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1.0 GENERAL 
 

The Condenser On load Tube Cleaning Systems (COLTCS) complete with all accessories 
shall conform to the standard technical specifications (Section-II) and Data Sheet-A 
enclosed herewith. In addition the requirements of this section I including customer 
specification attached at Annexure-IV (as applicable) shall also be complied with. However, 
wherever the details given in Section-II and Data Sheet-A are different, the requirements of 
Data Sheet-A shall prevail. Similarly in the event of contradictions between Section-I/ 
customer specification (Annexure-IV) / Section-II/ Data Sheet-A, the same shall prevail in 
the order as: customer specification (Annexure-IV), Section-I, Datasheet-A, Section-II. 
 
Section I consists of 4 Sub-Sections viz. Sub-Sec. IA, IB and IC for Mechanical, Electrical 
and C&I respectively and Sub-Sec. ID for Datasheet-A, the requirements of all 4 sub-
sections shall be complied with. 
 
 

2.0   DESCRIPTION OF EQUIPMENTS : 
 

 
2.1 Condenser on load tube cleaning systems (COLTCS) : 
 
 

The condenser on load tube cleaning system (COLTCS) is intended to prevent formation of 
various forms of fouling and scaling in the condenser tubes. The cooling water system is of 
closed circuit type with cooling towers or open circuit type as specified. The water analysis 
is indicated with Datasheet-A. 

 
 
 
3.0 SCOPE OF SUPPLY UNDER THE SPECIFICATION IN THE BIDDER’S SCOPE FOR 

COLTCS. 
 
 
3.1 The details of COLTCS with quantities, design parameters, size and MOC’s as per Data 

Sheet-A. 
 
3.2 SCOPE OF SUPPLY  IN THE BIDDER’S SCOPE FOR COLTCS: 
 
3.2.1 Each set of COLTCS shall comprise following : 
 

a) One No. Ball Separator at Condenser CW outlet pipe. 
b) One No. Ball recirculation pump with drive motor. 
c) One No. Ball collector. 
 

d) One No. Manual ball sorter (Bucket type sorter with sieves to manually sort out the 
undersized balls by shaking the sieved bucket manually) for each set of COLTCS. 

 
e) Differential pressure measuring system for ball separator. DP measuring system 

shall comprise of 2 nos. DPT +1 no. DPG for each COLTCS. Instrument shall be with 
Remote seal   arrangement. Stubs for DPT and DPG shall be independent. 

 
f) Ball monitoring system comprising an independent balls recirculation monitor and an 

independent balls oversize monitor. If bidder is not manufacturing Ball over size 
monitor then they can offer other alternatives like automatic ball sorter etc. 
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g) Length of Ball separator, Scope of Counter Flange, Nuts, bolts and gaskets shall be 

as per Datasheet-A.  
   Thickness of body flange and counter flange shall be as per Drg no PE-DG-999-141-

M017 enclosed at enclosures at Annexure-II of Datasheet-A.  
 

h) Complete Pipe work, including interconnection piping, flanges/counter flanges for 
pipes, bends, fittings, distributors, nozzles and support installation materials shall be 
in Purchaser’s scope. However, valves along with its Flanges/Counter 
Flanges/Gaskets/Nuts & Bolts shall be in Bidder’s Scope. Isometric Drawing 
along with BOM for interconnection piping, flanges/counter flanges for pipes, bends, 
fittings, distributors, nozzles and support installation materials inline with approved 
Installation Drawing to be submitted by the Bidder within 4 weeks after approval of the 
Installation Plan. 
 

i) The Electrical and C&I item / accessory as specified in succeeding clause/ 
respective sections herein. 

 
j) Power and Control cables between starter Panel (Switch Gear) and various drives in 

bidder’s scope of supply. 
 

k) Starter Panel (Switch Gear Panel)  shall be as follows: 
 
2 Sets of COLTCS shall have one Common Switch Gear Panel for DCS based 
control system. However, separate Local Control Panel (Starter Panel) shall be 
provided near to each COLTCS for its operation. 

 
Switch Gear Panel should have suitable arrangement like Bus Coupler for providing 
redundancy to incoming supply feeder (1Working + 1 Standby feeder). 
 

l) Control cables between field instruments and Switch gear panel. 
 

m)  All the field instruments stipulated in this specification shall be in Bidder’s scope. 
 

n) Commissioning balls and other commissioning spares on “As required basis” and to 
be supplied at the time of commissioning of COTCS system. 

 
o) Set of mandatory spares as indicated in Data Sheet A. Spare balls (if applicable) to 

be supplied at the time of commissioning of COLTCS system. 
 

p) Supporting arrangement complete with saddle support, foundation plates, anchor 
bolts, nuts, sleeves, inserts, all installation materials, fixing bolts, clamps and other 
accessories etc. for complete equipment supplied under this package. 

  
q) Finish paints for touch up painting of equipment after erection at site, in sealed 

containers. 
 

r) Set of special tools and tackles if required for maintenance and erection of the 
equipment supplied. 

 
s) Various drawings, data test reports/ certificates instruction manuals for erection 

operation and maintenance etc. as specified in Data Sheet-C. and cables schedule 
indicating BOQ for power & control cables. 
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t) Panels & Instruments: Scope and Type as specified in C&I section wherever 
required. 

 
u) Cathodic Protection of COLTCS along with Sacrificial Anode. 

 
Any item not specified but required to make COLTCS a complete package shall also be in 
bidder’s scope. 

 
 

4.0 SCOPE OF SERVICES INCLUDED IN THE BIDDER’S SCOPE : 
 

The bidder's scope also includes following services at site, for scope under this 
specification for COLTCS: 

 
a) Installation checks (Erection in BHEL’s scope). 
b) Commissioning of equipment.   
c) Trial run for requisite period 
d) Performance Testing. 

 
The trial run of equipment shall be generally conducted immediately after commissioning while PG 
testing shall be conducted at a later date. These activities for different units shall be timed 
separately. 
 

 For drawings/documents approval  
In the event of order all drawings / documents in soft as well as hard copy shall be 
submitted as per cl. 10.0 (b) below.  
 
Further on receipt of Customer comments, if required bidder’s engineer shall visit 
BHEL/ Customer alongwith soft copy  to resolve all issues and incorporate 
comments in the soft copy for across the table finalisation and Category-I approval. 

 
 

 Site Visits for installation check / commissioning: 
 

Two site visits for four days each for installation check / commissioning of each unit 
in their base price for combined activities of erection checks and commissioning for 
COLTCS for both sets of equipments  of one unit.  

 
5.0 EXCLUSIONS : 
 

The following are excluded from the bidder's scope. 
 
5.1 Civil foundation works required for installation 
5.2 Erection of Equipment at site.  
 
6.0 DESIGN CONSTRUCTION : 
 

In addition to the requirements of Section-D the following shall also be complied.  
 
6.1 Layout Piping Arrangement Drg. is enclosed in the specifications at Annexure-III of 

Datasheet-A. 
 
6.2 Thickness of body flange and counter flange of COLTCS shall be as per Drg no PE-DG-

999-141-MO17 enclosed at enclosures at Annexure-II of Datasheet-A.  
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6.3 The materials of construction specified in Data Sheet-A are minimum requirements and 

materials of construction for other components not specified shall be similarly selected by 
the bidder for the intended duty which shall be subject to purchaser’s approval during 
detailed engineering in the event of order. 

 
6.4 Housing/ body of COLTCS shall be designed and manufactured as per the applicable 

codes for pressure vessels and to take care of force and moments as enclosed in the 
specification. However in no case thickness of housing/ body shall be less than connecting 
pipe thickness as specified in Data Sheet-A of COLTCS. 

 
6.5 Cathodic Protection for COLTCS along with Sacrificial Anode shall be provided by the 

bidder in the equipment. 
 
6.6 Any flow straightner for streamlining the CW flow in balls collecting strainer if required shall 

be supplied by the bidder along with mounting arrangement and the fixing details. Suitable 
Coating for protection against Sea Water and Touch-up Paint in sealed Container after 
welding in Condenser Outlet Pipe at Site to be provided by the Bidder.  
 

6.7 Velocity in the pipe work shall be less than 1.5 m/ sec for pump suction and less than 2.0 
m/ sec. in other pipe work. All valves upto 150 NB shall be ball valves. For higher sizes, 
gate/ globe/ B.F. valves shall be provided. All instrument valves shall be needle valves. 

 
7.0 Performance Guarantee and Bid Evaluation criteria for Condenser on Load Tube 

Cleaning System. 
 

Performance Parameters to be guaranteed by bidders under demonstration category under 
compulsory corrections shall be as under: 
 

i)   Percentage recovery of balls (min. 90% recovery for 1000 hrs of normal plant 

operation with 8 hrs Operation of COLTCS per day) 

ii)   Life of Sponge Rubber Ball (Min. 3 weeks with 8 hrs operation of COLTCS per 

day). 

iii)  Max. Pressure drop in ball separator in clean condition (Test to be conducted 

along with commissioning) – not exceeding 0.2 MWC. The Bids shall be technically 

rejected for pressure drop quoted higher than 0.2 MWC. 

 
           Any deviation to above balls life, percentage recovery and pressure drop will not be 

accepted. 
                     
                      In case the successful bidder fails to demonstrate any of these parameters he   
                      shall carry out modifications at his own cost, to purchaser’s approval. 

           In case bidder fails to demonstrate above parameters to purchaser’s satisfaction    
           even after modification carried by him at site, the purchaser has the right to reject  
           the equipment out rightly. 

 
8.0 SPARES : 
 
8.1 Mandatory Spares 

Mandatory Spares shall be as per Data Sheet-A or annexure enclosed with data sheet A.  
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9.0 Quality Plan 
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 and 
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. Charges for 3rd party inspection (TUV/ equivalent) for 
imported components wherever required shall be included by bidder in the base price itself. 
If BHEL or BHEL customer decides to witness the tests along with third party, the cost of 
travel of BHEL or BHEL customer shall be borne by BHEL or BHEL customer themselves. 
 

    
10.0 DELIVERY & DRAWINGS/ DOCUMENTS DISTRIBUTION SCHEDULE : 

 
a. Delivery of Equipment shall be as per NIT. 

 
b. The drawings to be submitted by bidder in event of award of contract.  

 

PACKAGE BHEL DRG NO DRG TITLE Drg Sch for vendors 

COLTCS 

PE-V2-412-165-N001 
P&ID OF COLTCS 
SYSTEM 

R-0 within 20 
days (for all 
except 
Installation 
plan, for 
Installation 
Plan 30 Days) 
from LOI/PO 
& subsequent 
revisions 
within 10 days 
of comments 
received from 
BHEL. 

PE-V2-412-165-N002 
TECHNICAL DATA 
SHEET-COLTCS 

PE-V2-412-165-N003 
INSTALLATION PLAN- 
COLTCS 

PE-V2-412-165-N004 
GENERAL 
ARRANGEMENT OF 
BALL SEPERATOR  

PE-V2-412-165-N005 
DETAILS OF BR 
SKID,BALL INJECTION 
PIPE &  FIXING DETAILS 

PE-V2-412-165-N006 

C&I Part-I,PANEL-TDS, I/O 
LIST, CABLE SCH AND 
CONTROL PHILOSPHY 
FOR COLTCS 

PE-V2-412-165-N008 QP-COLTCS 

PE-V2-412-165-N007 
C&I Part-II, GA & WIRING 
DIAGRAM OF PANEL- 
COLTCS 

R-0 within 30 days from 
Cat-I(or)II approval of 
C&I Part-I document & 

subsequent revisions 
within 10 days of 

comments received from 
BHEL. 

PE-V2-412-165-N009 O& M MANUAL -COLTCS 
Within 30 days from 

MDCC 
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11.0 The makes of various bought out items shall be subjected to purchaser's approval in the 
event of order.  

 
12.0 It is mandatory for the bidders to submit along with the bid the deviations if any whether 

major or minor in the schedule of deviations only. In the absence of deviations listed in 
the schedule of deviations the offer shall be deemed to be in full conformity with the 
specification "non-withstanding" anything else stated elsewhere in bidder's offer, 
data sheets etc. The implied/ indirect deviations in data sheets etc. Shall not be 
binding on the purchaser. 
 

13.0 The following documents shall be furnished by the bidder with his offer : 
 

 Compliance certificate duly signed and stamped (Enclosed at section-III). 
 Guarantee schedule duly signed and stamped (Enclosed at section-III). 

 
 GA drawings of following with empty/ filled-ups. 

 Balls Collecting Strainers (as applicable). 
 Balls recirculating Skids. 
 Other equipments considered necessary for Layout/ Civil. 

 
 Electrical Load Data (Enclosed at section-1B of Specification) 
 Schedule of Deviation (As per NIT format) 

 
The bidder to note that load requirement furnished and finalised during tender stage 
shall only be provided by BHEL and any changes or additional requirement of 
Electrical load by bidder during contract stage shall be provided by BHEL with cost 
repercussions to the bidder. 

 
NOTE: Apart from above, no other drawing/ document/ data sheet etc. shall be 

submitted along with the offer. If any drawing/ document etc. is submitted with 
the offer, same shall be considered as for ‘Reference’ purpose only and shall 
not be reviewed/ commented upon and any deviation, exclusion to scope, 
etc. taken in documents but not highlighted in the deviation schedule shall not 
be taken cognizance of. 

   
14.0 COLTCS packing procedure before dispatch 
 

The purpose of this procedure is to outline the requirements and procedures for protecting 
the equipment’s during shipment and preserving during the storage. 

14.1 Preparation for Packing:  
 After hydro testing, operation, all fluids e.g. water etc., shall be completely drained 

from all COLTCS’s parts, and the equipment blown dry. 
 All material shall be cleaned internally and externally to remove, scale, rust fillings 

and any other foreign material. 
 The COLTCS shall be placed on a strong wooden base & bolted to the wooden 

base using the foundation holes for further transportation up to site. 
14.2 Protection of parts: 

 
  BALL SEPARATOR) shall be packed in properly in high grad bubble plastic wrap 

for transportation, and long storage at site. 
 Actuators shall be packed in separate wooden box of proper sizes.  
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 COLTCS items (EXCEPT BALL SEPARATOR) shall be packed in proper sizes of 
wooden cases. High grade woods like Rubber woods, jungle wood, hard wood, 
mango wood, pine wood, etc.  is used for packing. 

 Loose material, & Electrical & Electronics items shall be packed in corrugated box 
and plastic bags with proper tagging and marking of handle with care in proper sizes 
of wooden cases 

 All finished (or) machined (External C.S. Surfaces shall be protected against 
corrosion with corrosion resisting coating, which is easily removable (Compound 
shall be such that it will remain on the surface at temperature normally encountered 
during shipping & storage). 

 All machined surfaces shall be protected from mechanical damage. All external 
unfinished carbon steel surfaces shall be sand blasted & shall be coated with rust 
preventive primer. 

 Flanged opening if any shall be covered with blank flanges sealed with blank gasket 
of natural rubber or equivalent. Butt welded opening shall be closed with temporary 
closing covers. Internal threads shall be protected with metal plug sealed with 
Teflon tape (if applicable). External thread shall be protected with PVC sleeve. 

 Wooden cases shall be covered with HDPE cloth from inside wooden box and the 
top.  All the opening in plate heat exchanger shall be closed properly by suitably 
covering to prevent    foreign material entering in plate heat exchanger. 

 All fabricated wooden cases & crates conform to the requirement as per table given 
below: 
Gross Weight 

[Kgs.] 
Board Thickness Batton / Rafter 

Thickness 
2000 to 9000 Min. 30 mm Min. 35 mm 

9000 to 18000                    Min. 50 mm  Min. 35 mm 

 
 All the equipment shall be protected for entire period of dispatch, storage and 

erection against corrosion, incidental damage due to vermin, sunlight, rain, high 
temperature, humid atmosphere, rough handling in transit and storage. All MS parts 
which are not painted shall be provided with coating of grease. 

 Clay Desiccant or such other moisture absorbing material in small cotton bags shall 
be placed and tied at various points on the equipment, wherever necessary. 

 
14.3 Preservation 

The equipment’s shall be stored under closed/open space in packed condition until 

installation. The packages containing loose plates and gaskets are to be protected from 

extreme climatic conditions. 

 

14.4 Photographs  
Bidder to take photographs of all parts like Ball separators, screen, pumps, piping, valves, 

instruments, actuators, panel (inside & outside) and sent to engineering deptt along with all 

inspection reports before final dispatch. 
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 SPECIFIC TECHNICAL REQUIREMENTS: ELECTRICAL 

1.0 EQUIPMENT & SERVICES TO BE PROVIDED BY BIDDER/ PURCHASER 

1.1 Scope for supply, and erection & commissioning of various equipment forming part of electrical 
system for this package shall be as per Annexure–I to Section – C [Scope of Work (Electrical)].  

1.2 Make of various equipment/ items in the scope of bidder shall be to approval of owner during 
detailed engineering stage without any commercial implications. 

1.3 Bidder shall furnish all AC as well as DC loads required for the system at different voltage levels 
(eg. 415V AC, 240 V AC, 220 V DC etc.) of all types, such as motor feeders, supply feeders in 
PEM format along with the offer. 

1.4 All electrical equipment shall be suitable for the power supplies, fault levels and climatic 
conditions indicated in project information enclosed with the specification. 

1.5  All drawings, data sheets, Quality Plan, calculations, test reports, test certificates, etc. shall be 
submitted during detailed engineering stage as per formats enclosed. The same shall be subject to 
approval without any commercial implications.         

2.0 In case of any discrepancy between Customer specification and BHEL standard   
specification, Customer specification shall prevail.

3.0 DOCUMENTS TO BE SUBMITTED ALONG WITH BID

3.1 Bidder shall confirm total compliance to the electrical specification without any deviation from the 
technical/ quality assurance requirements stipulated. In line with this, the bidder as technical offer 
shall furnish two signed and stamped copies of the following: 
a) A copy of this sheet “Electrical Equipment Specification for Ventilation System’ and sheet 

“Electrical Scope between BHEL and Vendor” with bidder’s signature and company stamp. 
b) List of Erection and Commissioning spares. 
c) List of Erection & Maintenance tools & tackles.
d) Electrical load requirement in the load data format. 

3.2 No technical submittal such as copies of data sheets, drawings, write-up, quality plans, type test 
certificates, technical literature, etc, is required during tender stage. Any such submission even if 
made, shall not be considered as part of offer. 

4.0 LIST OF ENCLOSURES

4.1 Electrical scope between BHEL & vendor (Annexure-I). 
4.2 Electrical Section-C 
4.3        Technical specification – Customer specification - Motors 
4.4 BHEL standard specification for LT motors : PE-SS-999-506-E101 (Section-D) 
4.5 Datasheets – A and C 
4.6        Quality Plan for motors. 
4.7 Load data format (Annexure-II). 
4.8 Cable Schedule Format(Annexure-III) 
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S.NO DETAILS SCOPE 
SUPPLY 

SCOPE E&C REMARKS 

1 415V MCC  

Starter cum control panel (if applicable) 

BHEL 

Vendor 

BHEL 

BHEL

240 V AC (supply feeder)/415 V AC (3 PHASE 4 WIRE) supply shall be 
provided by BHEL based on load data provided by vendor at contract 
stage for all equipment supplied by vendor as part of contract. Any other 
voltage level (AC/DC) required will be derived by the vendor. 

2 Local Push Button Station (for motors) BHEL BHEL Located near the motor. 
3 Power cables, control cables and screened control cables 

for
a)  both end equipment in BHEL’s scope 
b)  both end equipment in vendor’s scope 
c)  one end equipment in vendor’s scope 

     BHEL 
      Vendor 
     BHEL 

BHEL 
BHEL 
BHEL 

1. For 3.b) & c): Sizes of cables required shall be informed by vendor at 
contract stage (based on inputs provided by BHEL) in the form of cable 
listing. Finalisation of cable sizes shall be done by BHEL. Vendor shall 
provide lugs & glands accordingly. 
2. Cabling/ termination by BHEL. 

4 Junction box for control & instrumentation cable Vendor BHEL Number  of Junction Boxes shall be sufficient and positioned in the field to 
minimize local cabling ( max 10-12 mtrs) and trunk cable. 

5 Any special type of cable like compensating, co-axial, 
prefab, MICC, fibre optical etc. 

Vendor BHEL Refer scope/ C&I portion of specification for scope of fibre Optical cables if 
used between PLC/ micro processor & DCS.

6 Cable trays, accessories & cable trays supporting system BHEL BHEL 

7 Cable glands and lugs for equipment supplied by Vendor Vendor BHEL 1. Double compression Ni-Cr plated brass cable glands 
2. Solder less crimping type heavy duty copper lugs for power & control 
cables. 

8 Conduit and conduit accessories for cabling between 
equipment supplied by vendor 

Vendor BHEL  Conduits shall be medium duty, hot dip galvanised cold rolled mild steel 
rigid conduit as per IS: 9537.  

9 Lighting BHEL BHEL  
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S.NO DETAILS SCOPE 
SUPPLY 

SCOPE E&C REMARKS 

10 Equipment grounding & lightning protection BHEL  BHEL  
11 Below grade grounding  BHEL BHEL 
12 LT Motors with base plate and foundation hardware Vendor BHEL Makes shall be subject to customer/ BHEL approval at contract stage. 
13 Mandatory spares Vendor - Vendor to quote as per specification.  
14 Recommended O & M spares Vendor - As specified elsewhere in specification 
15 Any other equipment/ material/ service required for 

completeness of system based on system offered by the 
vendor (to ensure trouble free and efficient operation of 
the system). 

Vendor BHEL  

16 a) Input cable schedules (Control & Screened Control 
Cables)    

b) Cable interconnection details for above 
c)  Cable block diagram 

Vendor 

Vendor 
       Vendor 

-

-
-

Cable listing for Control and Instrumentation Cable  in enclosed excel 
format shall be submitted by vendor during detailed engineering stage. 

17 Equipment  layout drawings Vendor - For preparation of  cabling layout drawings by BHEL, vendor shall furnish 
Electrical equipment layout drawings (both in print form as well as in 
AUTOCAD) of the complete plant (including electrical area) indicating 
location and identification of all equipment requiring cabling,  

18 Electrical Equipment GA drawing Vendor - For necessary interface review. 

NOTES:
1. Make of all electrical equipment/ items supplied shall be reputed make & shall be subject to approval of BHEL/customer after award of contract. 
2. All QPs shall be subject to approval of BHEL/customer after award of contract without any commercial implication. 
3. In case the requirement of Junction Box arises on account of Power Cable size mis-match due to vendor engineering at later stage, vendor shall supply the Junction 

Box for suitable termination.  



SPECIFIC ELECTRICAL REQUIREMENT FOR COLTCS SYSTEM

SL.NO. PARAMETERS UNIT Ennore

MOTOR

1 DESIGN AMBIENT TEMP DEG. C 50

2
VOLTAGE SUPPLY AND VARIATION

VOLT
415V, + 10%

3
FREQUENCY WITH VARIATION

Hz
50, +3% to -5%

4
COMBINED VOLTAGE & FREQUENCY 
VARIATION

10%

5
MAX ACCEPTABLE RATING OF MOTOR 
AT 415 V KW

160 KW & below

6
SYSTEM FAULT LEVEL AND ITS 
DUARTION KA

50kA, 1sec

7
SUTABILITY OF TERMINAL BOX FOR 
FAULT LEVEL AND DURATION

50 KA, 0.25 sec

8
CLASS OF INSULATION & TEMP RISE 
LIMITED TO

Class-F and temp rise limited to 
Class-B

9 MIN. STARTING VOLTAGE 85%

10

MOTOR RATING FOR SINGLE PHASE 
SUPPLY

0.2 kW & Below

11
MAXIMUM LOCKED ROTOR CURRENT

% OF FLC
600% inclusive of IS tolerance.

12

ACCEPTABLE NOISE LEVEL

DB

As per IS 12065

13
TYPE OF STARTER PROVIDED IN MCC DOL

14
DOP OF ENCLOSURE IP-55 & IP-54 for outdoor & 

indoor resp.

15
SPACE HEATER REQUIREMENT

<30kW
30KW & ABOVE

16
PAINT SHADE Siemens Grey (RAL 7032)

17
SPECIAL REQUIREMENT -

18

ENERGY EFFICIENT All LV MOTORS ABOVE 10 KW 
WITH S1 DUTY SHALL BE 
COMPULSORILY OF ENERGY 
EFFICIENT LEVEL IE2 AS PER 
IS 12615:2011

2X660MW ENNORE TPP

MOTOR DATA SHEET-A
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CHAPTER – 12

MOTORS

1.00.00 DESIGN CRITERIA

1.00.01 For the purpose of design of equipments /systems, an ambient temperature of 50 °C 

and relative humidity of 85% shall be considered.  The equipment shall operate in a 

highly polluted environment. 

1.00.02 Transient voltage dip on starting of the largest motor with DOL shall be limited to 20% 

of the nominal system voltage at the voltage terminals. 

 
1.00.03 Rating

The motor rating shall be arrived at considering 15% margin over the duty point 

input or 10% over the maximum demand of the driven equipment, whichever is 

higher, considering highest system frequency. 

 
All motors shall be continuously rated (S1 duty). However, crane motors shall be 

rated for S4 duty, 40% cyclic duration factor. 

Whenever the basis for motor ratings are not specified in the corresponding 

mechanical specification sub-sections, maximum continuous motor ratings shall be at 

least 10% above the maximum load demand of the driven equipment under entire 

operating range including voltage and frequency variations. 

