TWO SHIFT OPERATORS TO GET FAMILIARIZE 
WITH THE STATUS OF HVAC SYSTEM. UNDER NORMAL CIRCUMSTANCES ONE SHIFT SHALL NOT BE MORE 
THAN 8 HOURS.

ONE HELPER PER SHIFT ON " ROUND THE CLOCK" BASIS THROUGHOUT THE YEAR FOR ALL THE DAYS OF 
THE YEAR INCLUDING SUNDAYS AND PUBLIC HOLIDAYS. THE HELPER SHALL ASSIST THE HVAC SYSTEM 
OPERATOR IN DAY TO DAY OPERATION OF HVAC SYSTEM AND ACCESSORIES AND SHALL ASSIST HIM FOR 
KEEPING HVAC SYSTEM EQUIPMENT’S IN NEAT AND TIDY CONDITION. UNDER NORMAL CIRCUMSTANCES 
ONE SHIFT SHALL NOT BE MORE THAN 8 HOURS.
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4x210 + 3x500 MW KAHALGAON STPS, 
STG-I &II- FGD SYSTEM

HVAC FOR FGD SYSTEM                

SPECIFIC TECHNICAL REQUIREMENT

SPECIFICATION No: PE-TS-481- (571-13000-
A)-A001 (REV-0)
SECTION : I

SUB-SECTION :  C 1

REV. 00

14.1. Responsibility of HVAC System Operator
I. HVAC SYSTEM OPERATOR SHALL BE RESPONSIBLE FOR PROPER SEQUENTIAL OPERATION OF HVAC 

SYSTEM (AC AND VENTILATION SYSTEM) INCLUDING OPERATION OF STANDBY EQUIPMENT IN A
PREDEFINED SEQUENCE AND STOPPING THE SAME (WHEN NECESSARY) AS PER THE PROCEDURAL
PRACTICE. IN CASE OF ANY ABNORMALITY (LIKE NON AVAILABILITY OF POWER SUPPLY AT INCOMER 
OF HVAC SYSTEM), HE SHALL IMMEDIATELY REPORT THE MATTER TO BHEL SITE ENGINEER FOR 
FURTHER ACTION. SIMILARLY, ANY MALFUNCTIONING IN THE SYSTEM SHALL BE IMMEDIATELY
REPORTED BY HIM TO BHEL SITE ENGINEER FOR SUITABLE CORRECTIVE ACTION IRRESPECTIVE OF 
TIME OF OCCURRENCE OF MALFUNCTIONING / ABNORMALITY IN THE SYSTEM. A LOG BOOK OF ALL
SUCH OUTRAGES SHALL BE MAINTAINED BY HVAC SYSTEM OPERATOR, WHICH SHALL BE SHARED
WITH BHEL SITE ENGINEER ON PERIODIC BASIS.

II. HVAC SYSTEM OPERATOR SHALL TAKE HOURLY READINGS OF ALL THE PARAMETERS OF HVAC SYSTEM 
/ EQUIPMENT’S INCLUDING READING ON MAIN ELECTRICAL PANEL OF HVAC SYSTEM. TEMPERATURE 
& RH READINGS INSIDE ALL AC AREAS SHALL BE TAKEN AT LEAST ONCE IN A DAY. ALL THE READINGS 
SHALL BE RECORDED IN A LOGBOOK REGISTER.

14.2. RESPONSIBILITY OF HELPER

I. THE HVAC SYSTEM HELPER SHALL ASSIST HVAC SYSTEM OPERATOR FOR DAY TO DAY SMOOTH 
OPERATION OF HVAC SYSTEM, LIKE LEANING OF AHU FILTERS AND OTHER FILTERS ETC. AS AND 
WHEN REQUIRED. HE SHALL BE RESPONSIBLE FOR KEEPING ALL THE EQUIPMENT’S OF HVAC SYSTEM 
INCLUDING DX UNIT & AHU ROOMS IN CLEAN AND TIDY CONDITION. HE SHALL ALSO CARRY OUT 
GENERAL CLEANING OF ALL AC EQUIPMENT’S INCLUDING ELECTRICAL PANELS (PART OF AC SYSTEM), 
AHU'S ETC. ON REGULAR BASIS. 

II. THE HELPER SHALL WORK UNDER THE CONTROL OF HVAC SYSTEM OPERATOR AND SHALL ALWAYS 
ENSURE THAT UNUSABLE JUNK MATERIALS ARE NOT ALLOWED TO BE KEPT IN HVAC SYSTEM ROOM 
OR AHU ROOMS. UNDER SUCH EVENTUALITY, HE WILL REPORT THE MATTER TO PLANT OPERATOR, 
WHO IN TURN WILL TAKE SUITABLE ACTION INCLUDING REPORTING THE MATTER TO BHEL SITE 
ENGINEER.

14.3. ALL THE LOG BOOK REGISTERS SHALL BE ARRANGED BY VENDOR. LOG BOOK REGISTER DULY PAGED 
AND BOUNDED WILL BE MAINTAINED IN GOOD CONDITION BY VENDOR.

14.4. ALL THE NECESSARY TOOLS AND OTHER MATERIALS, REQUIRED FOR OPERATION OF HVAC SYSTEM 
SHALL BE KEPT BY VENDOR UNDER THE CONTROL OF HVAC SYSTEM OPERATOR. REQUIRED TESTING 
INSTRUMENTS LIKE REFRIGERANT LEAK DETECTOR, MULTI METER (FOR ELECTRICAL PORTION OF HVAC 
SYSTEM), SLING PSHYCROMETER, LINE TESTER, TOOL KIT, TORCH ETC. SHOULD ALSO BE ALWAYS 
AVAILABLE WITH PLANT OPERATOR. 

14.5. IN CASE OF ANY OPERATOR / HELPER BEING ON LEAVE, VENDOR SHALL IMMEDIATELY TAKE ADVANCE 
ACTION AND PROVIDE SUBSTITUTION SO THAT MINIMUM MANPOWER AS INDICATED ABOVE IS NOT 
REDUCED ON ANY DAY. IN CASE A PARTICULAR SHIFT DUTY A/C OPERATOR OR HELPER DOES NOT TURN 
UP DUE TO ANY REASONS, THE EARLIER DUTY PERSON SHALL CONTINUE TO MAKE SURE THAT HVAC 
SYSTEM NEVER REMAINS UNATTENDED

15. MAINTENANCE OF HVAC SYSTEM
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4x210 + 3x500 MW KAHALGAON STPS, 
STG-I &II- FGD SYSTEM

HVAC FOR FGD SYSTEM                

SPECIFIC TECHNICAL REQUIREMENT

SPECIFICATION No: PE-TS-481- (571-13000-
A)-A001 (REV-0)
SECTION : I

SUB-SECTION :  C 1

REV. 00

i. Maintenance work under scope of the vendor shall broadly include but in no way limited to 
the following:

a) Preventive maintenance of the plant.

b) Servicing of the plant at regular interval including cleaning of AHU filters etc. 

c) Attending to complaints.

d) Replacement of worn out or defective components

e) Replacing of refrigerant gas and oil as and when required. 

No consumable or any other items of HVAC system shall be arranged by Customer and no 
extra payment shall be made by customer in this regard. 

ii. Vendor shall be responsible at all time, during the entire period of contract for satisfactory 
performance of HVAC system (including accessories) with zero down time. During emergency 
or breakdown, vendor's Engineer along with related technicians shall be available immediately 
even though it may be beyond normal working hours or on public holidays till the HVAC 
System is restored back into normal satisfactory condition. Response time for attending 
breakdown complaints shall not exceed 2 hours. 

iii. Defective / worn out components shall be replaced only by genuine and original parts. OEM or 
its authorized dealer's invoice shall be submitted as proof of using genuine parts. All common 
spares required for HVAC system shall normally be kept available in the plant by the vendor. 
However, for critical spares, the same shall be made available in not more than 72 hours from 
the time of break-down requiring such spare.

iv. Preventive Maintenance, servicing of HVAC System equipment’s and accessories etc. shall be 
done by vendor in a planned manner in consultation with concerned customer’s engineer. 
Preventive maintenance and service should be done as per the recommendations / guidelines 
of various OEMs

v. Major servicing & over handling of equipment’s like compressors, evaporators, condensers, 
pumps, AHU's, piping / ducting works, valves etc. shall be done by vendor once in a year. 

vi. Painting of all equipment’s including base frames & accessories like piping, electrical panel 
boards etc. shall be done once in two years. 

vii. In case any repair/services of particular equipment of system like chiller unit is to be carried 
out by vendor through OEM (or their authorized dealer), all the arrangements including tools, 
O&M spares etc. shall be the total responsibility of vendor. 