1.00.04  Starting Voltage requirement for all motors (except mill motors): 

1. 85 % of rated voltage for motors up to 1000 kW 

2. 80 % of rated voltage for above 1000 kW and up to 4000 kW 

3. 75 % of rated voltage for above 4000 kW 

 

For Mill Motors: 

 

1. 85 % of rated voltage for motors above 1000 kW 

2. 90 % of rated voltage for motors up to 1000 kW 

1.00.05  Canopy shall be provided for outdoor motors. 

 

1.01.00 Contractor shall provide fully compatible electrical system, equipments, accessories 

and services. 
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1.02.00 All the equipment, material and systems shall, in general, conform to the latest edition 

of relevant National and international Codes & Standards, especially the Indian 

Statutory Regulations. 

1.03.00 Voltage and frequency variations:

Frequency:    (+) 3% and (-) 5% 

Voltage : i. AC 

a. ± 6% for 11 kV/3.3 kV 

b. ±10% for 415 V 

   Combined 10 % (absolute sum) 

    

   ii. DC- +10% to -15% for 220 V DC  

   

1.04.00 All LV motors above 10 kW with S1 duty shall be compulsorily of Energy efficient 

level IE 2 as per IS 12615: 2011. 

1.05.00 The responsibility of coordination with electrical agencies and obtaining all necessary 

clearances shall be of the contractor. 

1.06.00 Type

 AC Motors: 

(a.) Squirrel cage induction motor suitable for direct-on-line starting. 

(b.) Crane duty motors shall be slip ring type induction motor 

 
DC Motors  

(a.) Shunt wound. 

1.07.00 Temperature Rise

Air cooled motors

 70°C by resistance method 

Water cooled 

80° C over inlet cooling water temperature mentioned elsewhere, by resistance 

method. 

1.08.00 Degree of Protection

Degree of protection for various enclosures shall be as follows : 

i) Indoor motors – IP 54 
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ii) Outdoor motors – IP 55 

iii) CW motors (in case of screen 

prot. Drip proof) 

– IP 23 

iv) Cable box – indoor area – IP 54 

v) Cable box – outdoor area – IP 55 

2.00.00 CODES AND STANDARDS

2.01.00 All motors shall confirm to the latest editions including all applicable amendment of 

relevant IS, IEC and CBIP standards/Publications. In case any other standard is 

followed that ensures equal or better quality, may be accepted. However the English 

version of the Standard adopted shall be submitted. 

 

2.02.00 Major Standards, which shall be followed, are listed below. Any other applicable 

Indian standards for any component part even if not covered in the list shall also be 

followed 
 

1.) Three phase induction motors  : IS:325, IEC:60034 

2.) Single phase AC motors : IS:996, IEC:60034 

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

4.) DC motors/generators : IS:4722 

5.) Degree of protection by 

enclosures for rotating electrical 

machines 

: IS: 4691 

IS: 4728 

IS: 6362 

IS: 2253 

6.) Noise levels for rotating 

electrical machines  

 Mechanical Vibrations for 

rotating electrical machines 

 IS: 12065 

 

IS: 12075 

 
3.00.00 OPERATIONAL REQUIREMENTS

3.01.00 Starting Time 

3.01.01 For motors with starting time up to 20 secs at minimum permissible voltage during 

starting, the locked rotor withstand time under hot condition at highest voltage limit 

shall be at least 2.5 secs more than starting time . 
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3.01.02 For motors with starting time more than 20 secs and up to 45 secs at minimum 

permissible voltage during starting, the locked rotor withstand time under hot 

condition at highest voltage limit shall be at least 5 secs more than starting time. 

3.01.03 For motors with starting time more than 45 secs at minimum permissible voltage 

during starting, the locked rotor withstand time under hot condition at highest voltage 

limit shall be more than starting time by at least 10% of the starting time. 

3.01.04 Speed switches mounted on the motor shaft shall be provided in cases where above 

requirements are not met. 

3.01.05 Motors shall be capable of restarting under full load after a momentary loss of voltage 

with the possibility of 150 % nominal voltage during fast bus transfer. 

3.02.00 Torque Requirements  

3.02.01 Accelerating torque at any speed with the lowest permissible starting voltage shall be 

at least 10% motor full load torque. 

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

be 275% for crane duty motors. 

4.00.00 DESIGN AND CONSTRUCTIONAL FEATURES

4.00.01 Suitable single phase space heaters shall be provided on motors rated 30 kW and 

above to maintain windings in dry condition when motor is standstill. Separate 

terminal box for space heaters & RTDs shall be provided. 

4.00.02 All motors shall be suitable for direct on line starting through any type of breaker. 

 L All motors shall be either totally enclosed fan cooled (TEFC) or totally enclosed 

tube ventilated (TETV) or Closed air circuit air cooled (CACA) type. However, motors 

rated 3000KW or above can be Closed air circuit water cooled (CACW). CW motors 

can be screen protected drip proof (SPDP) type.  Motors located in hazardous areas 

shall have flame proof enclosures conforming to IS: 2148 as detailed below 

 

(a) Fuel oil area : Group - IIB 

(b) Hydrogen generation plant 

area : 

Group - IIC 

4.00.03 Winding and Insulation 

(a) Type : Non-hygroscopic, oil resistant, flame resistant 
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(b) Starting duty : Two hot starts in succession, with motor initially 

at normal running temperature 

(c) 11 kV / 3.3 kV 

AC motors 

: Class F: with winding temperature rise limited to 

class B. They shall withstand 1.2/50 micro sec 

switching surges of 4U+5 KV (U=Line voltage in 

KV).  The coil inter-turn insulation shall be 

suitable for 0.3/3 micro sec. surge of 32 KVp 

and 12 kVp for 11 kV ad 3.3 kV system 

respectively followed by 1 min power frequency 

high voltage test of appropriate voltage on inter 

turn insulation. 

(d) 415V AC & 

220V DC 

motors  

: Class ‘F’ with temperature rise limited to class 

‘B’ 

4.00.04 Motors rated above 1000 kW shall have insulated bearings to prevent flow of shaft 

currents. 

4.00.05 Motors with heat exchangers shall have dial type thermometer with adjustable alarm 

contacts to indicate inlet and outlet primary air temperature. 

4.00.06 Noise level and vibration shall be limited within the limits prescribed in IS: 12065 & IS: 

12075 respectively. Motors shall withstand vibrations produced by driven equipment. 

4.00.07 In MV/HV motors, 12 nos. simplex or 6 nos. duplex RTDs (two per phase), each 

having D.C. resistance of 100 ohms at 0°C, embedded in the stator winding at 

locations where highest temperatures may be expected, shall be provided. The 

material of the ETD’s shall be platinum. Each bearing shall be provided with dial type 

thermometer with adjustable alarm contact and resistance type temperature detector. 

All HV motors shall be provided with shaft grounding rings for bearing protection and 

earthing shaft current. 

4.00.08 MV/HV motors shall also be capable of satisfactory operation at full load at a 

supply voltage of 80% of the rated voltage and shall be capable of either two starts 

in quick succession with third start after 5 minutes in cold condition or two starts at 

15 minutes intervals in hot condition, both cases with voltage and frequency 

variation within specified limits. 

4.00.09 Locked rotor current of the MV motors shall be limited to 600% (subject to IS 

tolerance) of the full load current of the motors and f o r  H V  motor shall be 

limited to 450% (inclusive of IS tolerance) of full load current of the motor.  
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Locked rotor current of the LV motor shall not exceed 600% of full load current 

inclusive of IS tolerance. 

4.00.10 MV Motors   shall   be provided   with   differential protection. These motors shall be 

provided with star connected stator windings.  The 3 nos. current  transformers,  one  

for  each  phase  shall  be mounted  in a separate  compartment  in the neutral 

side terminal box.   The three phases shall be connected to form the star point 

after they pass through the CTs. These differential protection CTs shall be supplied 

loose by 11/ 3.3 kV switchgear manufacturer. 

4.00.11 Motor body shall be grounded at two earthing points on opposite sides with two 

separate and distinct grounding pads complete with tapped holes, GI bolts and 

washers. 

4.00.12 HV motors can be offered with either elastimould termination or dust tight phase 

separated double walled (metallic as well as insulated barrier) cable boxes. In case 

elastimould terminations are offered, then protective cover and trifurcating sleeves 

shall also be provided.  Removable gland plates of thickness 3 mm (hot/cold rolled 

sheet steel) or 4 mm (non magnetic material for single core cables) shall be provided 

in case of cable boxes. 

4.00.13 All motors shall be so designed that maximum inrush currents and locked rotor and 

pullout torque developed by them at extreme voltage and frequency variations do not 

endanger the motor and driven equipment. 

4.00.14 The motors shall be suitable for bus transfer schemes provided on the 11 kV, 3.3 

kV/415V systems without any injurious effect on its life. 

4.00.15  All motors below 15 kW shall be provided with sealed ZZ bearings. 

4.00.16 For motors rated 1000 KW & above, neutral current transformers of PS class shall be 

provided on each phase in a separate neutral terminal box. 

4.00.17 All motors shall be provided with an emergency stop push button near the motor as 

per the Indian Statutory regulations. 

4.00.18 The motor terminal box shall be suitable for withstanding the maximum system fault 

current for a duration of at least 0.25 seconds. 

4.00.19 Neutral in case of HV motors shall be kept accessible. 
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4.00.20 Motors shall be designed to easy access for drilling holes through motor feed of 

mounting flange for installation of dowel pins after assembly of the motor and driven 

equipment. 

4.00.21 Well spacious working platforms shall be provided around the motor area for carrying 

out maintenance & testing works. Platform shall be minimum of 300 mm below the 

level of motor base plate. 

4.00.22 Flow switches shall be provided for monitoring oil flow of forced lubrication bearings, 

if used.  Alarm switch contact rating shall be minimum 0.5 A at 220 V DC and 10 A at 

230 V AC. 

4.00.23 For bearing temperature measurement, duplex RTDs shall be provided for each 

bearing and shall be wired up to the terminal box.. 

4.00.24 Lube oil pressure transmitters shall be provided to DCS for remote monitoring. Lube 

oil pressure very low trip to HV equipment shall be 2 out of 3 logic. 

4.00.25 Capillary type temperature gauge cum switch shall be provided for DE / NDE of HV 

Motors  

4.00.26 Motors with CACA/CACW heat exchangers shall have dial type thermometer with 

adjustable alarm contacts to indicate the following: 

-Hot and cold air temperatures of the closed air circuit for CACA motors. 

-Hot and cold, air and water temperatures for CACW motors. 

The Alarm switch contact rating shall be minimum 0.5 A at 220 V DC and  10 A at 230 

V AC. 

 

4.00.27 Lifting Provisions

 Motor weighing 25 kg or more shall be provided with eye bolt or other adequate 

provision for shifting. Electrical hoists shall be provided for motors above 1000 kgs for 

maintenance of the same. 

4.00.28   DC MOTORS 
 

DC motors shall be provided where specified/required. DC Motors shall be sized for 

operation with fixed resistance starting for reliability. DC motors shall be shunt wound 

type. Motors shall be capable of delivering the rated output at 220 V DC with (+) 10% 

and (-) 15% variations without exceeding its guaranteed temperature limits. 220 V DC 
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system shall be unearthed. Starting current of the DC motors shall be limited to 200% 

of the full load current of the motor, and is subject to IS tolerance. DC Motors shall be 

similar to AC Motors with respect to other features like enclosure type, cooling and 

class of insulation 

4.00.30 Painting

Motor including fan shall be painted with corrosion proof paints of colour shade 

Siemens grey (RAL 7032). 

4.00.31 Local Push Button Stations

The LPBS shall be installed near the motors to be controlled. Individual channel 

supports shall be used for each LPBS. These shall be installed as per approved 

erection detail drawing. LPBS for hazardous areas shall be CMRS certified and CCE 

approved.

All LPBS shall have necessary canopies. Wiring of LPBS shall be checked before 

giving control supply. 

5.00.00 LIST OF TESTS TO BE CONDUCTED FOR HV, MV and LV MOTORS

5.01.00 TYPE TESTS

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

(b)  Momentary overload test   

(c)  Temperature rise test at rated conditions. During heat run test, bearing temp., 

winding temp., core temp., coolant flow and its temperature shall also be 

measured. In case the temperature rise test is carried at load other than rated 

load, specific approval for the test method and procedure is required to be 

obtained. Wherever ETD's are provided, the temperature shall be measured by 

ETD's also for the record purpose.  

(d)  Surge withstand test on the sample coil after placing it in stator core at (4U + 5 

KV) and with at least five impulse of 1.2/50 micro sec. wave, for HV motors only, 

where U is the line to line voltage in kV.  

(e)  Surge-withstand test with 0.3/3 micro sec. wave on each type of 3.3/11 kV motor 

coils with at least five such impulses, followed by one minute power frequency 

high voltage test on turn to turn insulation, after cutting the coil and bringing out 
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the turns suitably. The power frequency test voltage shall be decided during 

detailed engineering. 

f) Dimensions (for motors covered by IS 1231:1974 and IS 2223:1983 only) 

g) Measurement of resistance of windings of stator and wound rotor. 

h) Reduced voltage running up test at no load (for squirrel cage motors up to 37kw 

only) 

i) Full load test to determine efficiency, power factor and slip. 

j) Insulation resistance test 

k) Test for vibration severity of motor 

l) Test for noise levels of motor 

m) Test for degree of protection by enclosure 

n) Temperature rise test at limiting values of voltage and frequency variations 

o) Over speed test 

5.02.00 ROUTINE TESTS

The following shall constitute the routine tests. 

a) Insulation resistance test 

b) Measurement of resistance of windings of stator and wound rotor. 

c) No load test 

d) Locked rotor readings of voltage, current and power input at a suitable reduced 

voltage 

e) Reduced voltage running up test ( for squirrel cage motor) 

f) Open circuit voltage ratio of stator and rotor windings (for slip ring motors); rotor; 

g) High voltage test 

6.00.00 INSPECTION AND TESTING AT SITE

6.01.01 Insulation resistance of 415V motors shall be measured between the winding of the 

machine and its frame by means of a 500/1000V megger. A minimum value of 1 mega 

ohm for 415V motors shall be considered a safe value. In case of lower I.R. Value, the 

insulation value shall be brought up by any of the following methods as desired by the 

Site Engineer: 

(a.) Blowing hot air in case of big motors. 

(b.) Putting the motor in electric oven in case of smaller motors. 

(c.) Placing heaters or lamps around and inside in case of small motors after  making   

   suitable guarding   and   covering  arrangements so as to conserve the heat. 
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6.01.02  Site Test 

 

(a.) Measurement of vibration. 

(b.) Measurement of insulation resistance and polarization index. 

(c.) Measurement of full load current. 

(d.) Test running of the motors, checking the temperature rise and identifying the hot 

spot etc. 

 

6.01.03 3.3 kV motors shall be tested for insulation by 500/1000V megger and its value should 

not be less than the safe minimum insulation of ���������	
�
�
��	�
������	���������

case the insulation is low, the following method of drying has to be adopted: 

 

a.   By locking the motor so that it cannot rotate and then applying such a low 

voltage to the stator terminals that full load current   flows in the stator, keeping 

the stator winding temperature below    90 deg. C. In this a close watch shall be 

kept for any possible overheating and I.R. Values vs. temperature shall be 

plotted and heating continued till I.R. Value becomes steady. 

 

b. By blasting hot air from external source, Maximum temperature of   winding 

while drying should be 70 deg. C to 80 deg. C. (Thermometer) or 90 deg. C. to 

95 deg. C. by resistance method.   Heating should be done slowly till steady 

temperature of winding is reached after 4 to 5 hours and for large machines after 

10 hours.  A record has to be kept for drying process, with half an   hour 

readings and, after steady temperature is reached, at an   interval of 2 hours. In 

case it is essential, the drying process can be supplemented by blower. 
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2X660 MW ENNORE STPP 

SPECIFIC TECHNICAL REQUIREMENTS (C&I) 

Specific Technical Requirements (C&I): 

�
1. All� motorised� valves� of� 200NB� or�more� than� 200NB� size� shall� be� provided�

with�integral�motorized�bypass�valves�on�all�process�lines.��
�

2. Components� of� instruments,� control� devices,� accessories,� piping� etc.�which�
contact�with�steam,�condensate�or�boiler� feed�water�shall�be�manufactured�
from� copper� free� materials� which� do� not� react� with� media� at� operating�
parameters.�
�

3. Valve�end�position�(Open�&�Close)�shall�be�monitored�for�the�manual�critical�
valves,�wherever�provided.�

�
4. All� the� instruments/drives� shall� be� terminated� on� JBs/Panels� in� field.�

JBs/Panels�shall�be�in�Bidder's�scope.�
�

5. Scope�of�Instrumentation�cables�(Screened�Control�Cables),�Fibre�Optic�cable�
&� Control� cables� shall� be� as� per� Electrical� Cable� scope�matrix� in� Electrical�
portion�of�specification.�

�
6. Bidder�shall�provide�an�unlimited�warranty�on�all�equipment�and�software�for�

three� years� after� the� start� of� the� warranty� period,� i.e.� after� satisfactory�
completion� of� initial� operations.� This� warranty� shall� include� repair,�
replacement�or� correction�of� identified� software�or�hardware�discrepancies�
at�no�cost�to�OWNER.�

�
7. All� local� gauges,� transmitters� and� switches� shall� be� mounted� on� suitable�

enclosures,�racks�subject�to�owner’s�approval.�All�transmitters�shall�be�HART�
compatible.�
�

8. Bidder�to�delegate�/depute�their�persons/experts�as�per�owner/consultants’�
requirement.�
�

9. Bidder� must� offer� general� tools� and� tackles� and� special� calibration�
instruments�required�during�start�up,�trial�run,�operation�and�maintenance�of�
the�system.�
�

10. The� above� given� scope� is� indicative�&�minimum.� Any� item/� equipment� not�
indicated�above�however�required� for� the�completeness�of� the�system� is�to�



2X660 MW ENNORE STPP 

SPECIFIC TECHNICAL REQUIREMENTS (C&I) 

be� supplied� by� bidder� without� any� technical,� commercial� and� delivery�
implication�to�BHEL.�

�
11. All�the�instruments/equipment/electrical�items�shall�be�provided�&�designed�

with� maximum� star� rating� as� available� in� line� with� energy� conservation�
policies�notified�by�BEE,�GOI�at�the�time�of�supply.�
�

12. All�approval/Inspection�are�to�be�carried�out�by�Owner�or�owner�appointed�
agency�only.�
�

13. The� make/model� of� various� instruments/items/systems� shall� be� subject� to�
approval� of� owner/purchaser� during� detailed� engineering� stage.� No�
commercial� implication� in� this� regard� shall� be� acceptable.� In� case� of� any�
conflict� and� repetition� of� clauses� in� the� specification,� the� more� stringent�
requirements�among�them�are�to�be�complied�with.�
�

14. Each�of�the�Plant�Auxiliaries�&�off�site�systems�shall�be�provided�with�
�annunciation�system.�It�shall�be�an�integral�part�of�the�control�system.�All��
the�fieldcontact�for�this�purpose�shall�be�acquired�through�control�system.��
The�annunciation�sequence/logic�shall�conform�to�ISA�sequence�ISA�2A.�The�
window�lamps�for�the�system�shall�be�driven�through�output�modules�of�the�

�������������control�system.����
�

15. The�instrumentation�to�be�provided�for�each�of�the�plant�auxiliary�&�Off�Site��
Plant�systems�shall�be�as�per�the�technical�specification�document�/�drawings�
wherever�provided�for�the�respective�systems�as�a�minimum�requirement��
for�bidding�purpose.�However,�for�completeness�of�each�of�the�plant�auxiliay�
&�Off�Site�system�and�its�associated�equipment,�Bidder�shall�also�provide�all�
�the�necessary�instruments�to�the�process�requirement�even�if�it�is�not��
specifically�indicated�in�the�given�technical�Specification�document�/drawings�

�
16. All�cables�terminated�in�the�terminal�block,�power�distribution�scheme��

instruments�shall�be�ferruled.�Ferruling�shall�be�double�cross�ferruling�(i.e.)�so
urce�and�destination�addresses�shall�be�marked�on�both�sides�of�the�tube�
�ferruling.��

17. Bidder�shall�provide�local�panel�for�local�start/�stop�monitoring�of�auxiliaries�a
nd�equipment�as�per�requirement�.The�requirement�shall�be�decided�during�
�detailed�engineering.�All�local�panel�shall�be�NEMA�4X�with�canopy.�

18. DP�instruments�with�min.�Capillary�length�of�15m�to�be�supplied�in�case�of�
installation�in�pit.�



2X660 MW ENNORE STPP 

SPECIFIC TECHNICAL REQUIREMENTS (C&I) 

19. Material�of�Instrument’s�wetted�parts,�impulse�pipes,�impulse�tubes,�erection�
hardware,�fittings,�sampling�pipes,�tubes,�fittings,�and�all�type�of�erection�
hardware�etc.�shall�be�“super�duplex�SS”�suitable�for�sea�water.�
�

20. Power�Supply�Requirement:�
415V,�3�phase�AC�power�supply�(Redundant�Feeders)�shall�be�provided�by�
Customer�for�the�local�control�panel.�Further�any�electrical�distribution�shall�
be�in�bidder’s�scope.�Any�other�voltage�requirement�to�be�arranged/derived�
by�bidder�by�providing�suitable�control�transformer.�
�

21. Number�of�pairs�to�be�selected�for�Screen�/Control�cable�(Size�:�0.5�mm2):�
a) F�Type:�2P/4P/8P/12P/24P�
b) G�Type:�4P/8P/12P�
�
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 GENERAL REQUIREMENT 

1.0 Bidder shall provide complete and independent control & instrumentation system with all 
accessories, auxiliaries and associated equipments for the safe, efficient and reliable operation of 
auxiliary systems. 

2.0 The quantity of instruments for auxiliary system shall be as per tender P &ID wherever provided 
of the respective system as a minimum, for bidding purpose. However, Bidder shall also include 
in his proposal all the instruments and devices that are needed for the completeness of the plant 
auxiliary system/ equipment supplied by the bidder, even if the same is not specifically appearing 
in the P & ID.  During detail engineering if any additional instruments are required for safe & 
reliable operation of plant, bidder shall supply the same without any price implication. 

3.0 Measuring instruments/equipment and subsystems offered by the bidder shall be from reputed 
experienced manufacturers of specified type and range of equipment, whose guaranteed and 
trouble free operation has been proven. Further all the instruments shall be of proven reliability, 
accuracy, and acceptable international standards and shall be subject to employer’s approval. All 
instrumentation equipment and accessories under this specification shall be furnished as per 
technical specification, ranges, makes/ numbers as approved by the employer’ during detail 
engineering. 

4.0 The necessary root valves, impulse piping, drain cocks, gauge-zeroing cocks, valve manifold and   
all the other accessories required for mounting/ erection of these local instruments shall be 
furnished, even if not specifically asked for, on as required basis. The contacts of equipment 
mounted instruments; sensors, switches etc for external connection including spare contacts shall 
be wired out to suitably located junction boxes.  

5.0 The customer specification attached as Specific Technical Requirement will supercede the Data 
sheets, if there is any mismatch.
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Open and Close limit switch feed backs of valves are to be connected to DDCMIS for remote 
viewing and for interlocks and protection. 

Remote and local indications of various parameters to the process requirement shall be 
provided. (The same can be decided during detailed engineering) 

The OLCs and CLCS philosophy shall be as per the chapter 4 of this volume. 

ii) CONDENSER ON LOAD TUBE CLEANING SYSTEM (COLTCS)
i) COLTCS shall be of sponge rubber ball type designed for continuous and trouble free 

operation. Provision of abrasive coated balls shall be made for cleaning in case of 
hard deposits inside tubes. 

ii) The system shall consist of non-clog type ball recirculation pump, ball injection nozzles, 
ball collecting vessel, ball monitoring system, necessary instruments, pipings and 
accessories etc. 

iii) Provision of manual and automatic back wash arrangement shall be made with 
automatic collection of balls prior to back washing. 

iv) Ball monitoring system shall include ball circulation monitor, oversize monitor and ball 
sorter. 

v) The ball collecting strainer shall have differential pressure transmitter with back- washing 
system. 

vi) Provision shall be made to prevent loss of balls under normal and abnormal 
operation including tripping of CW pumps. 

vii) The no. of balls in circulation shall be at least 10% of no. of condenser tubes. Bidder 
shall indicate no. of ball losses in 1000 hours of normal operation. The indication of no of 
balls collected shall be available in DDCMIS. 

viii)  Provision shall be made to avoid any dead zone inside water box. There shall not be 
crowding of balls at the inlet of ball collecting strainer at discharge pipe. 

II) DEBRIS FILTERS

i) Two number debris filters shall be provided on the circulating water pipelines 
upstream of the condenser for online filtering of cooling water. 

ii) Each debris filter shall comprise of perforated stainless steel screen, butterfly valves, 
turbulence flap, debris flushing valve, drain plug valve, motor actuators for the valves, 
differential pressure gauge and control and instrumentation etc. 

iii) The materials of construction of various components shall be of proven type as per  
quality of water to be handled by the debris filters. Inside surface of the debris filters 
shall be coated with anti-corrosive paint to ensure long life. 

iv) The filters shall be capable of removing solids, suspended matter and fibrous 
material up to 5 mm size. 

v) The removed debris shall be suitably disposed off. The  operation  of  the  debris  filters  
shall  be  of  automatic  type  with  facility provided for remote manual operation also. 
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vi) The maximum allowable pressure drop under clean screen condition shall be limited  to 0.5 
mwc, and under 50% choked screen condition the pressure drop shall not exceed 1.0 mwc. The 
filter shall be designed for pressure of 5 kg/cm

2 
(g) and vacuum of 0.1 kg/cm

2  
(abs). 

 
vii) Differential pressure indicators & Differential pressure Transmitters across Debris 

filter shall be provided with independent impulse & isolation valves.
 