viii. Vendor shall arrange and maintain separate logbook register for services / maintenance of 
HVAC System. Record of work done for services/maintenance repairs etc. shall be recorded by 
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4x210 + 3x500 MW KAHALGAON STPS, 
STG-I &II- FGD SYSTEM

HVAC FOR FGD SYSTEM                

SPECIFIC TECHNICAL REQUIREMENT

SPECIFICATION No: PE-TS-481- (571-13000-
A)-A001 (REV-0)
SECTION : I

SUB-SECTION :  C 1

REV. 00

vendor’s engineer in this register. This register shall always be with updated records & shall be 
produced to customer’s engineer on weekly basis or as & when required by him. 

ix. Vendor shall arrange and maintain sufficient stock of spares and consumable at site (HVAC 
room). Similarly, all necessary tools & instruments required for the purpose of servicing / 
maintenance / routine testing etc. shall also be arranged by vendor and should be available at 
site at all times. 

x. Repairs / servicing works shall normally be done by vendor at site up to maximum possible 
extent. However, in case any equipment or accessories is essentially required to be taken by 
vendor out of the plant premises for repairing / servicing, all necessary arrangements including 
to and fro transportation shall be the responsibility of vendor. Vendor shall also inform 
concerned customer’s engineer for doing procedural formalities (like issue of gate pass etc.), 
prior to taking out the materials out of Plant premises. 

xi. In case bidder fails to supply the spares required for maintenance of the equipment, same 
shall be provided by BHEL at Bidders risk and cost.

xii. Vendor shall be fully responsible for safety of his personal at all times. Vendor shall also be 
responsible for taking all safety precautions at all the times, especially during servicing / 
preventive maintenance and repairs of HVAC System equipment’s etc. 

xiii. All the safety controls of AC Plant such as HP, LP, OP, Water pressure switch, inter locking etc. 
shall be positively checked at least once a month and same shall be recorded by vendor 
engineer

xiv. Technicians & helpers engaged by the vendor shall wear uniform with nameplate for easy 
identification, while being within plant premises

xv. Vendor's engineer shall be focal point for customer. He shall report to customer engineer on 
daily basis, for taking necessary instructions and to update the status of AC system

xvi. If any damage to the equipment and its accessories has happened due to improper 
maintenance by bidder shall be recovered from the bidder.
BIDDER IS TO ARRANGE ALL THE SAFETY GEARS LIKE HELMETS, AIR PLUGS, SAFETY SHOES ETC. DURING THE 
MAINTENANCE FOR THE O&M STAFF.    
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1. SCOPE OF THE DOCUMENT 

This guideline is prepared in intent to provide proper site storage and preservation of the 

Mechanical, Electrical and C & I items / equipment supplied under various bought out 

packages/items. This storage procedure shall be followed at different power plant sites by 

concerned agency for storage and preservation from the date of equipment received at 

site until the same are erected and handed over to the customer. 

2. PURPOSE OF STORAGE & PRESERVATION 

Many of the items may be required to be kept in stores for long period. It shall therefore 

be essential that proper methods of storage and preservation be applied so that items do 

not deteriorate, loose some of their properties and become unusable due to atmospheric 

conditions and biological elements. 

3. MEASURES TO BE TAKEN FOR STORAGE, HANDLING & PRESERVATION 

a) GENERAL STORAGE REQUIREMENTS

1. To the extent feasible, materials should be stored near the point of erection. The 

storage areas should have adequate unloading and handling facilities with adequate 

passage space for movement of material handling equipment such as cranes, fork lift 

trucks, etc. The storage of materials shall be properly planned to minimise time loss 

during retrieval of items required for erection. 

2. The outdoor storage areas as well as semi-closed stores shall be provided with 

adequate drainage facilities to prevent water logging. Adequacy of these facilities shall 

be checked  prior to monsoon. 

3. The storage sheds shall be built in conformity with fire safety requirements. The stores 

shall be provided with adequate lights and fire extinguishers. ‘No smoking’ signs shall 

be placed at strategic locations. Safety precautions shall be strictly enforced. 

4. Adequate lighting facility shall be provided in storage areas and storage sheds and 

security personnel positioned to ensure enforcement of security measures to prevent 

theft and loss of materials.

5. Adequate number of competent stores personnel and security staff shall be deployed 

to efficiently store and maintain the equipment / material. 

7.  The equipment shall be stored in an orderly manner, preserving their identification 

slips, tags and instruction booklets, etc., required during erection. The storage of 

materials shall be equipment-wise. Loose parts shall be stored in sheds on racks, 
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preserving the identification marks and tags in good condition. The group codes shall 

be displayed on the racks 

6. At no time shall any materials be stored directly on ground. All materials shall be 

stored minimum 200 mm above the ground preferably on wooden sleepers 

b) GENERAL PRESERVATION REQUIREMENTS 

1. All special measures to prevent corrosion shall be taken like keeping material in dry 

condition, avoiding the equipment coming in contact with corrosive fluid like water, 

acid etc.  

2. Materials which carry protective coating shall not be wrapped in paper, cloth, etc., as 

these are liable to absorb and retain moisture. The material shall be inspected and in 

case of signs of wear or damages to protective coating, that portion shall be cleaned 

with approved solution and coated with an approved protective paint. Complete record 

of all such observations and protective measures taken shall be maintained. 

3. Generally equipment supplied at site are properly greased or rust protective oil is 

applied on machined/ fabricated components. However periodic inspection shall be 

carried out to ensure that protection offered is intact. 

4. While handling the equipment, no dragging on the ground is permitted. Avoid using 

wire rope for lifting coated components. Use polyester slings (if possible) otherwise 

protective material (e.g. clothes, wood block etc.) should be used while handling the 

components with rope / slings 

5. For Equipment supplied with finished paint, touch paint shall be done in case any 

surface paint gets peeled off during handling. Otherwise such surfaces shall 

necessarily be wrapped with polythene to avoid any corrosion. Further for equipment 

wherein finish coat is to be applied at site, site to ensure that equipment is received 

with primer coat applied.  

6. It shall be ensured by periodic inspection that plastic inserts are intact in tapped holes, 

wherever applicable. 

7. Pipes shall be blown with air periodically and it shall be ensured that there is no 

obstruction. 

8. Silica gel or approved equivalent moisture absorbing material in small cotton bags 

shall be placed and tied at various points on the equipment, wherever necessary. 

9. Heavy rotating parts in assembled conditions shall be periodically rotated to prevent 

corrosion/jamming due to prolonged storage. 
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10. All the electrical equipment such as motors, generators, etc. shall be tested for 

insulation resistance at least once in three months and a record of such measured 

insulation values shall be maintained.  

11. Following preservatives/preservation methods can be used depending upon type of 

equipment

a. Rust preventive fluid (RPF)  

b. Rust protective paints  

c. Tarpaulin covers, in case of outdoor storage  

d. De-oxy aluminate for weld-ments  

c) GENERAL INSPECTION REQUIREMENTS 

1. Period inspection of materials with specific reference to – 

� Ingress of moisture and corrosion damages. 

� Damage to protective coating. 

� Open ends in pipes, vessels and equipment -  

- In case any open ends are noticed, same shall be capped. 

2. Any damages to equipment / materials. 

- In case of any damages, these shall be promptly notified and in all cases, the 

repairs / rectification shall be carried out.  

- Any items found damaged or not suitable as per project requirements shall be 

removed from site. If required to store temporarily, they shall be clearly 

marked and stored separately to prevent any inadvertent use. 
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4. TYPE OF STORAGE FOR VARIOUS EQUIPMENT 

The types of storage are broadly classified under the following heads: 

i Closed storage with dry and dust free atmosphere. (C ) 

The closed shed can be constructed by using cold-rolled / tubular components for 

structure and corrugated asbestos sheets / galvanised iron sheets for roofing. Brick 

walls / asbestos sheets can be used to cover all the sides. The floor of the shed can 

be finished with plain cement concrete suitably glazed. The shed shall be provided 

with proper ventilation and illumination. 

ii Semi-closed storage. (S) 

The semi closed shed can be constructed by using cold-rolled / tubular components 

for structure and corrugated / asbestos sheets for roofing. The floor shall be brick 

paved. If required a small portion of sides can be covered to protect components from  

rainwater splashing onto the components. 

Page 4 of 13Page 296 of 374



iii Open storage (O ) 

The open yard shall be levelled, well consolidated to achieve raised ground with the 

provision of feeder roads for crane approach along with access roads running all 

sides. One part of the open yard shall be stone pitched, levelled and consolidated with 

raised ground suitable for storing / stacking heavier and critical components with due 

space to handle them by cranes etc . Adequate number of sleepers, concrete block 

etc. to be provided  to make raised platforms to stack critical materials. 