Following Instruments/control functions shall be provided at CW debris filter in addition to 
instruments provided as per process requirement  
vii. Remote & Local indication DP transmitters & gauges across debris filters and self 

cleaning strainer. 

viii. Auto start /stop of Cleaning devices for debris filters for high DP and Low DP  
10.00.00 HP&LPDOSINGSYSTEM

HP & LP dosing complete system shall be controlled from the DDCMIS including stroke adjustment, Local 
controller for this stroke arrangement are not allowed.  Remote / local operation of all pumps and stirrer etc., 
are to be provided.  

 
The NaOH dosing system for pH correction in DMCW system shall also be controlled from the DDCMIS 
including stroke adjustment , Remote / local operation of all pumps and stirrer etc., shall be provided. 

Open and Close limit switch feed backs of valves are to be connected to DDCMIS for remote 
viewing and for interlocks and protection. 

Remote and local indications of various parameters to the process requirement shall be 
provided. ( The same can be decided during detailed engineering) 

The OLCs and CLCS philosophy shall be as per the section V of this volume. 
 
  The levels transmitters of proven type for various chemical tanks of HP/LP dosing systems. 
 
  Pressure transmitters and pressure gauges for all the dosing pumps shall be provided.  
 

Control & operation shall be from SWAS panel room in addition to CCR. 
 
11.00.00 ELECTRO-CHLORINATION SYSTEM

11.00.01 CONTROL PHILOSOPHY  

For automation of the Electro Chlorination Plant, PROGRAMMABLE LOGIC CONTROL 
system has been envisaged. The control system together with the power supplies and other 
accessories will be located within the local panel. The system shall include Binary Logic 
(interlocks, protection and sequential logic control). The control system shall be capable of 
communicating with the central control room through PLC gateway for the purpose of 
achieving functions of remote control & monitoring.  

The PLC shall be preferably from plant DDCMIS family. 



LIST OF DOCUMENTS/DELIVERABLES 



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

1 PE�V9�412�165�I901A INSTRUMENT�DATA�SHEETS� A
2 PE�V9�412�165�I902A BOQ I
3 PE�V9�412�165�I903A INSTRUMENT�QP�/�CHECK�LIST� A

1 PE�V9�412�165�I950A LOCAL�CONTROL�PANEL�DATA�SHEET� A
2 PE�V9�412�165�I951A WIRING�DIAGRAM A

3
PE�V9�412�165�I952A

PANEL�EXTERNAL�GA�DRAWING�(INCLUDING�
FOUNDATION�DETAILS�&�FLOOR�CUT�OUT) A

4 PE�V9�412�165�I953A PANEL�INTERNAL�GA�DRAWING A
5 PE�V9�412�165�I954A PANEL�FRONT�VIEW�DRAWING� A
6 PE�V9�412�165�I955A LIST�OF�HARDWIRED�SIGNAL�EXCHANGE�WITH�DD A
7 PE�V9�412�165�I956A BILL�OF�MATERIAL I
8 PE�V9�412�165�I957A LOCAL�CONTROL�PANEL�QUALITY�PLAN� A
9 PE�V9�412�165�I958A RELAY�BASED�PANEL�O�&�M�MANUAL I

C&I DELIVERABLES LIST FOR COLTCS

INSTRUMENTATION

RELAY BASED LCP
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CHAPTER-3

FIELD AND MEASURING INSTRUMENTS
 
3.00.00 FIELD & MEASURING INSTRUMENTS (PRIMARY & SECONDARY INSTRUMENTS)
 
3.01.00 GENERAL REQUIREMENTS
 
3.01.01 Instruments, control devices and other equipment accessories covered under this 

specification shall be furnished in accordance with I&C specification sheets and drawings 
enclosed herewith and the requirements of all applicable clauses of this specification. 

 
3.01.02 The instrumentation and control equipment shall conform to all applicable codes and 

standards including those referred in Cl. no. 1.08.00 in this Volume. All equipment and 
systems shall also fully comply with the design criteria stated in chapter-2 of this part. 

 
3.01.03 The instrumentation/control equipment and accessories shall   be from the latest proven 

design for which the performance   and   high   availability have been demonstrated   by   
a considerable record of successful operation in power station   service for similar 
applications.  The bidder shall furnish   sufficient evidence to fully satisfy the Owner in 
this   regard. 

 
3.01.04 For plug in type instruments, The plug & sockets shall be polarized to prevent wrong 

connections and have facility for secure coupling in plug-in position to prevent loose 
connections. 
Signal/Electrical connection shall be screwed connection with double compression type 
Nickel-plated brass cable glands for Explosion proof area, Flame proof area and high 
vibration prone area. 

 
3.01.05 Every instrument requiring power supply shall be provided with a pair of easily 

replaceable glass cartridge fuse of suitable rating.  Every instrument shall be provided 
with a grounding terminal and shall be suitably connected to the panel grounding bus. 
 

3.01.06 All field instruments shall be weatherproof, drip tight, dust tight and splash proof suitable 
for use under outdoor ambient conditions prevalent in the subject plant.  All field-mounted 
instruments shall be mounted in suitable locations where maximum accessibility for 
maintenance is achieved.  The enclosures of all electronic instruments shall conform to 
IP-65 unless otherwise specified (Explosion proof for NEC article 500, class 1, Division 1 
area & flame proof) and an anti corrosive paint shall be applied to the field mounted 
enclosures / instruments.  All the field instruments shall also be provided with SS tag 
nameplate and double compression type Nickel-plated brass cable gland. Gaskets, 
Fasteners, Counter and mating flange shall also be included wherever required with the 
field instruments. 

 
3.02.00 Following minimum requirement of field instruments shall be fulfilled by Bidder (In 

addition, Redundancy criteria for field instruments shall be as specified else where in 
specification): - 

 
i. Level switches / pressure switches / flow switches/any other process switches  

etc. for OLCS / Alarms / Interlocks / Protection. Pressure switches at inlet, outlet 
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of individual pumps and discharge header of pumps for protection and auto start / 
stop & alarms. 

 
ii. Level switches for sump/tank level high/normal/ low/very low interlocks. 

 
iii. Level Transmitters (Type as per Owner approval) for open sump/ 

tank/bunker/vessel/heaters. 
 
iv. Stand pipes on both side of tank for all level instruments (LT, LS & LG). 

 
v. Flow elements with flow transmitter & Flow meter for flow measurement of 

process medium like Steam, Water, Air, Flue Gas, Fuel oil, open channel liquid, 
solid fuel, ash flow, DM water, Raw water, Instrument and Service air etc. as 
decided by owner. 

 
vi. Pressure gauges and temp. Gauges at inlet and outlet of each heat exchanger 

and cooler. 
 
vii. DPG, DPT & DPS across the filters/strainers. 

 
viii. Tapping points/test points shall be provided. 
 
ix. All primary Instruments, hardwares & JBs etc used for measurement for HFO, 

LDO & Turbine Lube Oil system shall be flame proof (IEC-79.1, Part I). All primary 
Instruments, hardwares & JBs etc used for measurement for Hydrogen shall be 
intrinsically safe and explosion proof as per NEC article 500, class 1, Division 1 
area I. 

 
x. All Thermocouples & RTDs shall be Duplex. 
 
xi. All Field Instruments used in acid or alkaline atmosphere shall be with standard 

Anti corrosion coating i.e. the combination of Polyurethane and epoxy resin baked 
coating (ANSI/ISA-71.04). 

 
xii. All primary instruments installed at “Minus level or Floor” shall be with protection 

class of IP 68. 
 
xiii. Transmitters (all type) for monitoring & controls purpose.  
 
xiv Pull cord, belt sway, zero speed switches, emergency stop PB for conveyers, 

other limit switches, cable gland etc. of CHP which produce spark shall be 
provided with dust and flame proof enclosure conforming to IS-2148. 

 
xv Lockable Deinterlock switches shall be provided for CHP as per requirement. 
 
xvi  Bidder shall provide electronics weighing in motion system as per IS-11547, 

hermitically sealed load cell of precision strain gauge type,100% over load 
protection of cell and 250% overload protection for the construction; one calibrator 
attachment with two weighers.  
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xvii All field mounted push button, selector switch etc. shall be as per IEC or NEMA 4X 
protection.  

 
xviii All limit switch shall be conform to IEC-60947-5-1. 
 
xix At APH, temperature measuring device of different lengths forming grid shall 

be provided to have average temperature for variable flow of flue gas, secondary 
air and primary air. These temperatures may be connected to nearest remote I/O 
panel. 

 
xx. On both left and right sides of furnace, separate lines shall be laid and provided 

with furnace pressure transmitters having wide range than the furnace 
pressure transmitter.  

 
xxi. Temp. Transmitters are envisaged with RTD & Thermocouples for monitoring 

services/application only. However any RTD & Thermocouples are used for 
control, interlock & protection application, same shall be directly wired to 
DDCMIS/DCS/PLC using instrumentation & Extension cables respectively.   

 
xxii. As for the water flow/ steam flow measurements, necessary flow elements/ 

transmitters are chosen in the process line and supplied such that their 
algebric summation shall be mass balanced for calculating the system 
efficiency. 

 
xxiii. Contacts less, electronic 2-wire position transmitters shall be provided for all inching 

type motorised valve and dampers. 
 
xxiv. For CW sump level, Raw water reservoir level, Turbine oil tank, coal bunkers, Ash 

Silo, LDO/HFO tank, DM water tanks, CS tank, Acid and alkali applications, only 
non contact type level transmitters like Acoustic, Ultrasonic, Radar based shall be 
provided by bidders as specified in NIT and as approved by owner.  

 
xxv. Considering the type of application, wireless technology to bring signals to 

DDCMIS may be adopted by interfacing with OPC gateway to avoid cabling for 
smart level transmitters specified above at sr. no. xxiv. However Wireless 
technology as adopted by Bidder shall be reliable and field proven in power plants 
and same shall be approved by Owner.   

 
xxvi. For Turbine oil, HFO/LDO applications & H2 Gas application, zener protection on 

power supplies shall be included. 
 
xxvii. Where the process fluids are corrosive, viscous, solid bearing or slurry type, 

diaphragm seals shall be provided. Parts below the diaphragm shall be 
removable for cleaning. The entire volume above the diaphragm shall be 
completely filled with an inert liquid suitable for the application. For HFO, LFO 
Applications, SS capillary with thin wafer element with ANSI RF flanged ends are 
to be provided. For hazardous area, explosions proof enclosure as described in 
NEC article 500 shall be provided. 

 
FIELD INSTRUMENTS SHALL BE SUPPLIED & OFFERED AS PER DATA SHEETS SPECIFIED BELOW:
 



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"�'(�
�

�
�

)��)���� ���������	��#�����
�	�#�*��*	���������	�������	���������	����
�
)��)��(� �-,!!O-,#��3@@,-,423./��-,!!O-,#����2X+,��,Y,/�.4Z�� /0[��-.4!V322,-!����#����#����

6�����
�

�H
�����
�
H���	�
�0F��C	�	<	���0�����DJ	�
C
<<�E	�F=���
C	���
�

&<<���
�
H���	��
C
<<�E	���
�
<<	������<0
	����������C	�E0�<	��
�	
����H�<
�<D���
�
H���	��F0��
�4�
C
<<�
<
0�E	� �������	9�	J���C	���
�
H���	�
�<0�
�	������0�	�	��
�	
�0��� 4�F<00��
���
�C	
	�
C
<<�E	�H0=��	����������
�
��
�
H���	�
��
C
<<��E	�� 	S=�JJ	���G��C��H0=��������E� 
�O	�
���
=��
E<	��F0��
�H0=���������
��
�
H���	��	��<0
=�	
���
�
����	�	�
<-���
�
H���	�
�
�	�	���

�	���0�E	���0=J	��
��
	�	�
<�J<
�	
���

��0�E	��	���	��
�=������	�
�<	���	������
�
�	���)0���C�
���J=�J0
	-���
= ��
E<	�	��<0
=�	
��0HJ<	�	�G��C�
<<���
�=E���-�F������
-�J=��	�H	�	�
-�<00J��
E<	���
D
�	����
C
<<���E	�J�0���	���

�
�X+,�
04!2-O12304�����������������������������5� �	
<	���
 J
���
��	:�� ��=��
��	:�� �<��0��

�	
0�
��	��DJ	�
�.2,-3./�
�3�#0�D� � � � 5� !�	��

��&<=H��=H�G��C�	J09D��0
�����F0��
����

P�F<=	��

��
�� ���F0��0�C	��
	����	
�

3�!�
JC�
�H� � � � 5�  ������
�

3��	

=�	H	���	<	H	���� � 5� �	F<0��
	
<�
�
3�6
<�	
� � � � 5� �
�E0��
�		<�F0���0�3�0��0
��	��

&JJ<��
��0�
��
�� ���F0���0��0
��	�
JJ<��
��0�
��

�
�=�J=��
���
<� � � � 5� "��0����H�&HJ��!��1�G0�G��	
2��

$&����0HJ
��E<	��
�0�
<������
�0����������������������������� 5� ��!������
�0��1%������2�G��C�
�
<	��

0F�������=����
��	�
<<�&��=�
�D� � � 5� Q����"?�0��E	��	��0F��J
��F0���

#�4�J
�O
�	��
Q� ����%?�0 ��E	� �	�� 0F� �J
�� F0��#� ��
J
�O
�	
��
Q����?�0��E	��	��0F�
J
��F0���	H0�	�
	
<��DJ	�
��
�
H���	���

�
�=����0G���
��0� � � 5� ���5������	�	�
<��
��
E�<��D�� � � � 5� Q����%?�0F�����F0��%�D	
�
�� � �
�	
J0�
	���H	�� � � 5� �%��H
	���
�0G	��
=JJ<D� � � � 5� �"6�!���0H��
<�
!���	��
J
E�<��D� � � 5� �����CH
��0H��
<�
���<0
=�	��<


� � 5� ��3�%�1�9J<0
�0��J�00F�F0�������

�<


3�-�!���
�0����
�	
2�
�J
��
���;	�0� � 5� �0�
<<D�
��=
�
E<	-��0�3���	�
������



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"�'��
�

�
�

�
;	�0�
=JJ�	

�0��:��
	<	�
��0�� � � � 5� &��<	

�����?�0F��J
��
�

044,12304�
�
3���0�	

� � � � 5� ����$
<F�1�:�2����C�����1)2�

@=
��	��1�:"2����C�����
���� ��G��C:G��C0=��0�
<��F<
��	
�

3��<	�����
<� � � 5� �=��
E<	�F0���<=������DJ	��0��	���0��1#0�C��

��	�0F���
�
H���	�2-�=�=
	��	���D�G��C�E<�����
J<=�����

�
�11,!!0-3,!� � � � 5� �

�
3�)0��&E
0<=�	���	

=�	���
�
H���	�
5� �G0�1�2��
<�	��� ���H
��F0<���
3�)0��4
=�	�P�6
�==H� � 5� �C�		�1 2��
<�	��� ���H
��F0<��
��J�	

=�	���
�
H���	�� � � � �
3�)0��!�-�<	�	<�P�F<0G� � � 5� )��	�1%2��
<�	��� ���H
��F0<��
����
�
H���	��
3�)0��0�<�
����0��0
��	�� � 5� �	J
�
�0����
JC�
�H�
	
<
�

� � ��<�S=��
�
3�)0��
<<���
�
H���	�
� � � 5� �0=������E�
�O	��

�
�
��F0<��
C0=<���0� �E	� H0=��	��0��� C	�� �
�
H���	�-��
��F0<�� 
C
<<�E	�� 0��� ��	��
<�
�� �

�
��
<0�	��DJ	����=EE	�
:�=<

��0���
HJ�	�
�
C
<<�E	�=
	��GC	�	��C	�J�0�	

�H	��
�
�
���=�
�
E<	�F0��H	

=�	H	���
=�C�

��C	���
�C
��	�0F�
��J=HJ������	���
��	�J�0�	���0��

C
<<�E	�=
	��GC	�	��	�	


�D�����C	����0 �<���
DJC0�
�P��0��	�

�	�J0�
�
C
<<��E	��=
	 ���
F0���
�	
H���
	����	
����
�
H���	�
�
C
<<�E	�J�0���	��G��C�
=��
E<	���
���P��	���J0���
��

� �
 �� ������� ��
�
H���	�
� P�0� C	��$ &��� E

	��� �
��=H	��
�
C 
<<�E	 �
= JJ<�	��
 <0��� G��C� �� 0
��0 F�

=���	�

<��DJ	�C
���C	<�:J0��
E<	�J�	

=�	��
<�E�
�0�
���	HJ	�
�=�	���
�
H���	�
�
C
<<�E	�

=JJ<�	��
<0���G��C� ��0
��0F�C
���C	<�:J0��
E<	�H6�
0=��	��	�	�
�0�
��

�
)��)����� ��	����	�����
�	�������6�����	�	��������	����	�����
�	���������

�
&JJ<��
E<	���
��
��
������ � 5�� �� ��"�3��+��:��&3��3(���	9�	J��

��
� � � � � � H0��F�	�����
J	���
���
�DJ	:�0�
��=���0��� � � 5��� #0=��0�:�	
<	��!�
JC�
�H���
�0��� �
� � � � � � &��=
�	��J�	F	�
E<	�������
�0�
�G��C�� �
� � � � � � �0��
��
��
�	��0��
��	J�
E<	��
�.2,-3./!�������
3�#	<<0G
����������� � � 5���  ������
3�#0=��0���=E	������������� � 5��  ������
3��0�	H	���������� � � 5���  ������
3����<0=
	�� � ���� � 5��� !�	3�

��
<=H��=H�G��C�
�0�	��� �
� � � � � � 	�
H	<�E<
�O�F���
C���J09D��0
������ �
� � � � � � 
C
<<�E	�J�0���	��F0���0��0
��	�� �
� � � � � � 
�H0
JC	�	��
3���0�	����	�!�
JC�
�H� � 5� �	F<0��



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"�')�
�

�
�

�
&��=�
�D������������������ � � 5��� Q���	�1�2�J	��	���0��E	��	��
�	J	
�
E�<��D������������� � � 5��� Q���%1C
<F2�J	��	���0��E	��	��
�	������P�!�FF	�	���
<��������������� 5��� &��=
�
E<	�
�

042.12�������
3��=HE	������������������� � � 5��� !�!��:����!��
�

����������� 3��DJ	�������������������� � � 5��� &=�0��	
	��G��C����	��
<�&��=
�
E<	��

�
J�
���0��H���0�
G���C�

3��
���������������������� � � 5��� %�&HJ-��"�6�&��:�����&HJ-����6�!��
� �
�0��	���0��3���
��=H	����� � 5��� $
<F�1�:�2����C������
<	���0�	

������
�
�<	�����
<���� � 5��� �=��
E<	�F0���<=������DJ	��0��	���0���&<<��C	��


G���C	
� 
�	�� ��	��
<<D��0 ��	��	��
�� �
E�0=�C�� �0� �C	�
= �F
�	�G ��C�& HJC	�0<�
H
<	:F	H
<	��0 ��	���0���� 
E<�����		���0 ��
�	�H��
�	����
��	��C	�
G���C���
E<	�	��
�
�	�
�0�E	�
0 <��	�	��� ���0 ��	��0��
��� �0�E	 �
��
	��	��F0��	

D�H
���	�
��	����

�
3���	���
��	�J�0�	���0��� � 5��� ��	�)�F�D�1�%�2�J	��	���0F�F=<<�
�
<	�
���<0
=�	��<


� � 5� ��3�%�0��E	��	��1�9J<0
�0�:)<
H	�J�00F�F0���

�����<


3�-�!���
�0����
�	
2�
�
�11,!!0-3,!�
3� �:�%��
<�	�H
��F0<���������������� 5��� &
�
JJ<��
E<	�F0��
<<�
G���C	
�
3��	<F��<	
������DJ	������ � 5��� �=HJ�
����0HJ�	

0�����
��J=<

��0���
HJ�	�
:��=EE	����������� � ��
�C
��	�<��	
�
�1�
�	��
<��� ��2�

����������� 3��DJC0������������������� � � 5��� )0��
<<�
�	
H�<��	
�
3���0�	����	�
	J
�
������� � 5��� )0��F=	<�0�<�P��0��0
��	�<�S=���<��	
���
����
JC�
�H������������������ � � �
�0=��������������������� � � 5��� �0�
<�1������:����F0��#�4�J
�O
�	2���

�
)��)��)� ��	����	�6�����	�	��������	����	�*��*	����*�6���*��

�
&JJ<��
E<	�
�
��
��� � 5� ��5 ���3�+��-���: ��"-�&����#�"�����

� �DJ	:�0�
��=���0��
�
3'���HH��0����>�:�H�� � 5� #	<<0G
:!�
JC�
�H�

� 3&E0�	���>�:�H�� � � 5� #0=��0���=E	��
� 3��=���0��
��	�0F�J=HJ
� � 5��� �0HJ0=����
=�	�

� �.2,-3./!�
� 3�#0=��0���=E	� � � 5�  ��������
� 3�#	<<0G
���� � � � 5�  ������
� 3��0�	H	���� � � � 5���  ������
� 3��

	��� � � � 5� ��� ��:�!�	3�

��
<=H��=H�G��C�
�0�	���
� � � � � � � 	�
H	<�E<
�O� F���
C���J09D��0
������ �



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"�''�
�

�
�

� � � � � � � 
C
<<��E	��J�0���	��F0���0��0
��	�� �
� � � � � � � 
�H0
JC	�	��
� 3���0�	����	�!�
JC�
�H� � 5� �	F<0��

� �
!�
<�
�R	� � � � 5� �%�HH�G��C�
C
��	��J�00F��<


�
� �
��
<	�!	�
�<
� � � � 5� 4�
�=
��0�
����E<
�O�<��	
�0��
� � � � � � GC��	���
<-�0��GC��	���
<-��'��!	���� �

� � � � � � � J0���	���	F<	���0��
�
<	�J�0���	��G��C��
� � � � � � � �<


��0�	����H
<<	
��
�
<	�����
�0��� �
� � � � � � � 
C
<<�E	�0�	�1�2�J	��	���0F�F=<<�
�
<	���
� � � � � � � �
<=	�0��
H
<<	����0���	��
�0J�F0��
<<�� �
� � � � � � � �
=�	
��

� �
&��=�
�D� � � � 5��� Q���	�1�2�J	��	���0��E	��	�� �
�0��	���0��3���
��=H	�����0�	

� 5��� �:�����C������
<	�#0��0H�
�0=������ � � � 5��� �0�
<���
� � � � � 5� �:�����C������
<	�1#
�O�	���D2�� �

� � � � � � � H0=��	��0��<0�
<��
=�	�E0
����
���<0
=�	��<


� � 5� ��3�%�0��E	��	��1�9J<0
�0�:)<
H	�J�00F�F0���

�����<


3�-�!���
�0����
�	
2�
�
�11,!!0-3,!�
� �
3� �G
D��		�<	��
<�	:H
��F0<�
�� 5��� )0��
<<��
=�	
�
3��	<F��<	
������DJ	� � � 5��� �=HJ�
����0HJ�	

0����
�C
��	�� �

� �=<

��0���
HJ	�	�:
�=EE	��1� ��2�� <��	
�
3��DJC0�� � � � 5��� )0��
<<�
�	
H�<��	
�
3���0�	����	�
	J
�
����� � 5� )0��F=	<�0�<�
����0��0
��	�<�S=���<��	
�
�� ��� �
��C	��J
����=<
�
�
�
3��9�	��
<�;	�0�
��=
�H	���� � � 5��� )0��
<<��
=�	
�������
3��
F	�D��	���	�
�
�����
��	
�%��0����>�:�H���� � 5��� �=EE	��E<0G�0=����
��G��C��0J	��F�0����

� � � � � � � �0�
��=���0���������
����
��	
�
E0�	����>�:�H��� � 5��� �	0J�	�	�

F	�D���
JC�
�H�
���C	�� �

� � � � � � � E
�O�G��C�
0<���F�0����0�
��=���0���
�3���	���
��	�J�0�	���0��� � 5��� ��	�)�F�D�1�%�2�J	��	���0F�F=<<�
�
<	�
�������������������������������
���2>,-��,\O3-V,42!���������������������� 5��� �0�	H	���H	�C
��
H�
C
<<�E	�� �

� � � � � � � �<D�	�����F�<<	��F0��0�<�
	����	
�P��
��E�
��0��J�0�	�
�	
���������

� �
� � � � � 5� )0��)=	<�0�<�P��0��0
��	�<�S=���<��	
�� �

� � � � � � � ��
JC�
�H��DJ	�
	�
0�
��	S=��	���
� � � � � � &�H0�	���
J�<<
�D�0F������F0��)=	<�0�<��

P��0��0
��	�<�S=���
	����	���
�



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"�':�
�

�
�

� � � � � 5� �0��
����DJ	�J�	

=�	��
=�	
�
�	�� �
� � � � � � � �0��
��	J�
E<	�F0�����	�<0�O�P�� �
� � � � � � � J�0�	���0���

�
� � 5� )0���0��	�

�	�
�0�
�	��
�O��C	�J�	

=�	��

� � �
=�	�����	�H
�0F�3������HH�G��0��
=��
E<	�
�
��	�C
�����Z3./�!3],�0@�)��VV�0-�^355,-�
!3],�
C
<<�E	�J�0���	���

�
�
 �� ��"� �	�	�����	����������	���������������������������
�������������������������

�DJ	� � � � 5� ��&����DJ	��0�F��=�
E<	�F�0H��0���0<�� �
� � � � � �00H��C�0=�C�$&���J�0�0�0<�1$���� � �
� � � � � �D
�	H2��
!�
J<
D��DJ	� � � 5� �����
������DJ	�1%���������!�!�
J<
D2-�
&��=�
�D� � � 5� Q����?-�
&HE�	����	HJ	�
�=�	�	��0�� 5� ���?�J	��������C
��	�
�=�J=���� � � 5� "3����H&��!��1���G��	��
D
�	H2�$&���� �
� � � � � �0HJ
��E<	�
���
<
�F0��
�
<0�=	�� � �
� � � � � H0���0�������J=�
��0��C	���
���E=�	��� � �
� � � � � �0���0<�
D
�	H�1!!����2-�!���P��������
��0�	���0���<


� � 5� ���&�":�����0��	S=��
<	����	��		�0F�� �
� � � � � J�0�	���0��F0��	��<0
=�	2:��

1�9J<0
�0�:)<
H	�J�00F�F0�������<


3�-�!���
�0����

�	
2:�F<
H	�J�00F��
1���3'+��-��
����2��&
�
JJ<��
E<	2��

�
�	��
<�0F�
��	

0��	
�� 5� �� ����
��
E�<��D�� � � 5� Q�����?�0��Q������	����0F��	
������ � �
� � � � � 1GC��C	�	���
���	
�2�F0����D	
�
����� � �
� � � � � �

	�0F���!���J=�
�
���F0����D	
������� �
� � � � � �

	�0F��C	�H0�0=J<	
���J=�
���

�
�J	�
�����60<�
�	�� � 5� ���K�"(�6�!��
�
<�E�
��0�� � � 5�� 

�J	�������H0�0��
JC���%�F0���:��P�� �
� � � � � �=�0J	
���=��	�&<JC
�/����� (%�F0��� �
� � � � � ��!�����
�	F���8=����0���0HJ	�

��0�� 5� ��0���	��
�J
�:R	�0�
��=
�H	���� 5� �0�
<<D�
��=
�
E<	-��0�����	�
������
&=�0��
<�E�
��0�� � 5� ��0���	��
#=���0=��J�0�	���0��=J
�
<	� 5� ��0���	��
��J=��3�0=�J=���
0<
��0�� 5� ��0���	��
����=���=���0=��	�� � 5� ��0���	��
�
&�D�� �!�P �� C	�H0�0=J<	
� 
C
<<�E	��� �	��<D� G��	��� 0�! !����:!��:����F 0��H 	�
<�
�	HJ	�
�=�	�
JJ<��
��0�-�E	
�����P�G��������	HJ�
JJ<��
��0��0�<D����
�
�C	�� 	HJ	�
�=�	�� �
�
H���	��
C 
<<� 
��	J�� ����	�

<��=
< �� �J=�
� 0F�
< <�� DJ	
� 0F�
�C	�H0�0=J<	
�P���!-��3%6���J=��
���
<
�	����

�



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"�<)�
�

�
�

�� )
�<=�	�!�
��0
���
��
�� �0����	�H���
E�<��D��
�� )

���	
J0�
	��
�� ������:����&"B���0�	���0���
�� �=JJ<�	��G��C��
<�E�
��0���	���F��
�	���
�	
E<	�

�0��
��0�
<�P����	��
��0�
<�$=H����D���
��
��
��
�� �	�
0��J�0�	���0��G��C�
���	�	��F�<�	��
�� �0�
<���!�!�
J<
D�F0��!	G��0����

 �� �"�� �O412304��0
,!��

��� �DJ	��� � � 5� )<
H	�J�00F:G	
�C	��J�00F�
���� ���<0
=�	�� � 5� ��3�%:�9J<0
�0�:)<
H	���00F�

�J	��
�	
��

�<


�F��
��0����
����� �
�	��
<�� � 5� )���G��C�J�0�	����	��0
������
������ �
E<	�	���D�� � 5� #0��0H�0�����	�
�9�� �
E<	��<
��
�� � 5� !0=E<	��0HJ�	

�0���DJ	�K����O	<�J<
�	���
� � � � � E�


�G��C��6��C00�
��
9�� �0=������� � 5� ���00�:�=��00��
9��� �0��0F��	�H��
<
�� 5� &
��	S=��	��G��C�
�
��
���R
��0��G��C���?��


J
�	�0F�	
�C�
�R	�P��DJ	��
9���� �	�H��
<
� � 5� �C0	��9:.
�0�1
��	G�<	

��
�	��<
HJ��DJ	�
J������

<0
�	�2��
9����� 4�0=������� � 5�� �G0��	�H��
<
�F0��E0�D�
���
C�	<����0=����
9���� !00��� � � 5�� $���	�-�<0�O
E<	��DJ	���
9��� �=��
E<	�H0=�������<
HJ
�
���0�C	��
��	

0��	
�
C
<<�E	����
�0J	�0F�E���	���
9��� �C	�E �
�O	�
-�E0< �
-��= �
-�
� �	G
-�� <
��
-�< =�
� �	S=��	�� F0��	� 	���0��
C
<<�E	�0F �

E�


-�� ��<=�	��� ��E� ��	��
�0 J	�0 F�
= JJ<D��$ ��C�� 0<�
�	�P �� �
=<
��0��� 	
�
�
��	�
�	
��
C
<<�
<
0�E	��0��=��	����

B���� ������J<
�	��#�


�	
��C����
�=��
C
<<�E	�J�0���	��1	9�	��
<����0
�����	��
<����0�2�
9��� 4

O	��1�0�H
<23��	0J�	�	��C��O�	

�����HH�

�
 �� �" � �42,-+0!345��,/.X!�������
��������� �

�<	���0���H 
��	���� ��� DJ	���� ��
� �� G��C���H 0�=<
���	
� ��-�J< =�3������ DJ	��0 ��	���0�
-�

=��
E<	� F0���C
��	<:!��� �
�<�H0=������ � � ����
E��	�
 ��0�<� �
������"6�!�� ���
	��0F� 
�<�	��
J<
�	���C
��	�0�	���0��
��
��
�	��F0����%&�����6�!�:(�&��"��6�&���)�		�GC		<������0�	���

��0

��	<
D��0JJ	���0�<�
���
	<F��	
	���DJ	�
�
�=
���!������
�0��F<
��1	<	���0���2�
C
<<�E	�
J�0���	����
�=
<�F0�����:0�	����	�F
��<��D� �
��	S=��	����C	��	
���0<�
�	�F0���	<
D�
C
<<��0��
E	�<	

��C
��"�>6�G��C�0J	�
������	HJ	�
�=�	�F�0H�K����	������0�����	������� ��C	��	<
D�

C
<<�C
� 	�� C	��	�	 


�D�
JJ� 0�
<
� <�O	�6 ��� �F<
HH
E�<��D��< 


� ���
��0 ��
��	�G ��C�
��+"¡-��������":�������"&:!���6!���������)
��<��D��0�
��H=<
�	�����H
�=
<<D�
C
<<�E	�
J�0���	���C	�6 &�E= ��	��0 F� �	<
D
� 
C
<<�E	�
= ��
E<	�� 0� H
��C� �C	��
 J
���D�0F �0=� J=��
H0�=<	
�����	�J0
�����	<
D�P�
0�O	�
�F0��H0=�������C	����	�J0
�����	<
D�
C
<<�E	�0F�

H	�
H
O	�0�<D�������

����
)��)�''� �	
���	����
�����	����

�
�DJ	� � � � � 5� ����03J�0�	

0��E

	�-�!����
<��

�)����
J<
D��DJ	���������
3��0��0F��C
��	<
� � � 5� )0��D����C��1"(2�J0���2���



 
 
 
 
 
 
 

G. SPECIFICATION 
 

FOR 
 

                   CONTROL PANELS  
 



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"��:)�
�

�
�

� 
����	�"��
�

���	�&������
����������	��#����	�&������
��������	���#�
	7����	������	���

�
�������� ���	�������	����
�
���(���� *	�	�����	7���	�	����

&<<�!! ����:���:
�D�0� C	�� �0���0<�
D 
�	H¢
�	< 	���0���� H0�=<	
-� J0G	��
= JJ<D�
�0HJ0�	��
-� 0�C	�� �0���0<� �	���	
� 1	9�	J�� F�	<�� H0=��	�� 
	�
0�
:��
�
H���	�
2� 
���
�	S=��	�� F0���0 HJ<	�	�	

� 0F� �C	�
D 
�	H�
C 
<<� E	�C0=
	 ��� ���
 E��	�
� F=���
C	��ED �� C	�
#���	���& <<�	S=�JH	���
����	���
�	���
E��	�
� �	S=��	�� F0�� �	�H��
��0�-�H
�
C
<<����
���
J�0J	��� ��	�F
�	�G ��C��� #���	�¢
� 
D
�	H�
���
< 
0�G ��C�0� C	��
D 
�	H
�
C 
<<�
 <
0�E	 �
J�0���	��ED��C	�#���	���
�C	��
E��	��H0=��	��	S=�JH	��
�
C
<<�E	� F=<<D�


	HE<	�-� ��
�
<<	�� ���H0=�������
�O
-�
G��	��
���F=<<D��	
�	��

�J	��
J	��F��
��0���	S=��	H	��
�
����G�	��
JJ�0�	����
G���
����
�C	�H
�=F
��=�����G0�O
�0F�
�S=
<�F�	��H
�=F
��=�	��J��0���0�
C�JH	����0��C	�J�0�	���
��	��
�C	�#���	��
C
<<�	�
=�	��C
���C	��
E��	�
�
�	��0HJ<	�	�
����	
�D�F0����
�
<<
��0��E	F0�	�
��
J
��C� F�0H� H
�=F
��=����� G0�O
�� �C	� ��
�
<<
��0�� G0�O� 
�� J�0�	��� 
��	� F0�� �C	
	�
�
E��	�
� 
C0=<�� 0�<D� ���0<�	� �0��	���0�
� �C�0=�C� H=<��� J
��� �
E<	
� F�0H� H
�
C
<<����
�
E��	�
� 1GC	�	�	��J� 0���	�2�� 0�
 D
�	H�� 
E��	�
� 
���� ��	�3�
E��	�:�
E��	��� 0�
��!:���:#����
�C	��0���0<��
E��	�
�
C
<<�C0=
	�
<<��DJ	
�0F�H0�=<	
�:�C
��G
�	��0�
�C�	�	�
<<�F=����0�
�
0F�� 0���0<�� D
�	H�� ��<=�����
� ��
<��0 �����0�����H 0�=<	
-��0 ���0<<	��H 0�=<	
-�� :��
H0�=<	
-��0 HH=���
��0���0 ���0<<	�� H0�=<	
-�
 ���
< <�0� C	�� �	S=�
��	�C 
��G
�	� F0��
 �
�0HJ<	�	�
D
�	H���

�
�������� ���	�&������
����������	��������	����
�
������(� 
042-0/��,!W!�6��2>,-��O-432O-,!�
�

�=J	���
0�D��0���0<��	
O
�F0��!!�����
���0�C	��
D
�	H
�
C
<<�E	�
=JJ<�	��F0��H0=������
�C	��	S=��	��0J	�
�����
�
��0��

 �
J	��F�	��	< 
	�GC	�	�� ��� C	�
J	��F��
��0���&<
0��0���0<�
�	
O�G�<<�E	�J�0���	��F0��E
<
��	�G0�O�
�
��0�
�K� <0�
�	�� ����0HJ=�	�� �00H-�
=J	���
0��
�00H�	����&<<�F=����=�	����<=������C
��
�
��� �
E<	
�F0��J����	�
�	����
C
<<�
<
0�E	�J� 0���	��
ED��C	�E���	���
&<
0� �0���0<� �	
O� P��0 HJ<	�	� F=����=�	� G�<<�E	� J�0���	�� F0�� G0�O� 
�
��0�
� P� J����	�
� K�
<0�
�	������	
J	����	��0���0<��00H�F0��#���J
�O
�	
��
�
���=
��D�
�
��
����=
C�0�	���	�0<����-�GC		<-� ���	J	��	��<D-�
��=
�
E<	�
	
��
���E
�O�
�C
��
�G��C�J�0��
�0��F0��
��=
�H	���0F�C	��C� 
C
<<�E	�J�0���	��F0���C	�0J	�
�0��P�=�������
�C
��	�P�0�C	��J	�
0��	<�����	���
<��0���0<��00H�
�	
�P�#��¢
��0���0<��00H
-�
�H=<
�0��
�00H
-�� 0�F	�	��	� �00H-�H 		������ 00H-��0�= H	��
��0��� 00H-�
� 
FF�� 00H-�� &&@���

C	<�	�
-��&&@����00H�	�����C	
	�
C
<<�E	��	
���	��F0��
�������F0�� <0����=�
��0��
=�C�
�C
���C	
	�
�	��0HF0��
E<	�F0���C	�E
�O���C	�	9
����	�
�<
�
C
<<�E	�F��
<�
	��P�
JJ�0�	��
ED��G�	���=������	�
�<	��	������
�
�C	�
� �=
<��0
� -�J< 
�	H	���
���J �0F�<	�0 F� �C	�H 
���J< 
����0 ���0<�� 00H��	
 O�
C 
<<�E	 �
�	���	���=������C	��	�
�<	�������		������



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"��:'�
�

�
�

�
�C	��	��
���	� <
D0=��0F��	���
<��0���0<��	
O-��6��P��0�
0<	
�
�	�
C0G�� ��� �C	�!�����0��
��"3�%3���(-����%�P�������

�

042-0/�� ,!W� @0-�+- 05-.VV,-`!#�� .342,4.41,�	 4534,,-`!#�	 ��#� �,-Y,!#�� 
�6 �
Z3.540!231����!8�"�

�
�	S=��	�� �=HE	�
� 0F� �0���0<� �	
O
� F0�� 
��0HH0�
����� J�0��
HH	�¢
:H
��3�	�
��	�
	����		�¢
:��
��0
���� 	��� 
C
<<�E	�
= JJ<�	����� C	
	�
C 
<<�J� 	F	�
E<D�C
� 	�� C	�

 H	�
��H	�
�0��

��C
��0F�
=J	���
0�D��0���0<��	
O
��&<
0��	S=��	���0
��0F��0���0<��	
O�G�<<�E	�
J�0���	��F 0��G 0�O�
 �
��0�
� P�J� ���	�
� K� <0�
�	��� ��� 	
J	����	��0 ���0<� �00H� F0��# ���
J
�O
�	
��
�
�,!W!�@0-�.110VV0Z.2345�+-342,-8�

�
&�	S=
�	� �=HE	�� 0F� �
E<	:�	
O
:
�
��
� F0�� 
��0HH0�
����� J����	�
� ��� E���	�¢
� 
�0J	�

C
<<�E	�
=JJ<�	����
�C�J����	��
C
<<�E	�0��
�
	J
�
�	��
E<	�:�
�
����
�
�
�	�
C
<<�E	��
O	���0�	�
=�	�	��0�0H��
<<D�

J	��
�
0�

��0���	
�	�	��0�0H��
<<D���	
<�
G0�O�J<
�	��0�
��	�����JCD
��
<�

J	��
� 
=�C�

� 
��
�	�
�	�� ���
��J	� 
0�¢
� 
�R	�
���
�	
�C-�JCD
�0<0���
<�

J	��
�
=�C�

�<��	�0F�
��C��
���F�	<��0F���
�0��
����0������	�F
��0�
�

=�C�

��0��	���
��0��
���J	��	J�����D����9��	H	��
�	�
C
<<�E	��
O	���0��	
�����C	��	
O
�
G��C��0��	���
��<	
�
�����H	�
�0�
��

�
4<


� �0J�� 	
O� G00��0 FF�	� �
E<	�G ��C�< 0�O
E<	��� 
G	�
� 
C
<<�E	�J� 0���	��F 0��� C�	F�
������	���00H�
���
<<�0�C	��	9	�=���	��00H
����
�

�������� �O+,-Y3!0-X��.4,/��432�
042-0/��.4,/��
�
���
��� ��0�� �0� �C	��6��
����.�-�
�< �H��	��0J	�
��0�� F�0H�E
�O=J�=�� �� �0���0<�J
�	< �� 
�
	���

�	�� F0�� 	H	��	��D� 0J	�
��0�� 
��� �0� J�0���	� 

F	� 
C=�� �0G�� 0F� J<
���� �C	�� ����
�0���0<�J
�	<�
C
<<�C0=
	���0��	���0�
<��=
C3E=��0��1���#2�
�
��0�
-��0�
0<	���
	��
�1F0��
�4-��4�P�4	�	�
�0��<�O	�)���-�$�#�-��&!�-�&��!�-�&���-�&��-�!�$�-���#��	��2-�
���J��=
C�#=��0�
-��.��-�&HH	�	�
-��C
��<	

��	�0��	�
-�P�H�����%��0
��J�0��
HH
E<	�
�����
<���
J<
D�=���
� F0��#0�<	�-��=�E��	�P�4	�	�
�0�¢
�J
�
H	�	�
���C	�H0

��������
C
<<�
E	�C	
�� �	
�
�
��-� F<
H	��	�
��
��-�
	<F�	9����=�
C���-�
���
C���O
�	�F�		-��0�� �	F<	������
�DJ	��)���
C�0F�H0

��������
C
<<�E	�H 
���DJ	�G��C�0=��F<
������$
���G��	��	H	��	��D����J�
J=
CE=��0�
�
C
<<�E	�
��
��	��0��0J	�
�0��
�
��0���	
O�P����J
�
<<	<�0�������
�
������0���0<��
�	<�1���2-�
C
<<�E	�<0�
�	��
=��
E<D�����C	������
�
���
�����0���0�
E0�	-�����0
����0��
HH
E<	������
<���
J<
D�=���
��0HH0��F0��E0�C�=���
�

C0G�����0�
<��.�
C
<<�E	�J� 0���	��ED�E���	��
����FF	�	���<0�
��0�
�0F�J<
�����C	��
�
��0�
�C�
�!!��G�<<�E	�F	��F�0H�!!������C�0=�C���!�#��:���)��#���:���"(%�J�0�0�0<�
���
�0��C
���G��	����C	�Z3532�!3],�0F��C	���
J<
D�=����G�<<�E	�)���VV�@0-����0!��
�������VV�
@0-�(:��0!���C	�J<
�	H	��
:<0�
��0�
�
C
<<�E	��	���	���=������	�
�<	�������		���������
�
�0���0<�J
�	<��=H��	
O�G��C�$.�
��=���
��0��G���0G
-����#
-�&HH	�	�
-�&��=���
��0��
P��	
O��#
-�H�H��-�<
HJ
-������
�0�
-��	�0��	�
-�	����
C
<<�E	�J�0���	��

�J	��&��	9=�	�
&�K��0���0<��D
�	H��C�<0
0JCD�F0��#���J
�O
�	
���
�



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"��::�
�

�
�

1�9
��� �
	����	�P�S=
�����	
�G�<<�E	�G0�O	��0=��P�
JJ�0�	���=������	�
�<	��	����		�����ED�
0G�	�2��
�

������ � �G0�1 �2��0
� �� 	����
<�� �		<�& <H��
C
� 
C
<<�E	�J� 0���	��F 0�� O		J�����0�= H	��
� ���	
� C�
#���J
�O
�	¢
��0���0<��00H��4<


��00�
�F0��	
�C��
�O�
C
<<�E	�J� 0���	��
=�C��C
���C	�
�0�=H	��
� 
�	� ��
�E<	� F�0H� 0=�
��	�� ��R	� 0F� �C	� �
�O� 
C
<<� E	� 
=FF���	��� �0� 	

�<D� F���
�	�C���
<�H
�=
<
���C	�	9
����	�
�<
�
C
<<�E	�
JJ�0�	��ED��G�	���=������	�
�<	��	�����
�
�=��
E<	�<0�O	�
�1H�����"��0
��J	��=���2�
C
<<�E	�J�0���	������C	��00H�
��
�	����0��C	�	
�C�
�	���
<�=�� ���0 ���0<�� 00H� F0��
� 0�����0 F�J	� 
0�
<�
� ���<	
� 0F��0 ���0<�� 00H�J	� 
0��	<��
��H�<
�<D� 
=��
E<	�< 0�O	�
� 1H����(��0
� ���	
�C ��0 ���0<�� 00H2�
C 
<<�E	�J� 0���	�� ���# ���
J
�O
�	��0���0<� �00H
� F0��
� 0�����0 F�J	�
0�
<�
� ���<	
�0F��0���0<�� 00H�J	�
0��	<��& <
0-�
�	����
<�
�		<�
<H��
C
��1H����� "��0
��J	��=���2�
C
<<�E	�J� 0���	�����!0�=H	��
��0���00H�
F0��
�0�����0F��0�=H	��
���
�
6	����
<�� �		<�& <H��
C
� 
C
<<�
< 
0�E	�J� 0���	��F 0�� �C	� F0<<0G����� 00H
-�G C	�	���F ��
<�
S=
����D�H
D�E	��	���	��ED�0G�	���=������	�
�<	��	����		�����
�

�� �
���	�
��	��00H�K����0
��H����1J	������2�
E�� �����00H�K����0
��H���1�0HH0��F0��E0�C�=���2��
��� �&!���00H�K���	�1�2��0��H���1J	��=���2�
��� ��
��0������C
��	��00H�K���	�1�2��0��H���1�0HH0��F0��E0�C�=���2��
	�� ��H=<
�0���00H�K�"��0
��H����1J	������2�
�
�C��O�	

�0F�
�		<�
<H��
C�
C		��
C
<<�E	��(��
=�	
��
�
���
�����0���0�
E0�	-�&<<����=
��D���
�	�F=����=�	����<=������C
��
-��0���0<��
E<	
-��
E<	
�F0��
J����	�
� 	���� P� &<H��
C
� F0�� 
�0�
�	� 0F� �0�
=H
E<	
:�
�
<0�=	
:H
�=
<
� 
C
<<� 
<
0� E	�
J�0���	��ED��C	�E���	��

� 0���	S=��	��E

�
�
���F��
<�R	��ED�0G�	��
�D�GC	�	����J0G	��
J<
����!	�
�<
�
C
<<�E	�F��
<�
	��
���
JJ�0�	��ED��G�	���=������	�
�<	��	����		������

�
������"� �0���0<�J
�	<
�F0��
	����	�
D
�	H�<�O	���.���=HJ
�	����G�<<�E	�< 0�
�	������C	��	
J	����	��

�0���0<�� 00H�� ���
��� ��0��- 
0H	�< 0�
<�J
�	< 
� G�<<�E	�J� 0���	��� 	
��� 	
J	����	�

D
�	H:	S=�JH	���
= �C� 

� #0�<	��)		��� =HJ-� $D��0�	��
	 
<�0� <�
D 
�	H-�� <	���0
�
����
J�	��J��
�0��	����

�
���)���� �	�����������.-!>.//345�
����	���6��42,-+0!345��,/.X��.4,/��
�

�
�
C
<<���:�	�H��
��0���
E��	�
�F0���C	��0���0<�
D
�	H�
C
<<�E	�
=JJ<�	��F0���	�H��
�����

<<��
E<	
�0�����
����� F�0H�� C	� F�	<�-����:�.4��0� �
�D �0� C	��
0=��	�0 F�
� ��
<�
��� F0��
��
���E=������C	�
���
<
��0���FF	�	���F=����0�
<�J
�	<
-�����:�.4��
����0���0<��=E��<	
��

�
���0H���� �
E<	
� F�0H� �C	� F�	<�-� ���:�.4�� 0�� 
�D� 0�C	�� 
0=��	� 0F� 
���
<� 
C
<<� E	�
�	�H��
�	�����
=��
E<	��	�H��
<�E<0�O
����<0���
<�
	S=	��	��

�
��	F
E���
�	���
E<	
�G��C�J<=������0��	��0�
�
��E0�C�	��
�
C
<<�E	�=
	��F0��	9�	�������C	�

���
<
� �0� �C	� F=����0�
<�J
�	< 
��� 
��C����J< =�� 
0�O	�
� 
C
<<�E	�J �0���	��� ��� C	�
�	�H��
��0���
E��	�
�F0���	�H��
������C	�J<=�
��
�



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"��:��
�

�
�

���	�J0
�����	<
D�J
�	<
�F0���C	�
D
�	H�
C
<<�E	�
=JJ<�	��F0��H0=���������	�J0
�����	<
D
�
P�� 	�H��
�����
< <��
E<	
�0�����
����� F�0H�� C	�!���
 ��
� ����

	�0 F�
0 <	�0��� �
<�	
-� 
���
0�C	���	S=��	��
	����	
�	��������J
�	<
�
C
<<�E	�J<
�	���������
���������

� �
���	�J0
�����	<
D�
C
<<�E	�H0=��	������	
J	����	��.4�:���:���	��
<�
�
��	���	S=��	��
F0�� �0HH
��
� 
���
<
� 0F� $�:��� =�����	���0�
<� ����	
� 
��� E����	���0�
<� ����	
-�
E�	
O	�
-��
0<
�0�
�P�E=
��0=J<	�
�	���F�0H�!!����:!��:����0��
�D��0���0<�
D
�	H���

�
�	�H��
<�E<0�O
�
C
<<�E	�<0�
�	����
��	��C	��
E��	�
�0��
=JJ0���G���
�F
E���
�	��0F�H	�
<�
J<
�	
��

�
�C	�J<=��
0�O	��
C
<<�E	�H0=��	��0��C���	��J<
�	
��0�J�0���	�
��
��	

��0��C	��	
��J��
�
0F��C	�J<=�
��

�
4	�	�
<� F	
�=�	
� 0F�� 	�H��
��0���
 E��	�
� 
���
��	

0��	
� 
C
<<��0 �F0�H�� 0� �C	�� 	�	�
<�
�	
����
����0 �
��=���0��
J	��F��
��0��0 F�J
�	<
���	�H��
<�E<0�O
�
C
<<�E	�� 
�<�H0=��	��
�	�H��
<�E<0�O
�1���	G�<	

��
�	��<
HJ��DJ	2�G��C�H
�O	�
��
�

���'���� 
������
�������� 	����	���� �� ��	��#�
 �����	�#� 
��������	 ��#�

���
�	��6�	�
�����	��

�
&<<�J
�	 <
-��= E��<	
-��0 �
0<	
-�� �6�J
�	< 
� 
���	��< 0
=�	
� F=���
C	��

� J	��� C�
�

J	��F��
��0��
C
<<�E	�0F�F�		�
�
�������DJ	�
���
C
<<�E	��0�
��=��	��0F�
J	��F�	���
=�	�0F�

�		<�J<
�	
��� �C	�J
�	< �
C		�� �C��O�	

�
C
<<�E	��0� �<	

� �C
���� HH�=�<	

�0�C	�G�
	�

J	��F�	��C	�	����
�
�C	�J
�	<
-��0�
0<	
:�	
O
�
C
<<�E	�� 	��F0��	��

��	S=��	���0�	�
=�	���=	�
=�F
�	
�
���

�	S=
�	�
= JJ0��� F0��� �
��=H	��
� H0=��	��� C	�	0��� �& <<�� �
��=H	����= �0=�
-�H 0=������

�=�
-�
���
=JJ0���E�
�O	�
�
C
<<�E	�
��=�
�	<D�<0�
�	����&<<�G	<�
�0���C	�	9J0
	��J
�	<�

=�F
�	
� 
C
<<�E	� ��0=��� 
H00�C�� � )���
C	�� J
�	<� 
=�F
�	
� 
C
<<� E	�F �		�F �0H� G
�	
-�
E	<<�	
-�0��0�C	���HJ	�F	���0�
�����<	

�
J	��F�	�-�0�C	�G�
	-�J
�	<��00�
�
C
<<�E	�"�J0���
�
C���	�� 
��� 
C
<<� C
�	� �=��	�� E
�O� 	��	
� 
��� 
�����0�
<� E�
����� GC	�	� �	S=��	�� �0�
	�
=�	��������D���!00��C���	
�
C
<<�E	�0F��C	��0��	
<	���DJ	���!00��<
��C	
�
C
<<�E	�0F��C	�
�C�		3J0���� �DJ	�� 0�	�
=�	�� ��C���< 0
����� �!00��<0�O
� 
C
<<�E	� F=���
C	��GC��C�G �<<�
< <0G�

��=
��0��0 F�
< <�< 0�O
� ED�
�
� ��<	�H 

�	�� O	D�� &<<�J
�	< 
� 
C
<<�C
� 	�� 	H0�
E<	�< �F�����
	D	E0<�
�F0��

F	�<�F�����F�0H��0J��=�����
�0�
�	�
�����
�
<<
��0��C
��<�����
�
�
E��	���00�
�
C
<<�E	�C ���	��
��� 
C
<<�C
�	��=��	��E
�O�	��	
�
���
� ����0�
<�E�
O����
GC	�	��	S=��	��	�
=������������D��$���	
�
C
<<�E	�0F��0��	
<	���DJ	��!00��<
��C	
�
C
<<�E	�
0F��C�		:F0=�3J0�����DJ	��0�


=�	����C���<0
�����!	�
�C
E<	�<�F�����	D	
�0��
��<	
�
C
<<�E	�
F=���
C	��
���C	��0J�0F�	
�C�
	J
�
�	<D�
C�JJ	��
	���0��
���
<<��	�	


�D�J�0��
�0�
�
C
<<�
E	�H
�	��0� F
��<��
�	�C
��< ����G ��C0=���
H
�	��)�0���
���� 	
���00�
�
C
<<�E	�J� 0���	��
G��C�<0�O����
��
��	H	��
�G��C�
�H

�	��O	D�F0��
<<��
E��	�
���F�G���C�0F�
��
E��	���
�	S=
<�
0��H0�	��C
��(���HH-��0=E<	��00�
�
C
<<�E	�J�0���	���

&<<�J
�	< 
�
C 
<<�E	 �H 0=��	��0��� �E�
��0���
H J	�
-�G C��C�
� 	�
	 �=�	��� 0��C 
��	<
�
H0=��	��0�� �C	� F<00���� �C	��C 
��	<
� 
C
<<�E	� F�	<�� G	<�	��� 0�
� 		<�J< 
�	
� 
	��� ��0�� C	�
�0���	�	�F<00��������C	�
�		<�J<
�	
�
C
<<�E	�<0�
�	��
=�C�

��0�
JJ�09�H
�	��C	�0=�<��	�0F�
J
�	<� E

	
�� � �C	� 	9
��� H0=������ �	�
�<
� 
C
<<� E	� 

� 
JJ�0�	��ED� �C	� 0G�	�� �=�����
�	�
�<	��	����		�����
�
�	�� �&<<�J
�	<
�
C
<<�E	�J�0���	��G��C�
�	S=
�	��	���<
��0��
���
J
�O
������	�
��D�0F ��0HJ0�	��
�
C
<<�E	��	
�����	��
0�

� �0� <�H��� �C	��	HJ	�
�=�	���
	�



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"��:<�
�

�
�


E0�	�
H E�	���� 0���� �� =��	��� C	�G 0�
�� �0�����0�
���& <<�J
�	< 
� 
C
<<�C
� 	�
=� 0�0�: 0FF�

G���C�F 0���� �	��
<�<�� C������ &<<�� C	�J0G 	��
= JJ<D��� ��=��� F0�� �0���0<�J
 �	<
� 
C
<<�E	�
J�0���	��G��C�
=�0��C
��	0�	������=���D���
�����
���	
�C�J
�	<� :�
E��	�-�
��"�6!��60<�H	�	�������
<� �DJ	�
C
<<�E	�J�0���	�� �0��C	�O� �C	�
)�	<�����	��0�
��0���0<�
�	��
�

� �9C
=
��)
�
�G��C�<0=�	�
�P�F�<�	�
�
C
<<�E	�J�0���	��0���00�¢
�1F�0���P��	
�2�=JJ	��
��	��0�
�	H0�	�C0��
������
<<��0�
0<	
-��0���0<��	
O�
���J
�	<
���

)��	:�H0O	��	�	��0�
�
C
<<�E	�J� 0���	����
��	��C	��0���0<��00H�H0=��	��
D
�	H:�0���0<�
�
E��	�
��

���-��"�6� !��P��0�����¢
�)		�	��F
�<=�	:�C	
<�CD������
��0��
C
<<�E	�J �0���	�����	
�C�
�
E��	��P��	H0�	������
��0��
C
<<�E	�C00O	��=J��0�!!����:����:
��=���
��0��P�
=��
E<D�
��0=J	���

� �
&<<��C	�J
�	<
�
C
<<�E	�	S=�JJ	��G��C�&������E�
��0��J
�� 0F�H�����%� HH�
�R	���
E<	��<
���
J<
�	��C��O�	

�
C
<<�E	� �HH���
�
!00�
�
C
<<�E	�J�0���	��G��C��	0J�	�	:J0<D=�	�C	�	��

O	��0�<D��
�

� � &<<��C	��
E<	�	����	
�
C
<<�E	�
���C	�E0��0H�0F�	<	���0�����=E��<	
:�0���0<�J
�	<
���
�
��0�	���0���<


�0F�J
�	<
�
C
<<�E	�

�
J	��F�	��
��60<��6-��C
J�	������

�
���'��(� �+,-.20-�
042-0/��,!W�
�
���"������� � ������-��J	�
�0��G0�O�
�
��0���0�
0<	
:�	
O�
C
<<�E	�0F���
���	��0J�0F��=��	���
�=�	�G��C�

J0G�	���0
�	�� F�
H	���.���0�
0<	
�
C
<<�E	�J�0���	��G��C� �C	� F
��<��D� F0�� <0�
����� �C	�
���-��0�=H	���	���G��C�
<<��	S=��	��=��<���	
��

� �
� � � ���������C
��	��	
O:�0�
0<	
�
C
<<�E	�0F���
���	��0J�0F��=��	���
�=�	�G��C�J0G�	���0
�	��

F�
H	����.���0�
0<	
�
C
<<�E	�J�0���	��G��C��C	�F
��<��D�F0��<0�
������C	����-��0�=H	���
	���G��C�
<<��	S=��	��=��<���	
��

� �
� � � ��
��0�� ��� �C
��	� �	
O:�0�
0<	
� 
C
<<� E	�0F � ��
���	� �0J� 0F� �=��	�� �
�=�	� G��C�J0 G�	��

�0
�	�� F�
H	�� �.�� �0�
0<	
� 
C
<<� E	� J�0���	�� G��C� �C	� F
��<��D� F0�� <0�
����� �C	� ���-�
�0�=H	���	���G��C�
<<��	S=��	��=��<���	
��

� � � ��
���"������� � �����		��G 0�O�
 �
��0�� 
���
< <�0� C	���0 �
0<	
:�	
O�
C 
<<�E	�	� �0�0H��
<<D��	
� ��	��

���=
���
<���
�	��DJ	�G��C�
G��	<��C
��
�F0��=
	�
���C	��
��0=
���0��
HH����
�
��0�
�
���

<<�0� C	��J< 
���< 0�
��0�
��& <<�� C	�	 S=�JH	���< �O	�� �0��
HH	�
� 
�
��0�
-�� �*
-�� 
��0=
�
J	��JC	�
<
�P�
�H�<
���	���	
�
C
<<�E	��0HJ<	�	�G��C��	
O
�
����C	D�
C
<<�E	�0F����=
���
<�
��
�	�
�
��
�
���0�C	��H0=������
��	

0��	
�
����C	�

H	�
C
<<�E	��0HJ<	�	<D�	�	��	��
P��0HH�

�0�	��ED��C	�E���	���!	�
�<
�F0��0�C	��0J	�
�����
���	� ���	�����
�
��0�
�
C
<<�
E	�

�E	<0G5�

�
��� �J	�
�0���0���0<��	
O�
C
<<�E	�F�		�
�
�������
E<	��0J��DJ	�G��C��00�
�
���C	�E
�O�


���
C 
<<�E	��0 �
��=��	��0 F� � HH�� C��O� ���&�
� 		<�J< 
�	
�� �� ��
C 
<<�C
� 	�
�0��	
<	�� �
E<	� P� G��	� G
D� H
�
�	H	��� 
D
�	H�� � �C	�� 0J�
= �F
�	� 0F� �0���0<�



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"��:=�
�

�
�

�	
O�
C 
<<�E	� �H H� �C��O�G ��C�� C	�� 0J���H H�0 F�
�� D<��� 
0<���
= �F
�	� 
���� C	�
�	H
������ �(HH� 0F� <
H��
�	�� H	��=H� �	�
��D� F�E�	� E0
���� � �0���0<� �	
O� 
C
<<�
�0�
�
��0 F�� 	����
<-�C0� �R0��
<�
���E

	 �
= JJ0��
� G��C�� C	����0 �	����
� F0��G 0�O�

=�F
�	-�O	DE0
�����
D
-��0=
	�J
�
-��0���0��
C	<F�
����0��	
<	���
E<	�
���G��	�
G
D�H 
�
�	H	��-�J	� F0�
�	��� �
D
� G��C��0 �	�
� ���E0� C�C0� �R0��
<� P�� 	����
<�
���	���0�
��

�
33�� �0�
�C�	�	��=�
E<	�P�G
�	�� �	
�
�
��� F���
C-�
�
C		��0F� £J<

�����6��H	HE�
�	¤�

0��� C	�
= �F
�	�0 F��0���0<��	
O 
� 
C
<<�E	�J� 0���	���)��
<�J
����F ���
C�G ��C�J� 0J	��

H00�C	����� �
� �0�E	�	�
=�	���)��
<� F���
C�0F��!�
C0=<��E	� ��� <��	�G��C� �	<	�
���
���	��
��0�
<�
�
��
��
��)0��H0�	��=�
E�<��D-� �C	�H	HE�
�	�
C		��0F� �C	��0���0<�
�	
O�
C0=<��	9�	�������HH�H0�	� ���0� �C	�=��	�
��	�0F� �C	��	
O���C	��
E<���� :�
G������E	� G		��� .��P �� ��¢
-�J0G 	��
= JJ<D�� 
E<	
� 	����
C 
<<�E	�
	
 �C	���
<<D�
�0=�	��
����0��	
<	��F�0H���	G��

�
����� &<<��C	��0���0<��	
O�
C
<<�E	�	S =�JJ	��G��C�&������E�
��0��J
��0F �H�����%�H H�
�R	��

�
E<	��<
���J<
�	��C��O�	

�
C
<<�E	� �HH���
�
���� !00�
�
C
<<�E	�J�0���	��G��C��	0J�	�	:J0<D=�	�C	�	��

O	��0�<D��

�
���:���� �����
	���	��������������������*�
�

&<<�J
�	<�	9�	��0��
�		<�
=�F
�	
�
C
<<�E	���0=���
H00�C-�
���J
���	��

�
J	��F�	��E	<0G5�
�
�=��
E<	�F �<<	��
C
<<�E	�
JJ< �	���0�
<<�J��
-�E<	H�
C	
�
����0��
�����C	�
=�F
�	
����C	�F�<<	��

C
<<�E	�

���E<

�	��
0��C
��
=�F
�	
�
�	� <	�	<�
��� F<
�-��0��	�
�
�	�
H00�C�
���	�	����
�9J0
	���
G�H	�
<�	��	
�
C
<<�E	���0=���E=���F�		�� ��C	�	����	�J
�	<�
=�F
�	�
C
<<�E	�


��� E<

�	�� �0� �	H0�	� �=
�� 
��� 
�
<	� 
��� 
<<� 0�C	�� �	
��=	� �=	� �0� �C	� F
E���
��0��
0J	�
��0��� ���<���	

	�
���

<�
�	����
C
<<�E	��	H0�	��F�0H��C	�J
�	<
�ED�0�	�0��H0�	�

0<�	����<	
�����H	�C0�
��&<�	��
���	<D�'��
�O�J�0�	

�
C
<<�E	�F0<<0G	���
�
�G0�
J�
D��0
�
�0F���C�E����	�	J09D�J� �H	��K�
=�F
�	�
C
<<�E	�
JJ< �	���0�
<<�	9�	��0��
���
���	��0��
=�F
�	
-�	
�C��0
��0F�J��H	��
=�F
�	��
C
<<�E	�0F ���D�F�<H��C��O�	

�0F���%�H�<���&�
H���H=H�0F��G0�
J�
D��0
�
�0F�F��
<�F���
C��0<0=��1�
�
<D
	��	J09D�F���
C2�
C
<<�E	�
JJ<�	��
�0�
< <�
= �F
�	
� 0F�� �D�F �<H�� C��O�	

� ���� H�<�� �C	� F���
C��0 <0=�
� F0��	9 �	��0��
���� ��	��0��

=�F
�	
�
C
<<��0�F0�H��0��C	�F0<<0G����
C
�	
5�
�

2���9�	��0��3� �&��'� �:�&��'� %��
�
E2�����	��0��3���� 4<0

D�GC��	��G0��0
�
:�&��'� %�G��C�F��	��	
�
�
���J
����
�
��	�=��F0�H��0<0=��
C
�	�

�F��
<�R	��
C
<<�E	�
JJ<��
E<	�F0���0HJ<	�	�J<
����
�
�
����F �<H
-�G C��C�
C 0G�

 �
-��C 	�O
-�E< �
�	�
� �	
���0J
-� F
��	�� 	
� 0��0� C	��J
� ������
�HJ	�F	���0�
-�
C 
<<��0� � E	�
��	 J�
E<	�
���� F�
 �D�
= �C��	F 	��
� 
JJ	
�-�� C	D�
C 
<<�E	�
�	J
��	��ED�
���
���C	�	9J	�
	
�0F��C	�#���	���
�

�������� ���	�������*�
�
���	��0��	������G ������
 C
<<�E	�J� 0���	��E	� G		��
< <�	< 	�����
<��	� ��	
� H0=��	��� �� �C	�
J
�	<
-�
���E	�G		���C	��	���	
�
����	�H��
<�E<0�O
��F��C	��	���	
�
�	��0�E	��0��	��	��



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"��:;�
�

�
�

�0�	S=�JH	���0=�
��	��C	�J
�	<
�ED��
E<����
����C�0=�C�J�	3F
E���
�	��J<=������
E<	
��&<<�

<
�H��0��
��
� <0�
�	��G��C���
�J
�	<�
C
<<�E	�G��	�� �0� �	�H��
<�E<0�O
�� ��C	�H0�0=J<	�

���0�C	��
J	��
<�����=��
�
C
<<�E	�F �	<��G��	
����	����0���
��=H	����	�H��
<�E<0�O
�G��C0=��
�C	�=
	�0F�J
�	<�G�������
�
&<<��0���0<�
�����
��=H	���G������=
	��G��C����C	�J
�	<
�
C
<<��0�F��H��0�����
������&�

�
��
��
� 
��� 
C
<<� E	� F
��0�D� ��
�
<<	�� 
��� �	
�	�� 
�� �C	� G0�O
� 0F� 
� S=
<�F�	��
H
�=F
��=�	����& <<�� ��	��0��G ������
C 
<<�E	�� �
�
<<	���	
� <D� 
����
 �	F=<<D-�
���
C 
<<�E	 �
�	�H��
�	��
 ��
= ��
E<	� �	�H��
<�E< 0�O
���� =FF���	����< 	
�
��	�
C 
<<�E	� J�0���	��F 0��
< <�
�0���0<�
�� �� �
��=H	��
��0��< 	
�
-�
�� �
< <�� ��0H����
���0= ��0����< 	
�
� 
C
<<�E	�
�0��	��	���0��	�H��
<�E<0�O
�
=��
E<D�<0�
�	��F0���0��	������	9�	��
<�����=��
����
�
&<<� J
�	<� G������ 
C
<<� C
�	� 
JJ�0J��
�	� F	��=<���� F0�� �<	
�� ��	���F��
��0��� � ���	��0�� G������

C
<<�E	�
0�
��
��	���C
���C	�	9�	��
<��0��	���0�
��
��E	� H
�	�G��C�0�<D�0�	�G��	�J	��
�	�H��
<� J0����� � &�D� �0HH0�� �0��	���0�
� 
C
<<� E	� H
�	� ���	��
<� 
��	� 0F� �C	� �	�H��
<�
E<0�O
����0HH0���0��	���0�
�
C
<<�E	�<�H��	���0��G0�G��	
�J	���	�H��
<�����
��=H	��
��0��
�
E<	�
C�	<��G��	
�
C
<<�E	��0��	��	�� �0�
	J
�
�	� �	�H��
<�
�� �C	� �	�H��
<�E<0�O������
<�
����=���
C�	<�
�
C
<<�E	���0=��	��
	J
�
�	<D���
�
&<<� ���	��
<� G������ 1	9�	J�� <0G� <	�	<� ��
��=H	��� G�����2� 
C
<<� E	� �
��0�
<� �<	������ �0�	�
�DJ	�� ��-�� 0<DH	����:�<

�0H	���� ��
=<
�	�-�� ���	���0 JJ	��
 ��
��	���0 ��=��0�-�

G���CE0
���G��	-�0��0G�	��
JJ�0�	��	S=
<��
�
�
�	<� G������
C 
<<�C
 �	� 
�F <
H	�� 	
�
�
���� �
=<
��0�� G��C�
�	S =
�	<D�
 �R	���%�: �����6 �
��
�	�����	���0JJ	��
��
��	���0��=��0��E

	��0���=��	����
��D�����
J
����	
�

�	���F0��C�
ED��C	��
��0�
<��<	�������0�	��
�
.��	�
�R	
�
C
<<�E	�

�
J	��F�	��C	�	���
���
=��
E<	�F0�����	��	��
JJ<��
��0�
��
�
.������� 0��00� �H0=��	���	�� �	
� 
C
<<�E	�J� 0���	�� G��C�1 "+�
� �
���H ���H=H2�
�	S =
�	�
<00J�<	���C
�0F�C���	�G��	�
0��C
��H=<��J<	��00��0J	����
�G�<<��0���
=
	�F
���=	�E�
O����0F�
�C	��0��=��0���
�
.������
C
<<�E	�
��
��	���0�	�
E<	���
��=H	��
�0���	���	
��0�E	��	H0�	��
��:0��
	����	��
G��C0=��=��=<D���
�=�E�����C	�G���������0�G��	�
C
<<�E	��0=�	����0

��C	�F
�	�0���	
��0F�
�D�
�	���	����
�H
��	�-�GC��C�G�<<��HJ	�	��C	�0J	�����0F��0�	�
�0��0E
��=���
��	

��0�<	
�
-�
�	�H��
<
�0���	���	
��
�
�
�	<�G��	
�
C
<<�E	���	���F�	��G��C�G��	��=HE	��
���	
�C��	�H��
��0��ED�H	
�
�0F�&���0��
��
F�� J�0�=��
� 
J<��� 
<		�	� 0�� #0��	�� �C	H��
<� �0�� ���	<�E<	� �=E���� H
�O	�
� 0�� 0G�	��

JJ�0�	��	S=
<����0��	���0�
�
���H0��F��
��0�
�0F�
<<�J
�	<�G������
C
<<�E	�# ���	�¢
�
0<	�
�	
J0�
�E�<��D��&�D��0��	���0�
:H0��F��
��0�
��	S=��	��
��
��	�F0��
=��	

F=<��0HH�

�0�����

C
<<�E	��0�	�ED ��C	�#���	��G��C0=��
�D�
�����0�
<��0
�
�� ��	�H��
<� <=�
�F=���
C	��H=
��
E	�0F��C	��0HJ�	

�0�-���
=<
�	��
<		�	-�C
<F�������0��=	��DJ	����J	�3	��	���	�H��
<�<=�
�
G�<<��0��E	�
��	J�	����.��	
�
C
<<��0��E	�<00J	��
�0=����C	��	�H��
<�
��	G
�0��
�=�
��
�
.��	
�
C
<<��0��E	��
JJ	��0��
J<��	��E	�G		���	�H��
<�J0���
��
�
�
�	<
-��
E��	�
-��0�
0<	
:�	
O
�G�<<�E	�J�0���	��G��C��	H0�
E<	-��

O	�	���
E<	��<
���
J<
�	
�
����
E<	��<
��
-�F0��
<<�F<00��
<0�
�=
	��F0���
E<	�	���
��	���� J<����DJ	���0HH	�
�

C
<<�E	�=
	��F0��J�	F
E��
E<	
��



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"�����
�

�
�

�
���	��
<�G���������F
��0�D�J�	G��	��	<	���0����
D
�	H
��
E��	�
�H
D�E	���
�
<<	��
��0������
�0��C	�#���	�¢
�
�
��
���

��0�G��	�
�R	-���
=<
��0�-�
���H	�C0��0F��	�H��
��0��0�����	��
<�
	S=�JH	���	9�	J�� �C
�� ��
=<
��0�� F0��
<<�G������J0G	��
=JJ<D�G�����-�
��� ���	��0��	������
�
E<	
�E	�G		���	���	
�
C
<<�J


��C	�F0<<0G�����	
�
��

�

2� )<
HH
E�<��D��	
������� ( :�+'"�
E2� .C	��� 	
�	��=��	��� ������ 	
��H	�C0��0� �&�����(+ : ''�< ��C��� �
�
H���
��	�0F�

(�?�
�2� .C	��� 	
�	��=� �	�� ����'%" 3�� H
9�H=H�
�� �� �

� �	�	�
��0��
C 
<<�E	��? �ED �

G	��C��
�2� �9D�	�����	9��0��<	

��C
�� ��

�J	��&����!��(� ��
�
&<<�� 	�H��
��0�
� F0��� ���
�J
�	< �G ������� ��	��J
� 	<��
 E<����
��� �0��	������ �C	�# ���	�
�
J
�	<
-� �#� 
�
��0�
-� �0���0<� 
�
��0�
� 	���� 
C
<<� E	� G��C� �
�	� �<
HJ� ���	G	�� <	

�
�0��	���0�
���� 0<�	�	���0��	���0�
�
�	��0��
��	J�
E<	���& <<�F �	<��
��	�0��	9 �	��
<���J=��
�0��	���0�
�
C
<<�
<
0�J�	F	�
E<D�0F��
�	��<
HJ:�J������<
HJ:����	G	��<	

��0��	���0���
�
�0��=��0���<
HJ����
C
<<�
<
0��0�F��H��0���
��
�������K���+"'3��P����3��+"'3'3���
�
��	���F��
��0�� 0F� �0��=��0�
� H
D� E	� �0�	� ED� ��
=<
��0�� �0<0=�� �0����� ��	���F�	�� 0��
��
G���
�0��ED�J����	��G������<�
�
����	�H��
<�E<0�O
�F0���0��	���0��0F�	9�	��
<�����=��
����
�0� F
��0�D�J� 	G��	��	< 	���0���� 
D
�	H��
 E��	�
�
C 
<<�H 		��
< <�� C	�� 	S=��	H	��
� 

�
�	
���E	��	<
	GC	�	�����C	�
J	��F��
��0����)0��
<<�H=<���0�	��
E<	
-��C	�0=�	��
C	
�C�
C
<<�


��
FD�� C	�J� 0J	���	
� ��	���F�	��
E0�	���$ 0G	�	�-� F0��J
�	< �G �����-�� C	�G������� �
=<
��0��

C
<<�
< 
0�

 ��
FD�� C	�J �0J	���	
� ��	���F�	��
E0� 	�� �C	�� ��	��
<�G ������
 C
<<�E	��0�	�� ��
�0<0=�	��G�������

�
������(� )0<<0G����.��	�
�R	�
C
<<�E	�=��<�R	��F0�����	��
<�G�����5�
�
� � 
�� �=��	���1"3���H&2� � 5� � ��'%�
S�HH�
� � � �0G��0<�
�	�
���
<
� � 5� � � � � � �
� � � 1&�:&��P�!��
���
<
2�
�
� � E�� !��
���
<
-�&HH	�	�:�� 5� � ��%�
S�HH�

�0<�H	�	������=��-�0���0<��

G���C	
-������
�0�-�	�0��	��

� �
� � ��� ���	��
<��<<=H��
��0�� �� 5� � ��%�
S�HH�
� � � �

��� ��R	�0F��0G	��
=JJ<D��
E<	
�
C
<<�E	�

�E	<0G53�
� � �
� � � ��� ���0����&HJ�� 3���%�
S��HH�
� � � ���� �'��0����&HJ��K�"�
S��HH�
� � � ����� ����0� ��&HJ��3���
S��HH�
� � � ����   ��0�"��&HJ��3����
S��HH��
� � � ��� "���0����&HJ��3����
S��HH�
� � � ���� �0G	��	
��C���3�"�
S��HH�
�
���<���� �������	�����������*�
�



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"���(�
�

�
�

���<��(� ��
��=H	��
�
����	<
D
�H0=��	��0�� �C	�J
�	<
�
C
<<�E	�	

� <D�
��	

�E<	�F0���	J
���
���
�	J<
�	H	���G��C0=����
�=�E����0�C	��	S=�JH	����C	����0��	��	��G���������0�
J	��
<��00<
�

C
<<�E	��		�	��F0���C	�J=�J0
	��

�
���=���� ���	���������������
�

�
�	<
�
C
<<�E	�J�0���	��G��C���!�E

	���<<=H��
�����<
HJ
�G��C��00��
G���C�
���
�9�1�2�
J0�����: ��&-��"�6 �& ��=�� �	�

<�� DJ	�J0 G	��
0 �O	�
� G��C�
G ���C�F 0��H 
���	�
��	�
J=�J0
	
����C	
	�
G���C	
�
C
<<�E	�G��C�S=��O�H
O	�
���E�	
O�H	�C
��
H������?�
J
�	�
��!�< 
HJ
� 
C
<<�E	�J �0���	�� G��C�	
�C �J
�	< -�� C	
	�
 �	�� ��
��� ��0�
<�� 0� H
��
�0�D�

J
�	
���

�
���;���� ���	����
���
�

.C	�	� F=
	� E<0�O
� �
�	��  �� 
HJ�� �%�� 60<�
� 
�	� �	S=��	�� ED� �C	� 
J	��F��
��0�
� 0�� �C	�
H
�=F
��=�	�¢
� �	
���-�� C	D�
C 
<<�E	�H 0�=<
��� DJ	�G ��C�E
O 	<��	� F�
H	� 
���� 	��F0��	��
�	�
�������<�J
���# <0�O
�
C
<<�E	��< 


�$���J0<	-�
��	G��	�H��
<� F=
	�E<0�O
���# <0�O
� F0��
0�C	���=��	���
����0<�
�	��
����
�
C
<<�E	�
�H�<
������0�
��=���0���

�
��(����� ���	��6��
��
�

&<<� F=
	
�
C
<<�E	� F

��
������
	H��0��=��0�� �DJ	
� F0��&��
=JJ<D�
����0HJ
��E<	� �0� �C	�
����F =
	
���)0� �
< <�! ��� 0G	�	���	� ��	
-�
� H�<
�<D�� C	�F =
	
� 
C
<<� E	�F 

��
� �����
�0HJ
��E<	��0�!�!#�F=
	�J�0��
�0�
��&<<��C	�&��J0G	��
=JJ<�	
�
C
<<�E	�J�0���	��G��C��C	�
J�0�	���0��0F�)

��
������
	H���0��=��0��F=
	
�P������C	�H0H	��	�����DJ	���#���
O	�0F�
)=
	
�
C
<<�E	�4 ��0����	H	�
��)0��
<<��C	�!��J0G	��
=JJ<D�����=��
-�	<	���0�����DJ	�!��
��#�
C
<<�E	�=
	 ��0�< D���
O	�0F�!����#�
C
<<�E	�� �	H	�
-��C0	��9� �0��
��
-��=��-�
.	��H=<<	�-�0���=�R	��
%��?�
J
�	�F=
	
�
C
<<�E	�J�0���	��G��C�	
�C�J
�	<-��C	
	�
�	����
�����0�
<��0�H
��
�0�D�

J
�	
��
�

��((���� �����	��
��	�
��
������	��	���
�

�0=<�	���
 
	��� ��=���E� 	
O	�
� =
	��� ��	 S=�JH	����0 �	�	��=��	� �� C	
	�
J 	��F��
��0�
�

C
<<�C
�	��0�� <	

� �C
��%����
HJ�� ���	��=J������
J
���D�
������60<�
�!����-����&HJ��
�DHH	����
<����	��=J������
J
���D�
���"��60<�
�&������#�
C
<<�E	�J�0���	��
��	
�C�H
���
F		�	�� <��	� <�O	� &�!#� P� !�!#� H
��� F		�	�
-� ���� H
��� F		�	�-� �0���0<� J
�	<
-� ����
����=��
�	����

�
��(����� *�������*�
�

&<<�J
�	<
�
����
E��	�
�
C
<<�E	�J�0���	��G��C�
��0����=0=
�E
�	��0JJ	����0=���E=
�0F�
H���H=H���HH�9��%:%��HH���0

�
	���0�����C	���0=���E=
�
C
<<�E	�E0< �	���0��C	�J
�	<�

��=��=�	� 
��� 	FF	����	<D� ��0=��� �C	� 	����	� 
��=��=�	�� �
�C� 4�0=��� E=
� 
C
<<� C
�	�
J�0��
�0��
� �	
�C �	��� F0���0 ��	���0��0 F� ��0=���< 	
O
�1 ��H H�9 �%�� HH� 4��)< 
�
2�ED �

=��
E<	�E0<�������&<<�
D
�	H��
E��	�
�
C
<<�E	�E�0=�C���0�
��0HH0��
D
�	H���0=���ED��C	�
E���	����<	���0����	
��C�����	
�
�
��	�
C
<<�E	�N���%�0CH
���

�
�
�C�����=����	S=��������0=������
C
<<�E	�� ������=
<<D�
����� �	��<D��0��	��	���0��C	�J
�	<�
��0=���E=
� ED�� �����0��=	�� DJ	��0HJ�	

�0��<=�
���)0� �	<	���0����
D
�	H��
E��	�
� �C	�

D
�	H���0=���E=
�
C
<<�E	���
=<
�	��F�0H��C	��
E��	��	��<0
=�	�
���
C
<<�E	�
	J
�
�	<D�



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"�����
�

�
�

�0��	��	��� 0� �C	� 
D
�	H� ��0=���� � &<<�
D 
�	H� �
E��	�
� 
C
<<� E	� E�0=�C�� �0� 
� �0HH0��

D
�	H���0=���ED��C	�E���	���

�
�C	�#���	��
C
<<� F=���
C�C�
� �	�0HH	��
��0�
� �	�
��������0=������ �	S=��	H	��
� F0��
<<�
	S=�JH	��:
D
�	H
� 
��� 
C
<<�
J 	��F��
<<D�� ����
�	�� C	��	� �
��0�
� �F�
�D �F �0H� �C	�
E0� 	�
�	S=��	H	��
�

�
�J
���0F�C�
�J�0J0

<��

�
��()���� �	����������
���
�

)0��
<<� ��J=�
� �0� �C	�
D
�	H�	H
�
�����F�0H��C	�F�	<��0��0�C	��
D
�	H
-��C	�E���	��
C
<<�
F=���
C��	�H��
<
�
=��
E<	�F0���0��	���
�R	�0F�F�	<���
E<	
��

�
��()��(� &<<�0=�J=�
��0�����0����:�.4���	�H��
<�E<0�O
-�
C
<<�E	��
�	���������0<�
�H���H=H�
���


C
<<�C
�	�
� �
J�
�� 	G�< 	

� �	�H��
<
� 
=��
E<	� F0���0 ��	���0��0 F�G ��	
� G��C�� ���� �0��=	�
�DJ	� <=�
�� � ��
��
��� �	�H��
<� E<0�O
� 
C
<<� E	� 
��	G� <	

� �
�	� �<
HJ
� �DJ	�� �	�H��
<�
E<0�O
� 
C
<<�E	�
JJ� 09�H
�	<D�
� R	��F 0��< 
��	��G ��	�
� R	�0F �C� �C	��� 0<�
�	�� �
=<
�	��
���0H�����0��=��0�
�

��	�	


�D��&<<��C	��#
�=
	��
C
<<�E	��� ��J0<DH��	��0�G��C
�
���
�0��0
�0��
������C	�H	�
<<���J0���0��
C
<<�E	��0
�	��
�
��
���=
��:�0��0
�0���&<<�H	�
<�J
��
�

C0=<��E	��0��KF	��0=
�����
�=�	��

�
��()���� �	�H��
<�E<0�O
�
C
<<�E	�J�0���	��G��C�GC��	�H
�O����
���J
�
����	�J	�H���	��ED��C	�

F	�D�

�0�	
�
���
�
��
��
�
C
<<�E	�G��C0=���0�	�
��
�
��()��)� )=
	
� 
C
<<��0� �E	� H0=��	��0� �� 	�H��
<�E< 0�O
��� 	��C	�� 
�	J�� DJ	�� 	�H��
<�E< 0�O
��0� �


��<	�H0=������0F��	�H��
<�E<0�O
�G�<<�E	�
��	J�
E<	��
�
��()��'� &��<	

�����J	���	���
J
�	�=�=
	��F=<<D�G��	���	�H��
<
�
C
<<�E	�J�0���	��0��	
�C��	�H��
<�

E<0�O� F0���� ��=���H0��F��
��0�
�
��� F0��� 	�H��
��0��0 F�
< <��0��=��0�
� ���
 �H=<��3�0��=��0��
�0���0<��
E<	�G��C�	
�C�J
�	<-�	��<0
=�	-��=E��<	-���6�#09	
�	����

�
��('���� ���	�����	���������	���
�

�
H	�J<
�	
�0F�
�	S=
�	�
�R	�
C
<<�E	�J�0���	��F0��	
�C�J
�	<�0�� F�0���
����	
��0F� �C	�
J
�	<�����
��=H	��
:0�C	��
��	

0��	
�H0=��	����
��	��C	�J
�	<
�
C
<<�C
�	���	���F��
��0��
H
�O�����<	
�<D���
�E<	�F�0H���
��	��

�
!	���	
��0�E	� H0=��	��0��� C	�J
�	<
�
C
<<�
<
0�E	�<
E	<	��0���C	�J
�	<
�
C
<<�
<
0�E	�
<
E	<	��0���C	�0=�
��	�0F��C	�J
�	<����
H	�J<
�	
�
C
<<�E	�0F�J0<D
H��	�
C		�
�G��C�E<
�O�
<	��	�
�0��G C��	�E
�O��0=������ 
H	�J<
�	
�
C
<<�E	�
� �
�C	���0��C	�E0
��
�ED�H	
�
�0F�

�
��<	

�
�		<�J
�C	
��
��	G
���)=
	
�J�0���	��F0��J�0�	���0��0F��
��0=
�E09	
�
C
<<�E	�

��	

�E<	� F0�� �	J<
�	H	���� � )=
	� E09	
� 
C
<<� E	� J�0���	�� G��C� ����=��� <
E	<�
��� F=
	�
�
�	���=��	���
����0<�
�	��
�
�.-W345!��.^,/!��
�
&<<�H 
�O	�
:<
E	<
� 
C
<<�E	�H 
�	�0 F�C
< 0�	�� P�
� <��0��F �		�J0< D
H��	�H 
�	��
<�G ��C�
��F<
HH
E�<��D� �<


� 6�� 

� J	�� ��� +"-� 	�
=����� 
��
��C� J�00F� J�������� G��C� �C	� =
	� 0F�
	����0�H	���F��	��<D�
0<�	���F�		���O�P�<
�	
��#����&�>��6��	�C�0<0�D�
0�

��0��0HJ<D�
�C	�.�����������&����
��0�������0�!�����������3�:6!���"��3���

�



��	
���
�����������
��
������	���

�

�����)��&��������5���3���K+++3��"%�K�%"&�

6��������� #�

��������!�

��6������� � !&���5���3�+3��� �

�$����� 1� �)���� 6�

)�
�

�
��

�
���

�
�

3�
��

�3
��

��(��� �
��	�
�C�
�
J	��F��
��0���0�	�
��C	�!	
���-��
�=F
��=�	-���
J	���0��
����	
�����
���C	�H
�=F
��=�	�¢
�G0�O
-�
J�0J	��J
�O����F0��� �
�
J0��
��0��
����	<��	�D��0�
��	-� 
=J	���
�0�-�	�	���0�-�
����0HH�

�0�����
�� 
��	�
0F��0�
<��
�	<
��	S=��	��F0���0���0<�
���H0���0�����0F��C	�&=9�<�
�D��<
���P��S=�JH	����

���� 
��	����������������
���� &<<��C	�	S=�JH	��
�
J	��F�	��C	�	���
C
<<��0HJ<D�G��C��C	��	S=��	H	��
�0F��C	�<
�	
���

=	�0F��C	��	<	�
���

�
��0�
<�
������	��
��0�
<�
�
��
��
��
�

���� &
�
�H���H=H��	S=��	H	��-��C	�F0<<0G����
�
��
��
�
C
<<�E	��0HJ<�	��G��C5�

2� ��3���%�5��++(� 5� �0�	�0F�J�
����	�F0��JC0
JC
�����0F���0��
���
�		<��
E2� ��3%�5����'� 5� �0<0�
�F0���	
�D�H�9	��J
���
�
���	�
H	<
��
�2���3��"(5� �� � 5� !��	���&�����������
�����&�
<0���<	���	

=�������
��=H	��
��
�2� ��:������+"'5�
����5���"�5� �0G�60<�
�	�
G���C�	
��P��0���0<��	
�5��
��3��14	�	�
<��=<	
2�
	2� ��3((�(5�++�� 5� ����=���E�	
O	��F0��C0=
	C0<��
���
�H�<
����
�
<<
��0�
��
F2� ��3� +"'�1�
��3�25�++ � 5� �0G�60<�
�	�
G���C�	
��P��0���0<��	
��5��
��3��14	�	�
<��=<	
2�
�2� ��&3�(��5�+'+������������������5���&��=���
�0���	S=	��	
�
����J	��F��
��0���
C2� �)�&3"+�5��� � 5� �=��	��P� ��	

=��
	�� ���<0
=�	�F0 ���<	�� ���
<� �S=�JH	������

$
R
��0=
��0�
��0�
��
� � � �� � �

)����	
� ��
����	7���	�	����
 ����
�	<� �0�
��=���0��
 ����� �C	�<0�
<�J
�	<
�
C
<<�C0=
	��C	� 
	�0��
�D���
��=H	��
-�
��=���
��0��
D
�	H-�����<	�<0 0J��0���0<<	�-�

�0���0<�
G���C	
�:�J=
C�E=��0�
-������
�����<
HJ
:��!��<=
�	�-��	<
D
-���H	�
�
���0�C	���	���	
��	S=��	��
F0��0J	�
��0��
���H0���0�����0F��C	�	S=�JH	���<0�
<<D����

�

 ����� �C	�J
�	<
�
C
<<�E	�0F�F�		�
�
�������DJ	�	��C	��G	<�	���0�
��=���0��0��
��<	���0��1H���H=H�
	���0��0F�
%��9�%��9�" �HH2� 
��=��=�	�0 ��F0<�	 ���0� 
��=���0��ED�
C	 	��H 	�
<�F0�H
��0 ���	J 	������=J0���C 	�
	S=�JH	��
��0�E	�H0=��	��0��������C	�J
�	<
�
C
<<�E	��0E=
�<D�E=�<��
���
��FF	�	�
�

��	�	


�D�
C
<<�E	�
J�0���	���

�

 ��� � �C	�J
�	<�
C
<<�E	�
=��
E<D��	��F0��	���0�	�
=�	�
�	S=
�	�
=JJ0���F0��
<<���
��=H	��
�H0=��	���C	�	0����
&<<�G	<�
�0��	9J0
	��J
�	<�
=�F
�	
�
C
<<�E	���0=���
H00�C���

�

� ���"� �C	�

<�	���F	
�=�	
�0F��0�
��=���0��
C
<<�E	5��
�

���������������������������C		��H
�	��
<5��0<���0<<	��
C		��
�		<��
)�
H	��C��O�	

5��0��<	

��C
�� ��HH�
���<0
=�	��C��O�	

5���0��<	

��C
����%�HH�F0��<0
��E	
�����
	���0�
�1�0=��	��G��C���
��=H	��
2�
                                         ����HH�F0���00�
�
����0��<	

��C
������HH�F0��0�C	�
�
�
�	<�$	��C�5�&
��	S=��	���
4<
���J<
�	��C��O�	

5� ��HH�
#

	��C
��	<5����������G��C�
���3��E�
��0��H0=������P�F0=��
��0��E0<�
��

�
 ���%� �C	�J
�	<�
C
<<�E	�J�0���	��G��C��	
���00�
�G��C����	��
<�<0�O
E<	�C
��<	����C	� �00��GC	��<0�O	��
C
<<�

E	�C	<��
��H� ��H=H��C�		�J<
�	
���C	��00��G���C�
C
<<��0�� E	�H0�	��C
��%%�HH��C	��00�
�
C
<<�E	�
J�0���	��G��C�
=��
E<	�
��FF	�	�
��0 �J�	�	���E=�O<����� ��C	�C
��<	�
C
<<�E	�0���C	����C��
�� 	�0F��C	��00�� �
�C	� �00�� 
C
<<�E	��	H0� 
E<	��DJ	 � G��C��0��	
< 	�� C���	
��0�F
��<�� 
�	� H
���	�
��	�G0�O��� �=��
E<	�
J0�O	����
��	��C	��00��
C 
<<�E	�J�0��� 	��F0��O		 J�����C	���
G� ��
�:��0�=H 	��
��!0=E<	��00��
C
<<�E	�
J�0���	��G��C�
=��
E<	��<


�G���0G
-�

�J	���C	��	S=��	H	����

�
¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥�
 ����� �=��
E<	��	0J�	�	��

O	��
C
<<�E	�J �0���	��0��
 <<� �00�
�
����	H0�
E<	��0�	�
����=��
E<	 ��	���<
��0��


D
�	H�
<0���G��C�<0=�	�
�
C
<<�E	�J�0���	��
��E0��0H�
����0J�0F��C	��00�
��0�	�	��G��C��	H0�
E<	�G��	�
H	
C�



��	
���
�����������
��
������	���

�

�����)��&��������5���3���K+++3��"%�K�%"&�

6��������� #�

��������!�

��6������� � !&���5���3�+3��� �

�$����� 2� �)���� 6�

)�
�

�
��

�
���

�
�

3�
��

�3
��

�

 ���'� �C	��<


�0F�J�0�	���0��
C
<<�E	����
��0��
��	�G��C���3"��=�<	

�0�C	�G�
	�
J	��F�	������C	��
�
�
C		��K�
&�1�0�����3�"%3%"&3!��3�2��

�

 ���(� &<<�
�		<�
=�F 
�	
� 
C
<<� E	��<	 
�	��E D�

���:� J	<<	��E<

��� �-���	
�	��F0 ��J� �O<���-��	 ��	

����
� ��
JC0
JC
�����	����ED�
	�	� ��
�O� H	�C0�����C	�J 
�	<�
C
<<�C
�	�
�C��C� S=
<��D� F���
C�
���
JJ	
�
��	���
�C	�J
�	<�
C
<<�E	�J
���	��G��C��G0��0
�
�0F� J��H	��F0<<0G	��ED��G0��0
�
�0F� 	J09D�:�
D��C	�� ��	�
H	<�
E

	��F��
<�J
����0F��0<0��
C
�	�
���F��� 
C�

����	������
�
�
C		�3&� 1�0�����3�"%&3!��3�2��������H=H�
�C��O�	

�0F��C	�J
����
C
<<�E	�(%�H���0�
�F0��	9�	��
<�J
����
���'��H���0�
�F0�����	��
<�J
�����

�

 ���+� �C	��
E<	��<
��
�0F��C	��	S=��	��
�R	�
����DJ	�

����	������
�
�
C		�3&�1�0�����3�"%&3!��3�2�
C
<<�E	�

=JJ<�	��
<0��G��C��C	��
�	<��

�

 ������ &<<�0J	�
E<	�
��������
������	���	
�
C
<<�E	�H0=��	��0���C	�F�0���0F��C	�J
�	<�GC�<	�
=9���	<
D
�:���H	�
�
��#
�	�����	S=��	��F0���	 
<�R
��0��0F��0���0<�< 0���
�
C
<<�E	�H0 =��	��0��
�H0=������J<
�	 ���
��	��C	 �
J
�	<���&=9�<�
�D��	<
D
�
�����H	�
�	����
C
<<�E	���0=J	��
��0�������0��C	��0���0<�F=����0���

�

� �0�0J	�
E<	�0�������
������	���	
�
C
<<�E	�H0=��	��E	<0G�'%��HH�
���
E0�	��(���HH�1G������F���
C	��
��0=���<	�	<2����C	��	���	
�
C
<<�E	�<0�
�	�����
=�C�
�G
D�
0�

��0�	�
=�	�	

D�
��	

�F0��0J	�
��0��:�
H
���	�
��	��

�

 ������ ����<	�:��=
<��0���0<�J0G	��
=JJ<D�F		�	�
�0F��0<�
�	��<


�

�
J	��F�	������
�
�
C		�3&�1�0�����3�"%&3
!��3�2�
C
<<�E	�J�0���	��ED��C	�J=��C

	�������

	��	�=��
���J0G	��
=JJ<D�F		�	�
�
�	�J�0���	���C	��

=�0��C 
��	0�	��=����
C 
<<�E	�H0=��	 ��0���C	�J
� 	<�
�	�����C	 �J
�	<�
= JJ<�	�¢
� 
�0J	���.C	 �	�!��
�0���0<�J0G	��
=JJ<D��
� 
J	��F�	��
��
�����0�
<��"�6-�%��$R�&�� 
=JJ<D�F		�	�� F0��J0G	�����0F�
J
�	�
C	
�	��
���<��C�����
C
<<�E	�J�0���	��ED��C	�J=��C

	�����=��
E<	� 
��
��	H	���
C
<<�E	�J�0���	����
��	�
�C	�J
�	<��0� �	�	��	�
� ���	�H�� 
�	��C	 �J0G	 �� 
=JJ<D� F		�	�1
2���)0���C� 
�J= �J0
	�� �#
� 0F�
=��
E< 	�
�=��	����
�����
C
<<�E 	�J�0���	��ED��C	� �	��0����&�
= J	���
0�D��	<
D�
<0���G��C� 
�J�<0��<
HJ�� 0������
�	�
�0���0<�
=JJ<D�¦��¢�
C
<<�E 	�J�0���	��0���C	�J
�	<���&�D�0�C	��J0 G	��
=JJ<D��	S=��	��F0���C	 �0J	�
��0��
0F��C	��	���	
�H0=��	������C	�J
�	<�
C
<<�E	�
��
��	��ED��C	��	��0���

�

 ������ �C	����	��
<�G������
C
<<�E 	��
���	��0=�� G��C�������0<����
�	��6 ����
=<
�	���0JJ	��H=<���
��
���G��	�:�
F<	9�E<	�0F���%HH��
� R	��&��P�!��G��	
�
C
<<�E	�O 	J��
	J
�
�	� F�0H�	
�C�0�C	�����	J
�
�	��0<0= �	��
G��	
��0�E 	� =
	��F0��&�� 
��� !�� ����=��
���&<<�G��	 
�
C
<<�E 	�J �0J	�<D��= HE	�	��
� ����	��� F�	��G��C�
F	��=<	
� 