A separate yard to be identified as “scrap yard” slightly away from main open yard to 

store wooden/steel scraps, which are to be disposed off. This is required to avoid mix 

up with regular components as well as to avoid fire hazard. 

Some of the components, which are having both machined & un-machined surfaces 

and are bulky, shall be stored in open storage area on a raised ground and suitably 

covered with water proof / fire retardant tarpaulin. 
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The equipment listed below shall be stored and inspected as per requirement mentioned in the 

table below. 

Sl. No. Description of the equipment  Type of 
Storage Check for Remarks 

Raw material /mechanical items like pipes, plates, structure sections etc.)

1.  Steel pipes ( lined/unlined) S 
Damage , paint, 
corrosion, rubber 
lining peeling 

Provide end 
cap 

2.  MS Plates  S Damage, paint, 
corrosion 

3.  SS Plates S Damage 

4.  Non-metallic pipes S Damage, cracks Provide end 
cap 

5.  Stainless steel pipes S Damage , Provide end 
cap 

6.  MS sections, beams S Damage, paint, 
corrosion 

7.  Cable trays S Damage, condition of 
preservations 

8.  Insulation sheets S Damage  

9.  Insulation  C Damage, packing 

10.  Hangers Rods  S Damage, paint, 
packing 

11.  Tubes  S Damage, paint , 
packing 

Provide end 
cap 

12.  Hume pipes O Damage  

13.  Castings O Damage, paint, 
corrosion 

Fabricated mechanical items (pressure vessels, tanks etc.)

14.  Pressure vessels (unlined)  O Damage, paint, 
corrosion,  

Covered
nozzles 

15. Atmospheric storage tanks 
(unlined) O Damage, paint, 

corrosion   

Covered
nozzles 
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Sl. No. Description of the equipment  Type of 
Storage Check for Remarks 

16.  Pressure vessels (lined)  S 
Damage, paint, 
corrosion, rubber 
lining

17.  Atmospheric storage tanks(lined) S 
Damage, paint, 
corrosion, rubber 
lining

18.  Support structures O Damage , paint, 
corrosion   

19.  Flanges  C Damage , paint, 
corrosion   

20.  Fabricated pipes S Damage , paint, 
corrosion   

Provide end 
cap 

21.  Vessels internals C Damage , paint, 
corrosion ,packing  

22.  Grills S Damage , paint, 
corrosion   

23.  Angles  S Damage , paint, 
corrosion   

24. Bridge mechanism/clarifier 
mechanism O Damage , paint, 

corrosion   

25.  Cranes, rails S Damage , paint, 
corrosion   

26.  Stair cases O Damage , paint, 
corrosion   

27.  Ladders/handrails O Damage , paint, 
corrosion   

28.  Fabricated ducts S Damage , paint, 
corrosion   

29.  Isolation Gates O Damage , paint, 
corrosion   

30.  Fabricated boxes/panels S Damage , paint, 
corrosion   

Mechanical components   like valves, fittings, cables glands, spares etc.)

31.  Valves  S Damage , packing  

�

�

Page 7 of 13Page 299 of 374



Sl. No. Description of the equipment  Type of 
Storage Check for Remarks 

32.  Fittings S Damage , packing Provide end 
cap 

33.  Cable glands C Damage , packing   

34.  Tools & tackles C Damage , packing   

35.  Nut , bolts, washers,  C Damage , packing   

36.  Gasket & Packings C Damage , packing   

37.  Copper tubes C Damage , packing, 
corrosion 

 Provide end 
cap 

38.  SS tubing C Damage , packing Provide end 
cap 

Rotating assemblies (pumps, blowers, stirrers, fans, compressors etc.)

39.  Pumps S Damage , packing, 
corrosion 

Shaft
rotation

40.  Blowers/Compressors  S Damage , packing, 
corrosion 

Shaft
rotation

41.  Agitators/stirrers/radial launders C Damage , packing, 
corrosion 

Shaft
rotation

42. Rollers for chlorine tonner 
mounting C Damage , packing, 

corrosion 

43.  Centrifuge  S Damage , packing,   

44.  Gear box C Damage , packing, 
corrosion 

45.  Bearings  C Damage , packing, 
corrosion 

46.  Fans S Damage , packing, 
corrosion 

47.  Dosing skids S Damage , packing, 
corrosion 

48.  Pump assemblies S Damage , packing, 
corrosion 

49.  Air washers( INTERNALS) S Damage , packing   

50.  Air conditioners ( split) C Damage , packing   

�
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Sl. No. Description of the equipment  Type of 
Storage Check for Remarks 

51.  Elevators( CONTAINERIZED) O Damage , packing, 
corrosion 

52.  Chillers/VA machines S Damage , packing  

53.  Air handling Unit/Package unit S Damage , packing  

54.  Chlorinators &  Evaporators C Damage , packing   

55.  Ejectors C Damage , packing   

56.  Electrolyser C Damage , packing   

Miscellaneous items   like chain pulley blocks, hoists etc.

57.  Chain pulley blocks S Damage, Packing    

58.  Electric hoists S Damage, Packing    

59.  Fire extinguishers C Damage, expiry date   

60.  Fork Lift Truck S Damage, Packing    

61.  Hydraulic Mobile Crane O Damage, Packing    

62.  Mobile Pick Up & Carry Crane O Damage, Packing    

63.  Motor boats O Damage, Packing    

64.  Safety showers S Damage, Packing    

65.  Diffusers/dampers S Damage, Packing    

Chemicals and consumables ( acid, alkali, paints, oils, reagents and special chemicals)

66.  Hydro Chloric Acid (HCl) 

Store in 
canes/ 
storage 
tank in 
dyke
area 

Date of production/ 
leakage/fumes  

hazardous 
chemical  

67.  Sulphuric acid (H2SO4 )

Store in 
canes/ 
storage 
tank in 
dyke
area 

Date of production/ 
leakage/fumes  

hazardous 
chemical  

�

�
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�

Sl. No. Description of the 
equipment

Type of 
Storage Check for Remarks 

68.  Sodium hydroxide (NaOH) 

Store in canes/ 
storage tank in 
dyke area 

Date of production/ 
leakage/ fumes/ 
breather 

hazardous 
chemical 
,breather to be 
checked for air 
ingress 

69.  Sodium hypo chlorite To be stored 
under shed 

Date of production/ 
leakage/ fumes  

hazardous 
chemical ,self-life 
normally 15-30 
days after which 
strength of 
chemical decays  

70.  Ammonia S Date of production/ 
leakage/ fumes  

Store in closed 
storage tanks, 
hazardous 
chemical  

71.  CW treatment chemicals S Date of production , 
Self-life

Store in closed 
canes 

72.  RO/UF cleaning chemicals S Date of production , 
Self-life

Store in closed 
canes 

73.  Lime C Damage to packing , 
seepage  

Prevent moisture, 
rain

74.  Alum bricks C Damage to packing Prevent moisture, 
rain

75.  Poly electrolyte S Store in closed 
storage tanks 

76. Laboratory chemicals( 
powder) C Damage, Packing self-

life

77. Laboratory chemicals( 
liquid) C Damage, Packing self-

life

78.  Lubrication oils C Leakage  

79.  Paints S Leakage ,air tightness   

80.  Sand O Damage of packing  No hooks  

81.  Salt (NaCl) C Damage of packing, 
water ingress  

Prevent moisture, 
rain 

82.  Anthracite S Damage of packing    

83.  Activated carbon  S Damage of packing    
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Sl. No. Description of the 
equipment

Type of 
Storage Check for Remarks 

84.  Thermal insulation  S Damage of packing    

85.  Cement C Damage of packing  Prevent moisture, 
rain 

86.  Gravels O Damage of packing    

87.  ION exchange resins C Damage , packing  
Refer
manufacturer 
guidelines  

88.  RO membranes C Damage , packing  
Refer
manufacturer 
guidelines  

89.  UF membranes C Damage , packing  
Refer
manufacturer 
guidelines  

90.  Cleaning chemicals C Damage , packing  
Refer
manufacturer 
guidelines  

91. Chemicals for 
analysers/calibration C Damage , packing  

Refer
manufacturer 
guidelines  

Electrical and C & I items (motors, cables etc.)

92.  Motors C Damage , packing  

93.  Cable drums O Damage 

94. Control Panel /control desk, UPS 
,JB S Damage, Packing  

95.  Instruments( gauges/analysers) C Damage 

Special items As per Manufacturer’s item, like Hydrogen cylinders, 
Ozonator, Analyser, Chlorine dioxide generators etc.  
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5. CONCLUSION 

Concerned storage agency at site should make sure that loss in equipment performance 

and wear & tear are minimised through proper storage and preservation. The above are 

broad guidelines and cover major equipment / materials. However specific storage 

practices shall be followed as per manufacturer recommendation. All the necessary 

measures even in addition to the ones mentioned above, if found necessary, should be 

taken to achieve the objective.
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Figure – 1 – PLATE STACKING ARRANGEMENT 

Figure – 2 – STRUCTURAL STEEL STACKING ARRANGEMENT 
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SECTION : II  

SUB‐SECTION : 2   

REV: 00  DATE: AUG 2022
SHEET  1 OF 1    

 
BIDDER SHOULD SUBMIT THE SIGNED AND STAMPED COPY OF THE 
FOLLOWING DOCUMENTS: 
 

1. Compliance cum confirmation certificate 

2. Un  priced format for main package (mentioning quoted against each item) 

3. Un  priced format for mandatory spare (mentioning quoted against each item) 

4. Un  priced format for Tools and Tackles (mentioning quoted against each item) 

5. Un  priced format for Commissioning spare (mentioning quoted against each item) 

6. Complete  set of technical specification 

7. No  deviation certificate 
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CERTIFICATE 
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SUB‐SECTION : 3   

REV. NO.    00  DATE: AUG 2022
SHEET: 1 OF 2 

 
COMPLIANCE CUM CONFIRMATION CERTIFICATE  

 
The  bidder  shall  confirm  compliance  with  following  by  signing  /  stamping  this  compliance 
certificate (every sheet) and furnish same with the offer. 
 

a) The scope of supply, technical details, construction features, design parameters etc. shall 
be as per technical specification & there are no exclusions, other than those mentioned 
under “exclusion and  those resolved as per ‘Schedule of Deviations’, with regard to same.  

 
b) There  are  no  other  deviations  w.r.t.  specifications  other  than  those  furnished  in  the 

‘Schedule of Deviations’. Any other deviation, stated or  implied,  taken elsewhere  in  the 
offer stands withdrawn unless specifically brought out in the ‘Schedule of Deviations’ 

 
c)    Bidder  shall  submit  QP  in  the  event  of  order  based  on  the  guidelines  given  in  the 

specification & QP enclosed therein. QP will be subject to BHEL / CUSTOMER approval & 
customer hold points  for  inspection  /  testing  shall be marked  in  the QP at  the contract 
stage.  Inspection  /  testing  shall be witnessed as per  same apart  from  review of various 
test  certificates/  Inspection  records etc. This  is within  the  contracted price without any 
extra implications to BHEL after award of the contract. 

 
d) All drawings/ data‐sheets  / calculations etc.  submitted along with  the offer  shall not be 

taken cognizance off. 
 
e) The  offered materials  shall  be  either  equivalent  or  superior  to  those  specified  in  the 

specification & shall meet the specified / intended duty requirements. In case the material 
specified in the specifications is not compatible for intended duty requirements then same 
shall be resolved by the bidder with BHEL during the pre‐bid discussions, otherwise BHEL / 
Customer’s decision shall be binding on the bidder whenever the deficiency is pointed out.  

 
For  components where materials are not  specified,  same  shall be  suitable  for  intended 
duty, all materials shall be subject to approval in the event of order. 

 
f)    The  commissioning  spares  shall  be  supplied  on  ‘As  Required  Basis’  &  prices  for  same 

included in the base price itself.  
 
g) All sub vendors shall be subject to BHEL / CUSTOMER approval in the event of order.  
 

h) Guarantee  for  plant/equipment  shall  be  as  per  relevant  clause  of  GCC  /  SCC  /  Other 
Commercial Terms & Conditions  
 

i)    In  the  event  of  order,  all  the material  required  for  completing  the  job  at  site  shall  be 
supplied  by  the  bidder  within  the  ordered  price  even  if  the  same  are  additional  to 
approved  billing  break  up,  approved  drawing  or  approved  Bill  of  quantities within  the 
scope  of  work  as  tender  specification.  This  clause  will  apply  in  case  during  site 
commissioning, additional  requirements emerges due  to customer and / or consultant’s 
comments. No extra claims shall be put on this account 



 

5X800 MW  YADADRI TPS 
 

VENTILATION SYSTEM 
    COMPLIANCE CUM CONFIRMATION 

CERTIFICATE 

SPECIFICATION No: PE‐TS‐417‐554‐A002
SECTION : II  

SUB‐SECTION : 3   

REV. NO.    00  DATE: AUG 2022
SHEET: 2 OF 2 

 
 

j) Schedule  of  drawings  submissions,  comment  incorporations  &  approval  shall  be  as 
stipulated in the specifications. The successful bidder shall depute his design personnel to 
BHEL’s / Customer’s / Consultant’s office for across the table resolution of  issues and to 
get documents approved in the stipulated time. 

 
k) As built drawings shall be submitted as and when required during the project execution. 

 
l)   The bidder has not tempered with this compliance cum confirmation certificate and  if at 

any stage any tempering in the signed copy of this document is noticed then same shall be 
treated as breach of contract and suitable actions shall be taken against the bidder. 

 
m) Successful  bidder  shall  furnish  detailed  erection  manual  for  each  of  the  equipment 

supplied  under  this  contract  at  least  3 months  before  the  scheduled  erection  of  the 
concerned  equipment  /  component  or  along  with  supply  of  concerned  equipment  / 
component whichever is earlier. 

 
n) Document approval by customer under Approval category or  information category shall 

not  absolve  the  vendor  of  their  contractual  obligations  of  completing  the work  as  per 
specification requirement. Any deviation from specified requirement shall be reported by 
the  vendor  in  writing  and  require  written  approval.  Unless  any  change  in  specified 
requirement  has  been  brought  out  by  the  vendor  during  detail  engineering  in writing 
while  submitting  the  document  to  customer  for  approval,  approved  document  (with 
implicit  deviation)  will  not  be  cited  as  a  reason  for  not  following  the  specification 
requirement. 

 
o) In case vendor submits revised drawing after approval of the corresponding drawing, any 

delay in approval of revised drawing shall be to vendor’s account and shall not be used as 
a reason for extension in contract completion.  

 



 

5X800 MW YADADRI TPS
 

VENTILATION SYSTEM  
PRE‐BID CLARIFICATION SCHEDULE 

 

SPECIFICATION No: PE‐TS‐417‐554‐A002
SECTION : II  

SUB‐SECTION : 4   

REV. NO.    00  DATE: AUG 2022
SHEET: 1 OF 1 

 
PRE-BID CLARIFICATION SCHEDULE 

 
 

S. NO. SECTION/CLAUSE/PAGE NO. STATEMENT OF THE 
REFERRED CLAUSE 

CLARIFICATION 
REQUIRED 

    
    
    
    
    
    
    
    
    
 
The bidder hereby clarifies that above mentioned are the only clarifications required on the technical 
specification for the subject package. 
 
 
 
 
 
 

Signature: ______________ 

Name: _________________ 

Designation: ____________ 

Company: ______________ 

Date: __________________ 

 
Company Seal 
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LOA No.
Job No
Date / Rev

S.No

1
2
3

4

5

6
7

2 mmWC
7.5 mmWC
20 mmWC
3 mmWC
4 mmWC
35 mmWC

71.5 mmWC
7.15 mmWC
78.65 mmWC
85 mmWC

10

11
12
13
14
15
16
17
18

10SAG12AH001 TO 10SAG12AH004
20SAG12AH001 TO 20SAG12AH004
30SAG12AH001 TO 30SAG12AH004
40SAG12AH001 TO 40SAG12AH004
50SAG12AH001 TO 50SAG12AH004 

a. Across air intake louvers

Margine 10%
Total
Fan Selected For

e. Fan outlet Damper
f. Duct & Accessories
Sub Total

85 mm WG

Make up water requirement

9 Quantity Offered

Unit # 1 - 4 nos. (2 nos. A row side & 2 nos. B-C bay side)
Unit # 2 - 4 nos. (2 nos. A row side & 2 nos. B-C bay side)
Unit # 3 - 4 nos. (2 nos. A row side & 2 nos. B-C bay side)
Unit # 4 - 4 nos. (2 nos. A row side & 2 nos. B-C bay side)

Total Qty. - Twenty (20)

Pressure Drop across spray section
Material of AWU chamber 
Thickness
Painting

15 to 20 mm WC

Item Description

MS Epoxy Painted
2 mm MS
Epoxy painted from out side & inside

Double bank spray on filter screen with Mist eliminators, 
louvers, distribution plate, filters etc. 
280000 CMH

90 % (min.)
4 CMH 

Unit # 5 - 4 nos. (2 nos. A row side & 2 nos. B-C bay side)

b. Across Filter
c. AWU Chamber / spray section
d. Across Eliminators

8000x7900x4900 ht.
18,750 kg (each)

Doc. No. PE-V0-417-554-A009 08.01.2021  /  Rev-0�
Item Particulars

Model No.

Air Washer Unit
Advance Ventilation Pvt. Ltd.
AWU280

General Description

DATA  SHEET  &  GA  DRAWING FOR  AIR  WASHER  & UAF  
ALONGWITH  FAN  AND  PUMP  WITH FOUNDATION DETAILS 

FOR VENTILATION SYSTEM

Customer TSGENCO P-195/20
Project 5 x 800 MW YADADRI M21/DEL-069.BHEL (YADADRI)

Location

Overall Dimension 

Ten(10) @ 32.5 M in C-D Bay of Power House & Ten(10) @ 
0.00M Outside A row of Power House

Item
Manufacturer

Type

Air flow Capacity
Fan Static pressure

Saturation Efficiency of AWU
Operating Weight of AWU

Pressure drop In Air Washer Unit

KKS Tag of AWU

8
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LOA No.
Job No
Date / Rev

S.No
Doc. No. PE-V0-417-554-A009 08.01.2021  /  Rev-0�

Item Particulars

DATA  SHEET  &  GA  DRAWING FOR  AIR  WASHER  & UAF  
ALONGWITH  FAN  AND  PUMP  WITH FOUNDATION DETAILS 

FOR VENTILATION SYSTEM

Customer TSGENCO P-195/20
Project 5 x 800 MW YADADRI M21/DEL-069.BHEL (YADADRI)

1
2
3
4
5
6

7

8

9
10
11
12
13

1

2

3

4

5

6

7

8
9

1

Prep By Appr. ByAnand Gaur Sumit Choudhary

As per Approved ICP cum sub vendor list for ventilation system,
doc. No - Lr No. CE/TPC/SE-3/EME-11/YTPS/F.PEM/CAT PLAN/D 
NO 26/21 Dt 10.03.2021

Inspection & Testing

GI Heavy grade as per IS:1239 
Heavy grade as per IS:1239 upto 150 NB and MS as per 
IS:3589 for sizes above 200 NB

Inspection & Testing
Support Structure MS sections as per IS:2062

Internal & drain Piping

MS Epoxy Painted (800 mm ht.)

Stainless Steel

Air Washer Casing / Enclosure

18G Galvanized Plain Sheet

Cat walk

Water Mist Eliminator 
Water Tank

Air Pre filter size

Water Tank 6 mm thick MS, Epoxy Painted from inside & outside

Size of Nozzles
Pressure drop through Nozzle

Water Spray Nozzle

100% virgin PVC, 2mm thk., 3 bend section with supporting 
comb.

3/8"  MPT with 4.5 mm orifice
1.4  to 2.1 kg/cm2

External piping

Air Pre filter Type Washable type, Stainless Steel mesh filter complete with SS / 
Aluminum frame, Box type.

5.5 LPM

No. of Nozzles
100% Virgin PVC, die extruded, 3 bend (7800x4050 ht.)
2 Nos. bank x 468 (936 nos. in each AWU)

Capacity of each Nozzle

Water Eliminator 

No. of Air Pre filters

Air Distribution Plate
Double skin panel (inside and outside) shall be fabricated using
(24 G) galvanized steel,
with 25 mm. thk. Polyurethane insulation in between GSS
channels. Outside skin shall be
pre plasticized & inside sheet shall be plain GI.

Top Surface of the AWU shall be thermally insulated with 13
mm thick thermal insulation made of Aluminium foil faced 
Nitrile Rubber (of density min. 40 Kg/CuM)

610 x 610 x 50 mm - 72 nos. / 600 x 305 x 50 mm - 18 nos.

10 x 90 nos; 900 Nos. (90 Nos. for each AWU)

Yes;Bulk Head
Material of Construction

Air Intake Louver 20G Galvanized Plain Sheet

600x7800 
Yes
Yes

Sump strainer
Inspection Door
Marine Light 
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PO No.
Job No
Date / Rev

S.No Unit
1

2

3

4

5 Nos.

6

7 CMH

8 mmWG

9 mm

10 RPM

11 RPM

12

13

14

15

16 kW

17 RPM

18

19 kg
20 kg
21

22 dBa

23
24
25

26

Prep By Appr. By

DATA SHEET & GA DRAWING FOR AIR WASHER & UAF 
ALONGWITH FAN AND PUMP WITH FOUNDATION DETAILS FOR 

VENTILATION SYSTEM

Customer TSGENCO P-195/20
Project 5 x 800 MW YADADRI M21/DEL-069.BHEL (YADADRI)
Doc. No. PE-V0-417-554-A009 08.01.2021  /  Rev-0�

Item
Manufacturer Advance Ventilation Pvt. Ltd.

Particulars

Model No. AdLD - 137 , Arr. Y(s)

Type of fan Centrifugal (DIDW)

Type of fan Blade Backward Curved/Inclined

Quantity Fourty (40)

Location TG Bldg. at El. 32.5 M B-C bay and TG Bldg. at 
El. 0.00M outside 'A' row

Selected Capacity 140000

Static pressure 85

Impeller Wheel Diameter 1372

Rated Speed 623

Critical Speed 778

Class of Construction Class - I

Bearing Type Double row self  aligned Ball/Roller (Bearing life -
100000 Hr. as per IS:3824)

Type of fan drive Belt Drive

Recommended Motor Rating at 50 
deg.C 55

V - Belts (150% rated power) SPC-PT5000 mm - 4 nos.

Motor speed 1470

Vibration Level As per IS:14694 (2003)

Static load of Fan & motor 2200
Dynamic load of Fan & motor 3000
Material

a) Impeller MS Sheet : IS-2062 (min. 16 swg.)

b) Casing 3 mm thk. MS

Inspection & Testing

As per Approved ICP cum sub vendor list for 
ventilation system, doc. No - Lr No. CE/TPC/SE-
3/EME-11/YTPS/F.PEM/CAT PLAN/D NO 26/21 Dt 
10.03.2021

c) Shaft EN-8
Sound Pressure level at 1 M distance 
from fan ���

Fan Balancing Dyanamically balanced

Anand Gaur Sumit Choudhary

Direction of Discharge Refer attached GA drawings

Inspection & Testing

Painting Spray Galvanized



AD
VA

N
C

E 
VE

N
TI

LA
TI

O
N

 P
R

IV
AT

E 
LI

M
IT

ED

JO
B 

N
O

 - 
M

21
/D

EL
-0

69
.B

H
EL

KH
AS

R
A 

N
O

.-2
2/

/2
1/

1&
2,

 2
2/

/2
2/

 1
&2

 N
AT

H
U

PU
R

 IN
D

U
ST

R
IA

L 
AR

EA
 (S

O
N

EP
AT

)

-
01

.0
1.

20
21

A
N

A
N

D
R

.K
A

N
T

A
N

A
N

D
U

PE
N

D
ER

02
PE

-V
0-

41
7-

55
4-

A
00

9

G
A

 D
R

A
W

IN
G

 O
F 

C
EN

TR
IF

U
G

A
L 

FA
N

A
dL

D
-1

37
 A

rr
- Y

(s
) C

2 
W

IT
H

 5
5 

kW
/4

 P
ol

e 
M

ot
or

E
Q

U
IP

M
E

N
T

 L
O

A
D

 D
E

T
A

IL

V
-B

E
L

T
 D

R
IV

E
 S

E
T

 D
E

T
A

IL

(M
O

TO
R

 S
LI

D
E 

R
AI

L 
D

ET
AI

L)

A

C
O

M
M

O
N

 B
AS

E 
FR

AM
E 

(B
O

TT
O

M
 F

LA
N

G
E)

 

A.
G

00
.

17
.0

3.
20

21

D
R

AW
IN

G
 IS

SU
ED

 F
O

R
 R

EV
IE

W
/ A

PP
R

O
VA

L.

02
29

.1
0.

20
21

D
R

AW
IN

G
 IS

SU
ED

 F
O

R
 R

EV
IE

W
/ A

PP
R

O
VA

L.

R
EV

. N
O

D
O

N
E 

BY

S.
R

D
.K

A.
G

TO
P 

VI
EW

 

D
ET

AI
L 

- '
A'

 

C
O

M
M

O
N

 B
AS

E 
FR

AM
E 

(T
O

P 
FL

AN
G

E)
 

SI
D

E 
EL

EV
AT

IO
N

 
D

R
IV

E 
EN

D
 E

LE
VA

TI
O

N
 

00
.

S.
R

D
R

AW
IN

G
 IS

SU
ED

 F
O

R
 R

EV
IE

W
/ A

PP
R

O
VA

L.

01
10

.0
7.

20
21

D
AT

E
D

ES
C

R
IP

TI
O

N
C

H
EC

K 
BY

A.
G

03
16

.1
2.

20
21

D
R

AW
IN

G
 IS

SU
ED

 F
O

R
 R

EV
IE

W
/ A

PP
R

O
VA

L.
D

.K
A.

G

03

03



AD
VA

N
C

E 
VE

N
TI

LA
TI

O
N

 P
R

IV
AT

E 
LI

M
IT

ED

JO
B 

N
O

 - 
M

21
/D

EL
-0

69
.B

H
EL

KH
AS

R
A 

N
O

.-2
2/

/2
1/

1&
2,

 2
2/

/2
2/

 1
&2

 N
AT

H
U

PU
R

 IN
D

U
ST

R
IA

L 
AR

EA
 (S

O
N

EP
AT

)

-
01

.0
1.

20
21

A
N

A
N

D
R

.K
A

N
T

A
N

A
N

D
U

PE
N

D
ER

02
PE

-V
0-

41
7-

55
4-

A
00

9

G
A

 D
R

A
W

IN
G

 O
F 

C
EN

TR
IF

U
G

A
L 

FA
N

A
dL

D
-1

37
 A

rr
- Y

(s
) C

3 
W

IT
H

 5
5 

kW
/4

 P
ol

e 
M

ot
or

E
Q

U
IP

M
E

N
T

 L
O

A
D

 D
E

T
A

IL

TO
P 

VI
EW

 

29
.1

0.
20

21

D
O

N
E 

BY

A.
G

S.
R

D
.K

A.
G

(M
O

TO
R

 S
LI

D
E 

R
AI

L 
D

ET
AI

L)
 

(M
O

TO
R

 S
LI

D
E 

R
AI

L 
D

ET
AI

L)
 

C
O

M
M

O
N

 B
AS

E 
FR

AM
E 

(B
O

TT
O

M
 F

LA
N

G
E)

 

D
ET

AI
L 

- '
A'

 

D
R

IV
E 

EN
D

 E
LE

VA
TI

O
N

 
SI

D
E 

EL
EV

AT
IO

N
 

00
.

S.
R

D
R

AW
IN

G
 IS

SU
ED

 F
O

R
 R

EV
IE

W
/ A

PP
R

O
VA

L.
A.

G
00

.
17

.0
3.

20
21

01
10

.0
7.

20
21

D
R

AW
IN

G
 IS

SU
ED

 F
O

R
 R

EV
IE

W
/ A

PP
R

O
VA

L.

02

D
ES

C
R

IP
TI

O
N

D
R

AW
IN

G
 IS

SU
ED

 F
O

R
 R

EV
IE

W
/ A

PP
R

O
VA

L.

R
EV

. N
O

D
AT

E
C

H
EC

K 
BY

V
-B

E
L

T
 D

R
IV

E
 S

E
T

 D
E

T
A

IL

03
16

.1
2.

20
21

D
R

AW
IN

G
 IS

SU
ED

 F
O

R
 R

EV
IE

W
/ A

PP
R

O
VA

L.
D

.K
A.

G

03

03



W
h

e
e

l 
D

ia
m

e
te

r 
: 

1
3

7
2

 m
m

O
v
e

ra
ll

 w
h

e
e

l 
W

id
th

 :
 1

2
7

0
 m

m
O

u
tl

e
t 

A
re

a
 :

 2
.8

0
 S

q
m

RP
M

HP
RP

M
HP

RP
M

HP
RP

M
HP

RP
M

HP
RP

M
HP

RP
M

H
P

RP
M

HP
RP

M
HP

RP
M

H
P

4
4

0
9

2
2

1
8

1
1

.4
0

2
0

6
1

.9
8

2
2

9
2

.6
0

2
5

0
3

.2
4

2
7

0
3

.9
4

2
8

8
4

.6
6

3
0

6
5

.4
1

3
3

8
6

.9
9

3
6

8
8

.6
4

1
6

0
1

.0
5

4
.5

4
6

0
3

8
1

9
1

1
.6

7
2

1
6

2
.3

0
2

3
6

2
.9

6
2

5
6

3
.6

4
2

7
6

4
.3

7
2

9
4

5
.1

4
3

1
1

5
.9

3
3

4
2

7
.6

0
3

7
4

9
.3

4
1

8
0

1
.4

9

5
5

1
1

5
3

2
0

1
1

.9
9

2
2

4
2

.6
6

2
4

5
3

.3
7

2
6

4
4

.1
1

2
8

2
4

.8
6

2
9

9
5

.6
6

3
1

6
6

.5
0

3
4

7
8

.2
6

3
7

6
1

0
.1

0
2

0
0

2
.0

4

5
.5

5
6

2
6

8
2

1
2

2
.3

5
2

3
4

3
.0

6
2

5
4

3
.8

2
2

7
2

4
.6

1
2

8
9

5
.4

2
3

0
6

6
.2

6
3

2
2

7
.1

3
3

5
2

8
.9

4
3

8
0

1
0

.8
7

2
2

0
2

.7
2

6
6

1
3

8
4

2
2

4
2

.7
7

2
4

4
3

.5
2

2
6

3
4

.3
3

2
8

1
5

.1
7

2
9

7
6

.0
3

3
1

3
6

.9
1

3
2

8
7

.8
1

3
5

8
9

.7
2

3
8

6
1

1
.7

0
2

4
0

3
.5

2

6
.5

6
6

4
9

9
2

3
5

3
.2

5
2

5
4

4
.0

5
2

7
2

4
.9

0
2

9
0

5
.7

7
3

0
6

6
.6

9
3

2
2

7
.6

3
3

3
6

8
.5

8
3

6
5

1
0

.5
0

3
9

2
1

2
.6

0
2

6
0

4
.5

0

7
7

1
6

1
4

2
4

7
3

.8
1

2
6

6
4

.6
4

2
8

3
5

.5
2

2
9

9
6

.4
5

3
1

5
7

.4
1

3
3

1
8

.4
0

3
4

5
9

.4
1

3
7

2
1

1
.5

0
3

9
8

1
3

.6
0

2
8

0
5

.6
0

7
.5

7
6

7
3

0
2

6
0

4
.4

4
2

7
7

5
.3

0
2

9
4

6
.2

5
3

0
9

7
.2

0
3

2
5

8
.2

0
3

3
9

9
.2

4
3

5
4

1
0

.3
0

3
8

0
1

2
.5

0
4

0
5

1
4

.7
0

3
0

0
6

.8
8

8
8

1
8

4
5

2
7

3
5

.1
6

2
8

8
6

.0
3

3
0

6
7

.0
1

3
2

0
8

.0
1

3
3

5
9

.0
8

3
4

9
1

0
.1

0
3

6
2

1
1

.2
0

3
8

8
1

3
.5

0
4

1
2

1
5

.8
0

3
2

0
8

.3
6

8
.5

8
6

9
6

0
2

8
6

5
.9

4
3

0
1

6
.8

6
3

1
6

7
.8

5
3

3
1

8
.9

4
3

4
5

1
0

.0
3

5
9

1
1

.1
0

3
7

2
1

2
.3

0
3

9
7

1
4

.6
0

4
2

1
1

7
.1

0
3

4
0

1
0

.0
0

9
9

2
0

7
5

2
9

9
6

.8
2

3
1

4
7

.7
7

3
2

8
8

.8
1

3
4

2
9

.9
0

3
5

5
1

1
.0

0
3

6
9

1
2

.2
0

3
8

2
1

3
.4

0
4

0
6

1
5

.8
0

4
3

0
1

8
.4

0
3

6
0

1
1

.9
0

9
.5

9
7

1
9

1
3

1
3

7
.8

1
3

2
6

8
.8

0
3

3
9

9
.8

7
3

5
4

1
1

.0
0

3
6

6
1

2
.2

0
3

7
9

1
3

.4
0

3
9

2
1

4
.5

0
4

1
6

1
7

.2
0

4
3

8
1

9
.8

0
3

8
0

1
4

.0

1
0

1
0

2
3

0
6

3
2

8
8

.8
5

3
3

9
9

.8
9

3
5

2
1

1
.0

0
3

6
5

1
2

.2
0

3
7

8
1

3
.4

0
3

9
0

1
4

.7
0

4
0

2
1

5
.9

0
4

2
5

1
8

.5
0

4
4

8
2

1
.2

0
4

0
0

1
6

.4
0

1
1

1
1

2
5

3
7

3
5

5
1

1
.3

0
3

6
6

1
2

.4
0

3
7

8
1

3
.6

0
3

8
9

1
4

.8
4

0
1

1
6

.1
0

4
1

2
1

7
.5

0
4

2
4

1
8

.8
0

4
4

6
2

1
.6

0
4

6
7

2
4

.5
0

4
2

0
1

8
.9

0

1
2

1
2

2
7

6
7

3
8

3
1

4
.2

0
3

9
4

1
5

.5
0

4
0

4
1

6
.7

0
4

1
5

1
8

.1
0

4
2

5
1

9
.3

0
4

3
5

2
0

.7
0

4
4

6
2

2
.2

0
4

6
7

2
5

.1
0

4
8

8
2

8
.2

0
4

4
0

2
1

.8
0

1
3

1
3

2
9

9
8

4
1

2
1

7
.5

0
4

2
2

1
9

.0
0

4
3

1
2

0
.4

0
4

4
1

2
1

.6
0

4
5

1
2

3
.0

4
6

1
2

4
.5

0
4

7
1

2
6

.0
4

8
9

2
9

.2
0

5
0

9
3

2
.4

0
4

6
0

2
4

.8
0

1
4

1
4

3
2

2
8

4
4

1
2

1
.6

0
4

4
9

2
3

.1
0

4
5

9
2

4
.4

0
4

6
8

2
6

.0
4

7
7

2
7

.3
0

4
8

5
2

8
.8

0
4

9
4

3
0

.5
0

5
1

2
3

3
.6

0
5

3
1

3
7

.1
0

4
8

0
2

8
.2

0

1
5

1
5

3
4

5
9

4
6

9
2

6
.2

0
4

7
8

2
7

.6
0

4
8

6
2

9
.2

0
4

9
4

3
0

.8
0

5
0

3
3

2
.2

0
5

1
2

3
3

.9
0

5
1

9
3

5
.5

0
5

3
7

3
8

.8
0

5
5

4
4

2
.3

0
5

0
0

3
1

.9
0

RP
M

HP
RP

M
HP

RP
M

HP
RP

M
HP

RP
M

HP
RP

M
HP

RP
M

H
P

RP
M

HP
RP

M
HP

RP
M

H
P

7
7

1
6

1
4

4
4

5
1

8
.2

0
4

9
0

2
3

.1
0

5
3

1
2

8
.4

0
5

6
9

3
3

.8
0

6
0

4
3

9
.3

0
6

3
8

4
6

.4
0

6
7

0
5

1
.2

0
7

0
0

5
7

.4
0

7
3

0
6

4
.2

0
5

2
0

3
5

.8
0

7
.5

7
6

7
3

0
4

5
2

1
9

.4
0

4
9

5
2

4
.5

0
5

3
6

2
9

.8
0

5
7

4
3

5
.5

0
6

0
8

4
1

.2
0

6
4

4
4

7
.2

0
6

7
4

5
3

.5
0

7
0

6
6

0
.3

0
7

3
5

6
6

.6
0

5
4

0
4

0
.1

0

8
8

1
8

4
5

4
5

8
2

0
.7

0
4

9
9

2
6

.0
0

5
4

0
3

1
.5

0
5

7
6

3
7

.3
0

6
1

2
4

3
.3

0
6

4
6

4
9

.5
0

6
7

7
5

5
.8

0
7

0
7

6
2

.6
0

7
3

6
6

9
.3

0
5

6
0

4
4

.9
0

8
.5

8
6

9
6

0
4

6
5

2
2

.2
0

5
0

6
2

7
.3

0
5

4
5

3
3

.2
0

5
8

1
3

9
.2

0
6

1
6

4
5

.3
0

6
5

0
5

1
.8

0
6

8
2

5
8

.4
0

7
1

1
6

5
.0

0
7

3
8

7
1

.8
0

5
8

0
4

9
.7

0

9
9

2
0

7
5

4
7

2
2

3
.7

0
5

1
2

2
9

.2
0

5
5

1
3

5
.0

0
5

8
8

4
1

.1
0

6
2

1
4

7
.4

0
6

5
6

5
4

.0
0

6
8

5
6

0
.6

0
7

1
8

6
7

.7
0

7
4

7
7

5
.0

0
6

0
0

5
5

.0
0

9
.5

9
7

1
9

1
4

8
1

2
5

.3
0

5
1

9
3

1
.0

0
5

5
7

3
6

.9
0

5
9

3
4

3
.3

0
6

2
6

4
9

.7
0

6
5

9
5

5
.1

0
6

9
0

6
3

.4
0

7
2

0
7

0
.7

0
7

4
8

7
7

.8
0

6
2

0
6

0
.6

0

1
0

1
0

2
3

0
6

4
8

9
2

6
.9

0
5

2
7

3
2

.8
0

5
6

3
3

8
.8

0
5

9
8

4
5

.3
0

6
3

1
5

2
.0

0
6

6
4

5
8

.6
0

6
9

5
6

6
.0

0
7

2
4

7
3

.7
0

7
5

2
8

0
.8

0
6

4
0

6
6

.8
0

1
1

1
1

2
5

3
7

5
0

7
3

0
.6

0
5

4
4

3
6

.9
0

5
7

8
4

3
.3

0
6

1
2

5
0

.0
0

6
4

4
5

7
.0

0
6

7
2

6
4

.4
0

7
0

5
7

1
.4

0
7

3
4

7
9

.2
0

7
6

1
8

6
.9

0
6

6
0

7
3

.2
0

1
2

1
2

2
7

6
7

5
2

5
3

4
.6

0
5

6
1

4
1

.3
0

5
9

5
4

8
.2

0
6

2
6

5
5

.4
0

6
5

7
6

2
.4

0
6

8
7

7
0

.3
0

7
1

7
7

7
.6

0
7

4
4

8
5

.8
0

7
7

1
9

3
.7

0
6

8
0

8
0

.2
0

1
3

1
3

2
9

9
8

5
4

5
3

9
.2

0
5

7
9

4
7

.0
0

6
1

2
5

3
.4

0
6

4
4

6
1

.0
0

6
7

2
6

8
.6

0
7

0
0

7
6

.5
0

7
2

9
8

4
.3

0
7

5
5

9
2

.5
0

7
8

4
1

0
1

.0
0

7
0

0
8

7
.5

0

1
4

14
32

28
5

6
5

4
4

.1
0

5
9

9
5

1
.6

0
6

3
0

5
9

.2
0

66
2

67
.1

0
6

9
0

7
5

.3
0

7
1

8
8

3
.5

0
7

4
4

9
1

.7
0

7
7

0
1

0
0

.3
0

7
9

6
1

0
9

.0
0

7
2

0
9

5
.2

0

1
5

1
5

3
4

5
9

5
8

7
4

9
.9

0
6

1
9

5
7

.5
0

6
5

0
6

5
.5

0
6

7
8

7
3

.9
0

7
0

8
8

2
.1

0
7

3
5

9
1

.0
0

7
6

1
9

9
.6

0
7

8
7

1
0

8
.2

0
8

1
0

1
1

7
.6

0
7

4
0

1
0

3
.4

0

1
6

1
6

3
6

9
0

6
0

9
5

6
.1

0
6

3
9

6
4

.1
0

6
7

0
7

2
.6

0
6

9
8

8
0

.9
0

7
2

5
8

9
.8

0
7

5
2

9
9

.0
0

7
7

7
1

0
8

.0
0

8
0

1
1

1
7

.2
0

8
2

4
1

2
6

.5
0

7
6

0
1

1
2

.1
0

1
7

1
7

3
9

2
0

6
3

2
6

2
.8

0
6

6
1

7
1

.5
0

6
9

0
7

9
.9

0
7

1
8

8
8

.8
0

7
4

4
9

7
.9

0
7

6
9

1
0

7
.8

0
7

9
6

1
1

6
.8

0
8

2
3

1
2

6
.2

0
8

4
2

1
3

7
.0

0
7

8
0

1
2

1
.4

0

1
8

1
8

4
1

5
1

6
5

5
7

0
.5

0
6

8
4

7
9

.2
0

7
1

1
8

8
.4

0
7

3
8

9
7

.7
0

7
6

4
1

0
7

.2
0

7
8

9
1

1
4

.8
0

8
1

2
1

2
6

.6
0

8
4

0
1

3
7

.0
0

8
6

0
1

4
7

.0
0

8
0

0
1

3
1

.0
0

1
9

1
9

4
3

8
1

6
7

9
7

9
.0

0
7

0
6

8
7

.7
0

7
3

2
9

7
.5

0
7

5
8

1
0

7
.2

0
7

8
4

1
1

6
.9

0
8

0
8

1
2

8
.1

0
8

3
1

1
3

7
.0

0
8

5
2

1
4

7
.8

0
8

7
6

1
5

8
.5

0
8

2
0

1
4

1
.0

0

2
0

2
0

4
6

1
2

7
0

4
8

8
.0

0
7

3
0

9
7

.5
0

7
5

6
1

0
7

.0
0

7
8

0
1

1
7

.7
0

8
0

5
1

2
4

.8
0

8
2

8
1

3
7

.3
0

8
5

1
1

4
8

.1
0

8
7

5
1

5
9

.0
0

8
9

6
1

7
0

.0
0

8
4

0
1

5
1

.8
0

2
1

2
1

4
8

4
6

7
3

0
9

8
.0

0
7

5
5

1
0

7
.5

0
7

8
0

1
1

7
.0

0
8

0
4

1
2

8
.1

0
8

2
7

1
3

9
.0

0
8

4
9

1
4

8
.8

0
8

7
3

1
6

1
.0

0
8

9
4

1
7

1
.2

0
9

1
6

1
8

2
.5

0
8

6
0

1
6

2
.7

0

Capacity,
m³/h

Li
m

it 
Lo

ad
15

0

Outlet 
Velocity 
m/sec

St
at

ic
 P

re
ss

ur
e,

 M
ill

i M
et

re
 o

f W
at

er
  C

ol
um

n
50

Li
m

it 
Lo

ad
6.

25
10

12
.5

15
20

21
.9

25
St

at
ic

 P
re

ss
ur

e,
 M

ill
i M

et
re

 o
f W

at
er

  C
ol

um
n

62
.5

75
87

.5

Outlet 
Velocity 
m/sec

Capacity,
m³/h

DO
U

BL
E 

IN
LE

T 
DO

U
BL

E 
W

ID
TH

 C
EN

TR
IF

U
G

AL
 L

IM
IT

 L
O

AD
 F

AN
M

O
DE

L
Ad

LD
-1

37

10
0

11
2.

5
12

5
13

7

31
.2

5
37

.5



LOA No.
Job No
Date / Rev

S.No

1
2
3

4

5

6
7

2 mmWC
12 mmWC
15 mmWC
3 mmWC
4 mmWC
15 mmWC
51 mmWC
5.1 mmWC
56.1 mmWC
60 mmWC

10
11
12
13
14
15

16

12 to 15 mm WC

2 mm thk. MS, Epoxy painted, Top Surface of the UAF shall be 
thermally insulated with 13 mm thick thermal insulation
made of Aluminium foil faced closed cell elastomeric Nitrile 
Rubber (of density min. 40
Kg/CuM) / XLPE (of density min. 33 Kg/CUM) or equalvent.

DATA  SHEET  &  GA DRAWING FOR  AIR  WASHER  & UAF  
ALONGWITH  FAN  AND  PUMP  WITH FOUNDATION DETAILS 

FOR VENTILATION SYSTEM

Customer TSGENCO P-195/20
Project 5 x 800 MW YADADRI M21/DEL-069.BHEL (YADADRI)

PE-V0-417-554-A009 08.01.2021 / Rev-0�
Item Particulars

General Description
Item Unitary Air Filtration Unit

Doc. No.

Manufacturer Advance Ventilation Pvt. Ltd.
Model No. UAF-100

Type Single bank spray nozzles with Mist eliminators, louvers, filters 
etc. 

Air flow Capacity 1,00,000 CMH

KKS Tag of UAF

10SAF12AH001 
20SAF12AH001 
30SAF12AH001 
40SAF12AH001 
50SAF12AH001 

Fan Static pressure 60 mm WG

Five (5); each of 1,00,000 CMH

a. Across air intake louvers
b. Across Filter
c. AWU Chamber / spray section
d. Across Eliminators

f. Duct & Accessories

Margine 10%
Total

Location On to the Roof of ESP Building @ 8.50M LVL.
Overall Dimension As per GA drawing of UAF, enclosed

Saturation Efficiency of AWU 60%
Operating Weight of UAF 5650 kg.

Make up water requirement 1.5 CMH 
Pressure Drop across spray section

Material of UAF chamber 

Fan Selected For

Pressure drop In Air Washer Unit8

Quantity Offered9

ESP Building Unit # 1 - 1 no.
ESP Building Unit # 2 - 1 no.
ESP Building Unit # 3 - 1 no.
ESP Building Unit # 4 - 1 no.
ESP Building Unit # 5 - 1 no.

e. Fan outlet Damper

Sub Total

��

��



LOA No.
Job No
Date / Rev

S.No

DATA  SHEET  &  GA DRAWING FOR  AIR  WASHER  & UAF  
ALONGWITH  FAN  AND  PUMP  WITH FOUNDATION DETAILS 

FOR VENTILATION SYSTEM

Customer TSGENCO P-195/20
Project 5 x 800 MW YADADRI M21/DEL-069.BHEL (YADADRI)

PE-V0-417-554-A009 08.01.2021 / Rev-0�
Item Particulars

Doc. No.

17
18

1
2
3
4
5
6

7
9
10
11
12

1

2

3

4

5

6

7

8

1

Prep By Appr. By

MS Epoxy painted ( 600 mm ht.)

2 mm thk. MS
Epoxy painted from outside & inside

Item Description

Water Mist Eliminator 100% Virgin PVC, die extruded, 3 bend (3675x3165 ht.)

Thickness

Water Tank

Painting

No. of Nozzles 1 No. bank x 168 nos. in each UAF
Size of Nozzles 3/8" MPT  X 4.5 mm orfice
Pressure drop through Nozzle 1.4  to 2.1 kg/cm2
Capacity of each Nozzle 5.5 LPM

Air Pre filter size 610 x 610 x 50 mm-30 nos. 

Air Pre filter Type Washable type, Stainless Steel mesh filter complete with SS / 
Aluminum frame, Box type.

Cat walk 600x3600
Sump strainer Yes
Inspection Door Yes

Material of Construction
Air Intake Louver 20G GI sheet

UAF Chember

2 mm thk. MS, Epoxy painted, Top Surface of the UAF shall be 
thermally insulated with 13 mm thick thermal insulation
made of Aluminium foil faced closed cell elastomeric Nitrile 
Rubber (of density min. 40
Kg/CuM) / XLPE (of density min. 33 Kg/CUM) or equalvent.

GI Heavy grade as per IS:1239 

Water tank 3 mm thk. MS, Inside & outside Epoxy Painted

Water Mist Eliminator 100% virgin PVC, 2mm thk., 3 bend section with supporting 
comb.

Inspection & Testing

Inspection & Testing
As per Approved ICP cum sub vendor list for ventilation system, 
doc. No - Lr No. CE/TPC/SE-3/EME-11/YTPS/F.PEM/CAT PLAN/D 
NO 26/21 Dt 10.03.2021

Water Spray Nozzle

External piping Heavy grade as per IS:1239 upto 150 NB and MS as per IS:3589 
for sizes above 200 NB

Anand Gaur Sumit Choudhary

Support Structure MS sections as per IS:2062;with galvanizing

Marine Light Yes; Bulk Head

Stainless Steel

Internal & drain Piping

��
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LOA No.
Job No
Date / Rev

S.No Unit
1

2

3

4

5 Nos.
6

7 CMH
8 mmWG
9 mm
10 RPM
11 RPM
12

13

14

15

16 kW

17 RPM
18

19 Kg.
20 Kg.
21

22
dBa

23
24

25

26

Prep By Appr. By

Painting

Inspection & Testing

Direction of Discharge Refer Attached GA drawing 

Inspection & Testing

Anand Gaur Sumit Choudhary

As per Approved ICP cum sub vendor list for 
ventilation system, doc. No - Lr No. CE/TPC/SE-
3/EME-11/YTPS/F.PEM/CAT PLAN/D NO 26/21 Dt 
10.03.2021

���

Dyanamically balanced
Spray Galvanized

Fan Balancing

Sound Pressure level at 1 M distance 
from fan

Type of fan

Type of fan Blade

Quantity

Location

Critical Speed

Class of Construction

Selected Capacity

Static pressure

08.01.2021 / Rev-0�

Manufacturer

Model No.

Advance Ventilation Pvt. Ltd.

AdLL - 168, Arr. Y (s)

Item Particulars
Doc. No.

60

DATA SHEET & GA DRAWING FOR AIR WASHER & UAF 
ALONGWITH FAN AND PUMP WITH FOUNDATION DETAILS FOR 

VENTILATION SYSTEM

Customer TSGENCO P-195/20
Project 5 x 800 MW YADADRI M21/DEL-069.BHEL (YADADRI)

PE-V0-417-554-A009

Type of fan drive

Recommended Motor Rating at 50 
deg.C

Belt Drive

Impeller Wheel Diameter

Rated Speed

Centrifugal (SISW)

Backward Curved/Inclined

Five (5)

At the Roof of ESP Building 

1,00,000

Bearing Type

1130

470

587

Class - I
Double row self  aligned Ball/Roller (Bearing life - 

100000 Hr. as per IS:3824)

1470

Material

MS Sheet : IS-2062 (min. 16 swg.)

3 mm thk. MS

EN-8

1840Static load of Fan & motor 

Dynamic load of Fan & motor 2760

V - Belts (250% rated power) SPB-PT4060 mm - 3 nos.

a) Impeller

b) Casing

c) Shaft

Motor speed

30

Vibration Level As per IS:14694 (2003)
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