� J	���C	� �0���0<�
�C	 H	�:� G��������
 ��
H���.��	
� 
C
<<�E	� �0=�	��
��� �=���C �0=�C��6� �
��0=�C
��

�

 ���� � �	�H��
<�E<0�O
�
C
<<�E	��<�J�0���DJ	-�������0<�
� ��
�	����	J
�
�	��	�H��
<�E<0�O
�
C
<<�E	�=
	��F0��&��
P�!������=��
����C	��	�H��
<
�
C
<<�E	�
=��
E<	�F0���	�H��
�������%�HH���0���%HH��	9�	��
<��
E<	
���C	�
�#�J0���
�����	�H��
<�E<0�O�
C
<<�E	��
�	��<
HJ��DJ	�:�
��	G��DJ	������C	��	�H��
<�F0��
HH	�	�
�
C
<<�E	�
J�0���	��G��C��	H0�
E<	�<��O
�F0��
C0��������
����
�C��	�H��
<�
� ��J�
C
<<�E	�J�0���	��G��C���	���F��
��0��

���J���� C	��	 �H��
<� 
C
<<� �0��E	�H 0=��	��E	<0G��%��HH�C 	��C��F�0H�F��� 
C	��F<00���� �C	�J
�	< �
C
<< �
C
�	��	��1��2�J	��	���
J
�	��	�H��
<��

�

 ����"� �C	����	��0��0F�	
�C�J
�	<�
C
<<�E	�
=��
E<D��<<=H��
�	���C�0=�C�F<=0�	
�	���<
HJ
�:��=E	�<��C�
�G��C�������������������
�������������
C�0=�	���0�	��0F�H���H=H��%.�0J	�
E<	�0���"�6�%��$R�&��J0G	��
=JJ<D��C�0=�C�J
�	<��00��
G���C���
�������������&��%�&HJ�� 3J����0G	���	�	J�
�<	�
C
<<�E	�J�0���	�����
�

 ����%� �=��
E<	�
J
�	�C	
�	�
�0J	�
E<	�0���"��60<�
� %��$R�&��J0G	��
D
�	H�
C 
<<�E	�J�0���	��
���C	�J
 �	<�
E0��0H����C	
	�
C
<<�E	��	
���	���0�H
���
����C	�J
�	<��	HJ	�
�=�	�F��	�1%2��	�����
E0�	��C	�
HE�	���
�	HJ	�
�=�	��=�����H
���	�
��	�
C=��0G�����=��
E<	��
0<
�����
����0���0<��	���	
��0HJ��
����0F���#-�
�C	�H0
�
��	����
C
<<�E	�J�0���	��F0���C	�
J
�	�C	
�	���

�

 ������ �C	�J
�	<�
C
<<�E	�J�0���	��G��C�
��0JJ	��	
��C�E=
�0F��%�9���HH�
�R	��=�������C�0=�C0=���C	�G���C�0F�
�C	�J
�	<����� �
C
<<�E	��	�H��
�	��� ��	��
<<D�G��C����HH�E0<�
�
�� 	9��	H	�	��
�F0���0��	���0���0 �H
� ��

�
��0��	
��C����C	�J
�	<�H0=��	��	S=�JH	��
�:��	���	
�
C
<<�E	��0��	��	���0�	
��C�E=
��C�0=�C���		��
�0<0=�	���6����
=<
�	��
��
��	���0JJ	���0��=��0��0F���%�HH��
�R	��

�

 ����'� �0�
<��
�	<�
C
<<�E	�J�0���	��G��C�H
����
H	�J<
�	�0F��%�� HH�9�"��HH� 
�R	�C
�������
���J��0��0F�� ��
HH�C	��C�����C	�������� =
<��	���	
�0���C	�J
 �	<
�
C
<<�E	�
 
�J�0���	��G��C� 
	J
�
�	��
H	�J<
�	�G��C�
��
���J��0��0F� �HH�C	��C�����C	���
��=H 	���:��	���	
� 
C
<<�E	�J�0���	��G��C�
���O�0��<
E	<�J<
�	
���
� �	�
�C	�J
�	<���� C	�H
�	��
<�0F��C	�H
�� �
����������=
<�<
E	<
�
C
<<� E	��C�		�1 2�J< D� �HH��C� �O���
FF0<D�	�



��	
���
�����������
��
������	���

�

�����)��&��������5���3���K+++3��"%�K�%"&�

6��������� #�

��������!�

��6������� � !&���5���3�+3��� �

�$����� 3� �)���� 6�

)�
�

�
��

�
���

�
�

3�
��

�3
��

�C		��:���HH�&�0��
	� �&<=H���=H� �<
�	����C	���
���J��0 ��
C
<<�E	�G��C �GC��	�<	��	�
�0��E< 
�O�
E
�O��0=���0����
FF0<D�	�
C		�����C	�<
E	<
�
C
<<�E	�F�9	��ED�
	<F��
JJ�����0�3�=
�����
��	G
��

�
 ����(��6	��0���
C
<<�F=���
C�	<	������<0
��
���C	
��<0
��<�
��1�����

	�J
 �	<��
��0�E	�J<
�	������
��	����0� H	���2�

0F�	
�C�J
�	<��
�
 ��� $
R
��0=
�&�	
��
�	<��	S=��	H	���

 ����� �C	�� 0�
<��
�	<�<0 �
�	�� ���C
 R
��0=
�
�	 
�
 C
<<�E 	�J�	

= ��R	��

� J	���) �&3"+�� �	S=��	H	��
��0�
�	��	������0 �3C
R
��0=
���&<
�H
�
C
<<�E	�J �0���	��F0��<0 �
<�
����	H 0�	�
��= ���
��0��GC 	��
J�	

=��

��0��F
<<
�E	<0G���%�HH�0F�G
�	���0<=H������0�	���0��
C
<<�E	�0F��DJ	� ;�0F��)�&3"+�������
C
<< �
�0��E	�J0 

�E<	��0�
G�� �C�����C	� J0G	��0F� J=��	�� 
	���0��=�<	

�����
�J= ��	��
 
�J	���C	 �
�	�0HH	��
��0��0F ��)�&3"+��� �6	��0��H=
��J �0���	�
�J�0�	����	��	���	�0���C	�J 
�	<��0� J�0�	����C	 �
J
�	<�F�0H�0�	��J�	

=��

��0���

�

 ����� 6	��0�� 
C
<<�
= JJ<D�J �	

=��

��0�� O����0 �
�
�����0 F��
<�	
-��	 
������0��0 ��F��	
-��= 
<�F�<�	�� �	�=<
��0�-�
J�	

=�	��
=�	
-�J�	

=�	�
G���C	
-��0�
H	�	��	� ������	

=��

��0��O���
C
<<�E	 �
=�F
�	�H0=������0�� 
�
H	�
<�E0
 ��� 
���<0 �
�	�� 0=�
��	��C	�< 0�
<� J
�	<�����	

= ��

��0��O���
C
<<�F= ��C	�� �0�
�
�� 0F�
0<	 �0���
�
<�	�F<0G�
G���C-���H	��E< 0G�0FF�

F	�D��	���	� 	���-�
0�

��0�H 
O	�J=������F=<< D�
=�0H
����� �$0G	�	��
F��
<�
�
���
C
<<�E	�H
�=
<����
�	<�J�0�	���0��
�
��
��0�	��J�	

=�	��0�E	�J�0���	��

�J	���)�&3"+���

 ��� � ��	

=��
	��<0�
<��0���0<�J
�	<�J�	

=��R
��0��O���


	HE<D��	
����
C
<<�J�0���	�H���H=H�<	
O
�	�F<0G�
�C�0=�C��C	��0�
<��0���0<��
�	<����
�	<��	������
C
<<�E	�

�J	���)�&3"+���

�

 ���"� &<<��0HJ0�	��
�����C	�<0�
< �J
�	<�<�O	��� ���
�������
��=H	��
-�J=
C�E=��0�
�
G���C	
-�<
HJ
�	���-�GC��C�

�	��	S=��	���0�E	�	�	���R	��G��C0=��J
�	<�J�	

=��R
��0��0��E	F0�	��0HJ<	��0��0F�J=��	��D�<	�
C
<<�E	�
	9J<0
�0��J�00F�

�J	�����&3'�P�
=��
E<	�F0��
�	
��<


�F��
��0���

�

 ���%� &<<�J=
C�E=�� 0�
�	� ����	S =������F�	S= 	���0J	�
��0 ���=��� ��H
 �C��	��=� ����� 
C
<<�C
�	��0 0��J0 
����	�

	
<������ .	
�C	�J�00F�C0 =
����0 �� �0�	���0 �E	 �J� 0���	�� GC	�	�	��� 	�	


�D���6	��0 �� 
C
<<�J�0��� 	�
J�	

=��

��0��EDJ


� 
G���C�0 =�
��	�	9J<0
� 0�� J�00F�	 ��<0
=�	�0F�J �	

=��R	��J 
�	<�G��C�<
H J�
�����
��0�����C�
�
C
<<�E	� =
	��0�<D��=�����H
���	�
��	���&<<�C���	
-�
��	G
-�0�C	���0�3J
���	��H	�
<<���
J
��
�
C
<<�E	�0F�
�
��<	

�
�		<�H
�	��
<��

�

 ����� ��0��
�0���0� 
G���C�0FF�H 
�=
<<D�
<<��DJ 	
�0F�J0G	��
C
<<�E	�J�0���	������C	� J
�	<������
 �����0�-����
C 
<<�

<
0�E	�J0

�E<	��0�
G���C�0FF�J0G	������=��
�:��0HJ0�	��
�GC��C�
�	�J0G	�	��F�0H�H0�0���0���0<��	���	�
0���0���0<��00H�H
�=
<<D�����

	�0F�J�	

=��R
��0��F
�<=�	���&<<�
=�C��
E<	 
�F�0H�����
���H
����0���0<�
�00H�
C
<<�E	��	�H��
�	�����	9J<0
�0��J�00F�E09	
�1���&3'2��

 � � �0���0<�P��0���0������	���	
�

 � ��� ��
��=H	��
�<�O	������
�0�
-��	�0��	�
-�
���<	�<00J��0���0<<	�
�	����

�
JJ<��
E<	�
���
J	��F�	��	<
	GC	�	�
F0���C	�J<
���:�	S=�JH	���
C
<<�E	�
=JJ<�	��
���H0=��	��0���C	�J
�	<��

 � ��� &<
�H�&��=���
�0���D
�	H�
�

� ���
C
<<�E	�
0<���
�
�	���
��	�	�F
��
��DJ	�C
�����
�
	S=	��	�0F���&3��(��&�0��

�
J	��F�	�-�0J
S=	�F
��
�
G���0G
�0F�'��HH�9�%��HH�
�R	-�C
��� ���G0�1�2�<
 HJ
�J	��G���0G-�
���C00�	��0F���.-�
� ��J�0��
�0��
F0���	 J	
��� �0=J�
<
 �H�
� ��	H0�	����C 	�
�� =���
�0��
C 
<<�E	� J�0���	��G��C�� 	��1� �2�J 	��	���
J 
�	�
G���0G
�0��H���H=H��G0�1�2�G���0G
�
<0���G��C�	<	���0���
��

�

 � � ��	<
D 
�
�

� �C	��	<
D
�
C
<<�E	�	<	���0H
��	�����DJ	�
=��
E<	�F0 ��
J	��F�	���0���0<�
=JJ<D��� ��
��0��
����0�F��=�
��0��

����
�����
C
<<�E	�
=��
E<	�F0���C	�
J	��F�	���0���0<�F=����0����$0G	�	��H���H=H��0��
����
�����
C
<<�E	�
%�&HJ�&��P���&HJ�!��

�
JJ<��
E<	����C	�	�
C
<<�E	��	��1��2�J	��	���
J
�	��0��
��
��

 � �"���H	�
�
�

� �C	���H	�
�
C
<<�E	�	<	 ���0�����DJ	�
=�� 
E<	�F0��
J 	��F�	���0���0<�
=JJ<D�����
��0��
����0 �F��=�
��0��
���
�
�����
C
<<�E	�
=��
E<	�F0���C	�
J 	��F�	���0���0<�F=� ���0����$0 G	�	�-�H���H=H��0 ��
����
�����
C
<<�E	�% �
&HJ�&��P���&HJ�!��

�
JJ<��
E<	��



��	
���
�����������
��
������	���

�

�����)��&��������5���3���K+++3��"%�K�%"&�

6��������� #�

��������!�

��6������� � !&���5���3�+3��� �

�$����� 4� �)���� 6�

)�
�

�
��

�
���

�
�

3�
��

�3
��

 � �%� �0���0<�:��	<	��0���G���C	
�
�

� �G���C	
�
C
<<�E	��0�
�D��
H��DJ	�G��C�H���H=H�0F�%�&HJ
�&��P���&HJ�!���0����=0=
��=��	����
�������
�	<	��0�� 
G���C	
� 
C
<<�E	 �
�
D�J=��� DJ	�GC�<	� �0���0<�
G���C	
� 
C
<<�E	�
J�� ��3�	�=��3�03�	=��
<��DJ	�� �
�0��
����0�F��=�
��0��
����
�����
C
<<�E	�

�J	���C	��0���0<�F=����0���	S=��	H	������C	�
G���C	
�
C
<<�E	�
<0�O
E<	��DJ	 �GC	�	�	��
J	��F�	�����
 �C�
G���C� 
C
<<�E	�J�0���	� �G��C�	� ��
�	��J<
�	
������
������C	�

G���C�J0
���0��:�F=����0�
��

 � ��� �=
C�#=��0�
�:������
��������C�
�
�

� �C	�J=
C�E=��0�
�
C
<<�E	 �H0H	��
�D�
���0��
	<F3�	
	������ �DJ	-�C0G	�	��
�0J ���#���F0��=�����	 ���0�
<�
����	
�
C
<<�E	�J�0���	��G��C�H
�=
<��	
	��F
��<��D�����
��0��
����0�F��=�
��0��P��
�����
C
<<�E	�

��	S=��	��
F0���C	��0���0<�F=����0��E=��H���H=H������Q� �����0 F�%�&HJ��&�� �
����������
C 
<<�C
�	��0 =����0<0=�	��
J�0�	�������
E�
���	���
�	��	
�=��C	0��J<
�	�:���
���J��0��J<
�	����0<0=���0�����0F�J=
C�E=��0�
�
C
<<�E	�


�=��	�5�

�

� ��!���������0�0���))�:�6
<�	������� ,����.� &<
�H�
�O�0G<	��	������	F��$
������	��
� 4��������0�0�����:�6
<�	������ �������������#�&�>�� �
HJ��	
�����������������������C��$
������	�
�

� �����
�����<��C�
�
C
<<�E 	�
=��
E< 	�F0�����	����0�� 	���0�
�
 ��0

�
J	��F�	 ��J0G	��
= JJ<�	
������
C
<<�E	 �
F���	��G��C�E=�<������	
�
�
��	��0�J�	�	�������=������JJ����0��
C0������0F�<
HJ�F�<
H	��������
C
<<�E	�F���	��G��C�
��!��<=
�	���DJ	�<
HJ��	J<
�	
E<	�F�0H�F�0����

�

� 4��������0�0���))�:�6
<�	������!��0�����0�� &�#������0�0�����JJ	����������������	F��$
������	�
� ��!���������0�0�����:�6
<�	�������0�����0�� .$������0�H
<�:�C	
<�CD�������������C��$
������	�
�

 � �'�&HH	�	�
�
�

� &HH	�	��
C
<<�E	�+ ��9�+� �HH�
� R	-�+���	���� 	F<	���0�-���%?�
��=�
�D-���&HJ �����0 J	�
�	��0��G��C ������
"3��H&���J=��
���)<=
C� H0=�������DJ	�

� �
<<	��F 0�� ����C	��
� 
�
C		�3& �1�0� � ���3�"%3%"&3!��3�2����
&HH	�	�
�F0��H0�0�
�
C
<<�C
�	�
�9�1�2���H	
�F0<�	��
�
<	�
��=JJ	��	����0�	�
E<	�H0�0��
�
�������=��	���
�����
��0��

 � �(� ����
�=�	�����=���#�	
O	��1��#2�
�

� �C	
	�
C 
<<�E	���
�
 ��
�	0=
�H
�� 	�������J��DJ	�F0�� 
C0����� ��=������
�����0 ���0��=��	��� ��H	����	�
	�
�	<
D	���C	�H
<����J�F	
�=�	�F0��0�	���=��	���J�0� 	���0�����C	�C0=
�� ��0F���#�
C
<<�E	�H 
�	�0F��0� 3
�����
E<	-�C��C��HJ
���H
�	��
<������
C
<<�C
�	�H���H=H�
C0�������=����
�����0F�+�>&�F0��&��60<�
�	
�
���"�
>&�F0��!��60<�
�	
��

 � �+� �
O	
�0F��
��0=
���
��=H	��
�:��	���	
�
C
<<�E	�

����	��E	<0G�
�
� ��� &<
�H�&��=���
�0�
� 5� ��0�0��:�����
���� &HH	�	�
� 5� &���:�����
�  �� �0���0<�:��	<	��0���G���C	
� 5� &<
�C0H�:�>
D�		�:���	H	�
�:��P��
� "�� �=
C�#=��0�
�:������
������
HJ
� 5� ��	H	�
�:��P��:��	O����:�&<
�C0H�
� %�� &=9�<�
�D��	<
D
� 5� 8D0���:���	H	�
�:��P��:�����
� ��� ��H	�
� 5� �P��:�&<
�C0H�:�#C
���D
��=�<	��$
HH	��
� '�� ��#
� 5� �P���0G	��������:����0�&
�
��:��!��
� (�� �	�H��
<�#<0�O
� 5� 8D0���:��<H	9�

'��� �	����*���������	
�����

"��� �C	��E���	���
C
<<��
�0 J���
=��
E<	��S=
< ��D��


=�
��	��J�0��
H���0��	�
 =�	���C
����C	�	S=�JH	��
�
0FF	�	��G�<<�H		���C	�
J	��F��
��0���	S=��	H	��
����F=<<��

�
�

"��� #$��¢
�
�
��
���@=
<��D��<
��F0��� ����
�	��<0
	��G��C��C	�
J	 ��F��
��0����C	�E���	��
C
<<�F=���
C�
C�
�
��	J�
��	��0�#$��¢
�@��
���
=EH����C	�
���	��
���
�
HJ	���0JD�0F�@��
<0���G��C��C	�0FF	�.�
�
�
�
�

�



��	
���
�����������
��
������	���

�

�����)��&��������5���3���K+++3��"%�K�%"&�

6��������� #�

��������!�

��6������� � !&���5���3�+3��� �

�$����� 5� �)���� 6�

)�
�

�
��

�
���

�
�

3�
��

�3
��

"� � �C	��	��0��
C
<<��0��=����C	�F0<<0G�����	
�
�

�
�H���H=H��	S=��	H	��5�
�
"� ����0=��� 	��	
�
�
�

���$��C� 60<�
�	�1$�6�2�
��� ��
=<
��0���	
�
�
��	�1����2��
 ��)=����0 �
<��

�

"� ����DJ	� �	
�
�
�

� ��� ���<0
=�	��<


��	
��
�



��	
���
�����������
��
������	���

�

�����)��&��������5���3���K+++3��"%�K�%"&�

6��������� #�

��������!�

��6������� � !&���5���3�+3��� �

�$����� 6� �)���� 6�

)�
�

�
��

�
���

�
�

3�
��

�3
��

:��� ����	������
��������	��

%��� �0HH�

�0������J
�	
�
����0�
=H
E<	
�
�

�C	�E���	��
C
<<�
=JJ<D�
<<��0HH�

�0�����
J
�	
�
����0�
=H
E<	
�¦

���	S=��	�¢��=�������
��3=J-�

�
J
���0F��C	�H
���	S=�JH	���
=JJ<D��

�
%�����
��
�0 �D��J
�	
�
�

�C	�E�� �	�� 
C
<<�0FF	��
<0 ��G��C�H 
��� 0FF	�-��C	��
 ��
�0�D��J
 �	
�
 
�
J	 ��F�	��	<
	GC	 �	�����C	�

J	��F��
��0����C	 ��
� �
�0�D��J
�	
� 0FF	�	�� 
C
<<�E	� 0F��C	� 

H	�H 
O	�
 ����DJ	� 

��C	�H
� ��
	S=�JH	����

�
%� ���	 �0HH	��	���J
�	
�
�

�C	��E� ��	�� �
C
<<��F =���
C��
��<� 
���0 F���	�0HH	 ��	���� J
�	
������ �
�������C	���0 �H
<�
	 ����	�
	9J	��
��D� J	��0��
� ��F�	S=	 ��D�0F��	J<
 �	H	�� �S=
�����	 
��	 �0HH	��	�� F0�� �D	
�
� 0J	�
��0��

<0��G��C�=�� ���
�	�
�
�� 
��	
�C���	H��0�	�
E< 	�#$��:#$��¢
��=
�0H	 ���0�J< 
�	�
� 
	J
�
�	�0�� 	��
<
�	�-��F��	S=��	���

����� �����*��������
��	����

���� �C	�E���	��
C
<<�F=���
C��C	�F0<<0G�����0�=H	��
�����	S=��	���=HE	��0F��0J�	
�
<0���G��C��C	�E���5�
�

��� !
�
��C		���0�����3�"%&3!��3��
��� 4	�	�
<�&��
��	H	���!�
G�����
 �� �
�
<0�=	�
����	�C���
<���F0�H
��0��F0����
��=H	��
�
����	���	
��
"��@=
<��D� �<
���

�
���� �C	��	�� 0�� 
C
<<�F= ���
C� �C	�F0<<0G�� ���0�=H	�� 
� ����	S =��	��� =HE	��
 
�
� �		�� 
F�	���C 	�
G
��� 0F�

�0���
��5�
��� !
�
��C		��0�����3�"%&3!��3��
��� 4&�!�
G���������
�����<
D0=�� 0F���
��=H	��
-��0�
� �=���0���	�
�<
-�F0=��
��0�� �	�
�<
-��
E<	 ��<
�� �

J<
�	�
<0��G��C��
E<	��<
��
�
���
<<��	�
�<
�H	���0�	������C�
�
J	��F��
��0���
 �� �0���0<���C	H
����!�
��
H�
<0���G��C���0=J����0F���FF	�	����	�H��
<
�F0���
��0=
�F=����0�
��
"�� �
�
<0�=	�
 ����	�C ���
<���F0�H
��0�� F0����
��= H	��
�
����	���	
�G��C�
	<	 ��	��0J��0� 
��<	
�< D�

H
�O	���
%���P�� �
�=
<
��
��� £&
�#=�<�¡�!�
G�����
'���!
� �

<��� ������*�������
���*�

'��� �
�	<�G��C�
<<� ��
��=H	��
�:� �	���	
�H0=��	��0�� ����
C
<<�E	�
=��
E<D�J
�O	��P� J�0�	��	��F0�� �C	�	����	�
J	��0��0F��	
J
��C-�
�0�
�	�
���	�	���0��
�
��
���HJ
��-�
E�

�0�-��0��0

�0�-������	��
<��
H
�	��=	�
�0��	�H��-�
=�<��C�-�C��C��	HJ	�
�=�	-��
���H0�
�=�	-�C=H����D-��=
�-�
	
3G
�	��
J�
D�1GC	�	�
JJ<��
E<	2�


�G	<<�

��0=�C�C
��<����
����	<
D
������
�
���
���
�0�
�	����0J	���

=��� �����
���	��������		��������
� �C�
��0�=H	���
C
<<�E	��	
��G��C�0�	�0��H0�	�0F��C	�F0<<0G�����
�
�
C		��F0�H
�5�
�

� 3�� !
�
�
C		��&P#�F0���0�
<��
�	<
� � 5� !
�
�
C		���0�����3�"%&3!��3��
� 3�� !
�
�
C		����F0���0�
<��
�	<
� � � 5� !
�
�
C		���0�����3�"%&3!��3��
�



�

�������		��������
������	����

�����)��&��������5���3��3+++3�"%3�%"&�

6�������

���������

��6������ ��� !&��5�����+���� �

�$����� ���) �  
�&4��0��IIII��@�D�������������������� !
�
��C		���0�5��	�"(':�"��("�������

�.2.��>,,2���6���
�

!&�&��$���3&�)������&���&����
(TO BE FILLED BY PURCHASER) 

�

�
!&�&��$���3#�

1���#��)����!3���#,�
#�!!��2�

�
�

)�
�

�
��

�
���

�
�

3�
��

�3
��

��*	�	���� �&��)&������� � �

�

�������������
���)��!�!���� � ��.��!�!��

1&
�J	���	S=��	H	����!�2��

�

�����������$�����$��>�����

)����� �����HH�

��$��� ������HH�

!���� ������HH�

�
$��4$�� ��� �%�HH�F0��
�
���
<0�	�J
�	<
���������C	���IIII�

��$��� ����0
��E	
�����
C		��F�0���
C
<<�C
�	� HH��C��O�	

��

�	
���
���

��������.��������,�7��

�
1&�,���$�����.�����@���������
����#��!���6�!�)�����$��������,����,2�

���"�6�%��$R�&����� ������6�!����������

��"�%6� ��$&��� .�����"�%6� ��$&���".��

�

� �����)�)��!���� ������ �� ����.���� �

�
��&�����.��$�����

1�$��>�.��$��&�B:����2�
����@����!� ���������@����!���

�

� ��������������
������ �� ������&,��&���� �

� ����&����&���4��)����&,� ��%�&HJ-�� ��6�&�� ������%�&HJ-����6�!�� �

� �������������,�

������6�&����� � ������6�&����

�����6�!�� � ����C	���

1&
�J	���	S=��	H	��2�

�

�
&�&���&������&����.��!�.��

1�B���!��4���&���2�
�LLLLLL�����1&����@����!2�

�

�
�������&�������

1�)���@����!�K�����)��$&���������#��
�������)��!���!������3��2�

�

����@����!� ���������@����!���

�

� �&�����,���
������B,���&���� ���� ��

������B,���.!�����&��!�� �

�

� ������1�,����)������3��&���&��-��$��>����
���#�������)��!�!����4�!��&���!���44��2�

����@����!� ���������@����!��� �

� �&�����������1�B����&�2�
�����4$��4��,�1�C
�	��� ����3%2�

����&�����4�����1�C
�	��'%2�����

�

� )����$�1�B����&�2�
���&���� �

����4����,� � ��������4����,�

�

� �&�����������1������&�2�
����.$���� � �����&����

����))�.$���� � �

�

� )����$�1������&�2�
�����&���� �

����4����,� � ���������4����,�
�

� ��&����)������������
������3"���1)�����!�������6���2�

������3%%�1)������!�������6���2�����&�,�
��$���

�

� ��������$&�!.&��� ������&,�#&��!� �



�

�������		��������
������	����

�����)��&��������5���3��3+++3�"%3�%"&�

6�������

���������

��6������ ��� !&��5�����+���� �

�$����� ���) �  
�&4��0��IIII��@�D�������������������� !
�
��C		���0�5��	�"(':�"��("�������

�.2.��>,,2���6���
�

!&�&��$���3&�)������&���&����
(TO BE FILLED BY PURCHASER) 

�

�
!&�&��$���3#�

1���#��)����!3���#,�
#�!!��2�

�
�

)�
�

�
��

�
���

�
�

3�
��

�3
��

� )���!&�����&��&�4������ ���)���!&�����#����������&��$���
)&��������

�

� .��4$���)��&����1>��2� IIIIIII��16	��0���0�
J	��FD�2� �

� �&�����,���
�������������!� ����������������!���

&
�J	���	S=��	H	���

�

� �&#���4�&�!� ����!��#����������������� �

� &�������1�,����)������2�7� �����&HJ��������������������������"3���H&� �

� �������)������6������)����
���������P�������������4� ��&�����&#������������������������&� �

� 7�����#����3��!��&��!�.��$�������������&�� �

� ��	���	����� 
�	
�	����� �����&	����� ����&�,���&��

�&��� &&��$&���$��!$&�,� �&�$������6&��&6&� �����������������&��&������� �&��5�

!���4�&�����
�

�����4��
��������

��������!,���4�� ���������������������!��4�� �

��4�&�����
�
�
�

�� ��4�&����5�

!&���
�
������������������+���� �
������

�������������+���� � �����������������������+���� � !&��5�



�

�������		��������
������	���

�����)��&��������5���3��3+++3�"%3�%"&�

6�������

���������

��6������ ��� !&��5�����+���� �

�$����� 3��) � 3
�&4��0��IIII��@�D�������������������� !
�
��C		���0�5��	�"(':�"��("�������

�.2.��>,,2�
�
�

!&�&��$���3��)������&���&����
(TO BE FILLED BY CONTRACTOR AFTER AWARD OF CONTRACT) 

�
�

)�
�

�
��

�
���

�
�

3�
��

�3
��

*	�	���� �&��)&������� � �

�

�������������
���)��!�!���� � ��.��!�!��

1&
�J	���	S=��	H	����!�2��

�

�����������$�����$��>�����

)������

��$����

!�����

�
$��4$���

��$����

�	
���
��� ��������.��������,�������� � �

� �����)�)��!���� � �

� ����&�����&���4��)����&,� � �

� �������&����� � �

� �������������,� � �

�
&�&���&������&����.��!�.��

1�B���!��4���&���2�
�

�

� �&�����,��� � �

� �&�����������1�B����&�2� � �

� )����$�1�B����&�2� � �

�

�,����)��������

�&����&���)������

�$��>������)�������

� �

� �&�����������1������&�2�
� �

� )����$�1������&�2�
�

�

� ��&����)������������ � �

� ��������$&�!.&��� � �

� )���!&�����&��&�4������ � �

� .��4$���)��&����1>��2� � �

� �&�����,��� � �

� �&#���4�&�!� � �

� &�������1�,����)������2� � �

� �������)������6������ � �

� ��	���	����� 
�	
�	����� �����&	����� ����&�,���&��

�&��� &&��$&���$��!$&�,� �&�$������6&��,&6&� �����������������&��&������� �&��5�

��4�&����� �
� �� ��4�&����5�

!&���
���
��������������+���� �
��������

����������������+���� � �������������������+���� � !&��5�
�



 
 
 
 
 
 
 
 

J.APPLICABLE   
 

                             CODES  
 

&  
 

STANDRARDS 



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"�('�
�

�
�

�D
�	H�J
����=<
�
�
�	�

�F0<<0G
5�
����������������������

�-0+31./3!.23045�������������������
�

��� &<<�	 S=�JH	���
= JJ<�	��
� 
��
��� C�
� 
J	��F��
��0��
C 
<<�E	�� ��	��� �0J��
<�P �
F=������
<���	
�H	��������	G�0F��C	�
	�	�	��<�H
�����0�����0�
�J�	�
�<����
��
��	�

�
�	
���E	��=��	��J�0�	����
�
��

�
���� ��0J��
<�J�0�	���0��
C
<<��0�F0�H��0���5 ����	����<	��¤�<�H
�	���00F����0F��<	�����
<�

�S=�JH	��¤�0� �# �5��3���"5�+� �	� ���<	��¤ ��0�	���0�� �0 F�� <	�����
<�� 0G	��
�S=�JH	����&�
��
����<�H
�����0�����0�¤���

�
4

	
�
���F=H	
� �=<JC=���� 09��	�
��: 0��� ��09��	�F =H	
� H�<�<D��J� 	
	����� <�H
�	�� 
���

��0J��
<��0��=����	��0�F=��=
���0G�C��
�

!=
��J
����<	
�� $	
��<D��=
�D�G��C�
E�

��	��=
��
����0
<�J
����<	
�0F�
�R	�%��0�����
H���0�
�J�	
	�������C	�
�H0
JC	�	����<
��	�S=
����D��

�
(��=���� 
��	����������������
����������������������������������������������
(��=��(� &<<�� �	S=�JH	��
-���
D 
�	H���
����
	 ����	���0 �	�	����=��	� ���� C�
� ��
J 	��F��
��0���
C 
<<�

�0HJ<D�G��C��C	��	S=��	H	��
�0F���C	��<
�	
����
 �
�=�	
����	�=<
��0�
��
����

F	�D��0�	
�

��

JJ<��
E<	��� ���� C	� ��< 0�
<��D��G C	�	��� C	�	 S=�JH	��
:
D
�	H
� G�<<�E	��� �
�
<<	���� � �C	���
#���	��
C
<<�F=<<D�
�S=
����C�H
	<F�G��C��C	
	��	S=��	H	��
�
�����
C
<<�	�
=�	��0HJ<�
��	�
G��C��C	H��

�
�C	�	S=�JH	��
-�
D
�	H
�
���
	����	
�F=���
C	��

�J	���C�
���
J	��F��
��0��
C
<<��0�F0�H�
�0��C	��0�	
�
���
�
��
��
�H	���0�	��������<���0�����(����0F��C�
��	���0����$0G	�	������C	�
	�	��� 0F� 
�D� �0�F<���� E	�G		�� � � �C	� �	S=��	H	��
� 0F� �G0� 
�
��
��
� 0�� E	�G		�� �C	�
�	S=��	H	��
� 0F���
�D � ��
� 
��
�����
���� C�
� ��
J 	��F��
��0�-�� C	���H 0�	�
� ����	�����
�	S=��	H	��
� 
C
<<� 
JJ<D� =�<	

� �0�F��H	�� 0�C	�G�
	� ED� �C	� �G�	�� � � ��� G�������� � �C	�
�	��
�0��0F��C	��G�	��
C
<<�E	�F��
<�
���E������������
<<�
=�C��

	
��

�
�C	��#���	�*
� �
�0J	�0F�
=JJ<D�
C
<<� ���<=�	�
0H	� ��	H
��
=�C� �

� � � �C	�H0G	<<
-� �
���
0�C	��� �3<��	��	� ��	
� �F 0���H 
�����
� 	
H-��C0� �� �	C	
�-��0 <�� �	C	
�-�� F		��G
�	��
D
�	H�
F
<<����= ��	���� �C	�J= ���	G�0F �� ���
��# 0�<	��� 	�=<
��0�� 1�#�2�& ����� �� �� 
C
<<�E	���� C	�
�	
J0�
�E�<��D� 0F� �C	� #���	�� �0� 0E�
��� �C	� �	�	


�D� 
JJ�0�
<� � � 0F� �C	� �0��	��	��
��
J	������& =�C0���D:�C�	F�� �
J	��0��0 F�# 0�<	�
� � � F0�� �C	��	
����
����	 
�����
 <�=<
��0�
�

���H
�=F
��=�����
���	�	���0��J�0�	�=�	
�

��
<<	��F0��=��	���C	��#��
���F0��
<<���	H
�
�	S=������
=�C��	���F��
��0�
������
�
�C	��	S=��	H	��
�0F�
�
�=�0�D�
=�C0����	
�1	�������)-���
J	��0�
�0F�F
��0��	
-��#�-��&�-�
#��-�� ��#:����#�	� �2�G ��C�� 	�
��
� �0�� 
��0=
� J<
��
� 
�	

� <�O	�� 
���J< 
��-�)=	< �0� <�
J<
��:
D
�	H-��C<0���
��0���<
��-�)��	�)��C�����
D
�	H-��H�

�0���	

=�	H	��-�&HE�	���
&����0���0�����
D
�	H�	����
C
<<�E	��0HJ<�	�-�	�	���F��0��
��=
<<D�
J	<��0=���

�
(��=���� �,@,-,41,�
0Z,!�.4Z��2.4Z.-Z!�
�

�C	��	
���-�� H
�=F
��=�	-��� �
J	���0�-�� �	
����-�
��	��
 <�E�
��0����
 ����� �
�
<<
��0��0 F�
< <�
	S=�JH	���
���
D 
�	H
��0 �	�	��=��	� �� C�
� ��
 J	��F��
��0���
C 
<<��0 �F0�H�� 0�� C	�< 
�	
��
	����0�
� 0F��0 �	
� �
�����
� 
��
��
� �H 	���0�	��E	< 0G�
���
< <�0� C	��
JJ< ��
E<	��& ���-�



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"�(:�
�

�
�

&���-�����-����-����&-���&-�!��-�6!�-��)�&-����-���&-���&�
�������
����
��
��
�

����C	���	S=��
<	��
��#���	���0��0�	��C
������0��

	-����:H
�=F
��=�	�
�0G��
�
��
��
�

C
<<�E	�
��	J�	����
�

(��=�����(� �,V+,-.2O-,��,.!O-,V,42�
�

��� �	�F0�H
��	��	
���0�	�F0���	HJ	�
�=�	�H	

=�	H	���&�����������+� �1�+'"�K�
���++(2�

���� �	HJ	�
�=�	�H	

=�	H	���3��C	�H0�0=J<	
�&���3���+����K��+(�-�����%("�
 ��� �	HJ	�
�=�	�H	

=�	H	���ED�	<	�����
<��	
�
�
��	��C	�H0H	�	�
�3���3�(����
"��� �C	�H0H	�	�3	<	H	��3J<
���=H��	
�
�
��	3��3�("(-�����'%�:!���" '���
%�� ��!�!	
�����0�	�K�!��������'%�5�++�-�#�������'%��5����(�
��� �C	�H0G	<<�!	
�����0�	�K�&���������+� ��.�K������
�

(��=������� �-,!!O-,��,.!O-,V,42�
�

���� �	�F0�H
��	��	
���0�	�F0��J�	

=�	�H	

=�	H	���3�&�����������+���1����2�
���� #0=��0���=E	�J�	

=�	�
����
�==H��
=�	
�3���� ��"-���� ���-�&����#�"����
� �

(��=�����)� 	/,12-0431�V,.!O-345��4!2-OV,42!�6�
042-0/�>.-Z[.-,�
��� &=�0H
�����=<<�E
<
������	<	�����
<�H	

=�������
��=H	��
�3�� �&������ +�"�1�	���

�+' 2-����+ �+�
��� �
F	�D� �	S=��	H	��
� F0�� 	<	�����
<� 
��� 	<	���0���� H	

=����� 
��� �0���0<<����

��
��=H	��
��0��3�&������ +�%�3��+'"��
 �� �0HJ
��E�<��D� 0F� 
�
<0�� 
���
<
� F0�� 	<	���0���� ���=
���
<� � � J�0�	

� ��
��=H	��
� 3�

��&3��%���5&������������3��+'%��
"�� !D�
H��� �	
J0�
	� �	
����� 0F� J�0�	

� �0���0<� ��
��=H	��
��0�� 3� &���� ��� "���

1�+'%25���&3����1�+�(2��������
%�� �=��	�G ��C
�
����
J
E�<��D�1 �.�2�� 	
�
� 3�&������ '�+�&� 1�+'"2����������� "'��

1�+'"2������K��%%�"��
��� �����	������=���E0
��
�3�������3�%�-����� �����
'��� 4	�	�
<��	S=��	H	��
�
�����	
�
�F0��J����	��G������E0
��
�3����'"�%�1�
��3�2�3��+' �
(��� ���	�
0�O	���0��	��0�
�3������ �3����
+��� �	S=��	H	��
���
���H 	�C0�
�0F��	
�����0F��� G��	���G�
J�� ��	�H��
��0�
�!���"�����

�
��3���
������ !�H	�
�0�
�0F�
��
�CH	���J<=�
�P��	�	J�
�<	
�&�����' 3�+' ��
���� !��	���
�������<	�����
<������
�������
��=H	��
5���3��"(3�+�(��

(��=�����'� �4!2-OV,42��[321>,!�.4Z�
042.12!�
�

��� �0��
����
�����3�&��
	����	
����&������
��3����%-�&����
��� �0��
����
�����3�!��
	����	
����&������
��3�3��%-�������
�

(��=�����:� ��
����6�02>,-�
042-0/��X!2,V�
�

��� &JJ<��
��0��0F��
F	�D���
��=H	��	���D
�	H�K�&���:��&�("�����++��
��� )=����0�
<��
F	�D�3��
F	�D���
��=H	��	���D
�	H�F0����0�	

��	��0��K�����K��

� � ���%��



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"�(��
�

�
�

 �� �����&JJ<��
��0��4=��	�F0��!�
���E=�	��!����
<��0���0<��0���0�����F0���0G	���<
���
K��������"��

"�� )0

�<�)=	<��0G	���<
�����	
H��=�E��	�#DJ


��D
�	H�K�&���:��&�K�''�� ����
%�� $=H
���D
�	H����	�F
�	�!	
�����	��	G�4=��	�<��	
�K�����4�K�'���
��� &��=���
��0���	S=	��	�
����J	��F��
��0��K�&���:��&��(���
'�� £�������%�-�������=��	�F0����
��=H	��
��0��P��0���0<�
D
�	H���0=����������

� � �	�	�
�����
�
��0�¡-�
(�� &���:��&3''�""���3���'�3�)0

�<�)=	<��0G	���<
���3���	
H��	HJ	�
�=�	��0���0<
�
+�� &���:��&3��''�����%3�����1 ����'2� 3�)0

�<�)=	< ��0G	��� <
���$=H
�3�
�C��	�

���	�F
�	5��

O�&�
<D
�
�
���� &���:��&3''�"����3�+++� 1�����2� 3� )0

�<� )=	<� �0G	�� �<
��� )		�G
�	�� �0���0<�

�D
�	H�K�!�=H3�DJ	�
���� &���:��&3''���3�++ �1����%2�3�)0

�<�)=	<��0G	���<
�����H=<
�0�
�3�)=����0�
<�

�	S=��	H	��
�
���� &���:��&3''�"����3���%�3�)0

�<�)=	<��0G	���<
���#0�<	���0HE=
��0���0���0<
�
� �� &���:��&3��''������3�����1 ����%2� 3�)0

�<�)=	< ��0G	��� <
���$=H
�3�
�C��	�

���	�F
�	5�&<
�H
�
�"�� &���:��&3''�'�3�++"�1 ����%2� 3� )0

�<�)=	< � �0G	��� <
���� �
��=H	���� �J����

��
�
<<
��0��
�%�� &���:��&3��''�����"3�++��1 ����"2� 3� )0

�<�)=	< �� 0G	��� <
���$ =H
�3�
�C��	�

���	�F
�	3�<	���0�������		��!�
J<
D
�
���� &���:��&3''�" ���3�++"�1 �����2� 3� )0

�<�)=	< � �0G	��� <
���� ���:�<
��� !	H
���

!	�	<0JH	��3!�=H��DJ	�
�'� &���:��&3''�� ���3�+++� 3� )0

�<� )=	<� �0G	�� �<
��� ��	
H� �=�E��	� #DJ


�

�D
�	H�
�

(��=������� 	/,12-0431�
.-Z!#��O^.!!,V^/3,!�.4Z�
0V+04,2!��
�

2� ��J
�O
�	��

�
�2� 6�E�
��0�� 5� ���3�(�����
��2� �C0�O� � 5� ���3�(����'�
���2� !�0J�P��0JJ<	�5� ���3�(��� ��

�
E2� �
�O
�	��

�
6�E�
��0�-�!�0J�P���
�����0HJ�	

�0��� 3����&�

�
� � �2� �<	���0H��	�����0HJ
��E�<��D�
�

�2� �<	�����
<�)

����
�
�	��� � 5� ���3(���"�
��2� �=��	�.��C
�
��� � � 5� ���3�%%�"�
���2� �
��
�	���<	���0H
��	����)�	<�� 5� ���3(��� ��
��2� �<	���0
�
����!�
�C
��	� � 5� ���3(�����
�2� �<	���0H
��	�����H�

�0�� � 5� 6!���('�-��<


�#�

�
(��=�����<� �����X!2,V��
�1042-0/�+0[,-�!O++/X�!X!2,V8�
�

������ ��
����	
� ��
������ 	S=��	H	��
� F0����
	 H�3�0��=��0����J0G 	����� 	���F�	�
� 3�&����
� "��3�+' ���



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"�(<�
�

�
�

������� �	<
D
�
����	<
D�
D
�	H
�


0��
�	��G��C�	<	�����
<�J0G	����
JJ
�
�=
�3�����������
 �� -�&������ '+�3�+( ������������ �

 �� �=��	�G��C
�
����
J
E�<��D��	
�
�3�&����� '�+�
3�+'"���������������"'��3��+'"�
"�� �	�0HH	��	��J� 
����	� F0��
� R����< 
��	� <	
�� 
�0�
�	�E
� �	��	
� � � F0�� �	�	�
�����


�
��0�
�P�
=E
�
��0�
�3�����3"(%��
%��� �	�F0�H
��	��	
�����0F�����3������"���
��� �������"�� K��� 4	�	�
<�P��
F	�D��	S=��	H	���0F������
'�� �������"�3��� 3� ����K������	S=��	H	����
(�� �������"�3 � 3� ����K��	�C0��0F�
J	��FD�����C	��

J	�F0�H
��	�
����	
���	S=��	H	����
� � +�� ��������+3�� K��� �
����=JJ<D�)=
	��
� � ���� ������+"'� K��� ���#��
� � ���� ���:������� �K��� #&���������
� � � ����"(%:�������%�
� � � ���5���+�(-����5����+�
� � ���� �������"�� 3� )0��!��
D
�	H���

(��=�����=� 
042-0/�&./Y,!�
�
���������� �� ������ �0���0<�6
<�	�
�R����3����0HJ�	

�E<	�F<=��
�3���&�� +����3��+'���
����������� � ������ �0���0<��
<�	�
�R����3��0HJ�	

�E<	�F<=��
�3���&�� +� ��3��+' -���&�� +�"�3��
� � � �+'"��
����������� �  ����� )
�	��0�F
�	���H	�
�0�
�0F��0���0<��
<�	
�3�&����#�������

�2� ��&�$
���E00O�0F��0���0<��
<�	
�3���#��#��"'3�('��"3� "3���
�2� 6
<�	
�3�F<
��	�-��C�	
�	��
���G	<�����	���5�&����#���� "1���+2�
 2� �

�����5�&����&�����:�&� %��1���(2�
"2� .	<�	��	����0��	���0��5�&
�J	��&����E0�<	��
���J�	

=�	��	

	<��

�0�	�:�&����#���� "1���+2-�#����%�1���+2-�#������1���+2��
%2� !	F	����	H0�
<5�&����#���� "����+��
�2� �<	
�����5�&����&� (��������
'2� �6��	
��5�&
�J	����&�J�0�	�=�	���'%����1���(2��
(2� �0���0<�6
<�	�
	
��<	
O
�	�5�&���:)���'����

(��=�����;� 	41/0!O-,!�
�

��� �DJ	
�0F�	��<0
=�	
�3����&����������3�3�����%��C�0=�C����������1�DJ	�"��0�� 2��
��� �
�O
-�J
�	<
-�
���


0��
�	��	S=�JH	���3���&5����3 ��3#���1&�����( �+�3��+'�2�
 �� ��0�	���0���<


�F0�����<0
=�	-��
E��	�
-��0���0<��
�	<
�
���!	
O
�3� ��3� +"'3

�+�����
�� � �
(��=����(�� �++.-.2O!#�,41/0!O-,!�.4Z�34!2.//.2304�+-.1231,!�34�>.].-Z0O!���.-,.!�
�

��� �<


�F��
��0��0F�C
R
��0=
�
�	
�3��)�&�&�����%��-�60<�'�3�+("��
���� �<	�����
<���
��=H	��
����C
R
��0=
��=
���<0�
��0�
�3���&3���������
 ��� ������
��
<<D�

F	�
JJ
�
�=
�3��)�&�&���"+ �60<�"��+'(�
"��� �=��	��
���J�	

=��R	��	��<0
=�	�F0��	<	�����
<�	S=�JH	�������C
R
��0=
�<0�
��0��

3��)�&�&����"+���+(����
�
�(��=����((� �.V+/345��X!2,V�
�



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"�(=�
�

�
�

��� ��
��<	

�
�		<�H
�	��
<�0F��=E����
����
<�	
�F0��

HJ<�����
D
�	H�3�&����&��+3
(��4���� ����

��� �=EH	��	��C	<��
<��0�<�C	
��	9�C
��	�
�F0��

HJ<	��00<	�
�&����!���3+(��
� �  �� .
�	��
�����	
H����J0G	���D�<	�3�&���������+���1���(2��

"�� ��
��
���H	�C0�
�0F�

HJ<����
D
�	H�3�&����!�����3�+��

(��=����(�� �44O413.20-!�
�

��� �J	��F��
��0�
�
����=��	
�F0���C	�=
	�0F��	�	�
<�J=�J0
	�
��=���
�0�
� 3� ��&����
�(��3�+'+��

���� �=��	�G��C
�
����
J
E�<��D��	
�
�3�&������ '�+�
�3��+'"�
��������
����"'�3�+'"��

(��=����()� �42,-/01W!#��-02,12304!�
�

��� �	<
D
� 
��� �	<
D� 
D
�	H� 


0��
�	�� G��C� 	<	������ J0G	�� � � 
JJ
�
�=
� 3� �����

��� �� ��

��� �=��	�G��C
�
����
J
E�<��D�� 	
�
� 3�&������ '�+�
� 3��+'"�
���� � ����������"'�� 3�
�+'"��

 ��� 4	�	�
<�� 	S=��	H	��
� P�� 	
�
� F0��
G ���C�����	� ��	
� F0�����0 ���0<�
���
=9 �<�
�D�
����=��
����<=������0��
��0���	<
D
�3�����3�('%�1�
��3�2��+' ��

"���� �=�E��	�G
�	���
H
�	�J�	�	���0��3�&����3��!�3�+(�����
%��� #0�<	��

F	�D����	�<0�O
�3��)�&��	���0��(%#-�(%!-�(%�-�(%)-(%4��

�
(��=����('� �-01,!!�
044,12304�.4Z��3+3458�
�

��� �0�	
�F0��J�	

=�	�J�J����J0G	��J�J����&����# ����
��� �	
H<	

��
�E0��
�		<�J�J	�&����&3�����
 �� )0��	��
���� 0<<	��& <<0D�
� 		<�J� J	�F <
��	
-� F0��	�� F������
-�� 
<�	
� 
���J
� �
� 3�

&����&3�(���
"�� �
�	��
<�F0��
0�O	��G	<�	��F������
�3�&����&3��%��
%�� �	
H<	

�F	����	�
<<0D�
�		<�J�J	�3�&����&3  %��
��� ��J	�F������
�0F�G�0=�C���
�E0��
�		<�
���
<<0D�
�		<�3�&����&3� "��
'�� �0HJ0
���0��E�0�R	�0��H	�
<��

����
�3�&����#3����
(�� �	
H<	

��0JJ	���=E	-�E���C��
��	
<	��&����#3��(��
+�� �	
H<	

��0JJ	���=E	�3�&����#3'%��
���� !�H	�
�0�
�0F�F������
�3�&����#3������

� � ���� 6
<�	
�F<
��	��
���E=���G	<�����	��
�3�&����#��� "��
����� �0H	��<
�=�	�F0����
��=H	����=E	�F������
���&3��3"����3��+(���

�� � �
(��=����(:� �4!2-OV,42��O^345�
�

��� �	
H<	

��
�E0��
�		<�J�J	�3�&����3�&�����
���� �
�	��
<�F0��
0�O	��G	<��F������
�3�&����3�&��%��
 ����� !�H	�
�0�
�0F�F������
�3�&����#������
"�� �0�	�F0��J�	

=�	�J�J���-�G	<����-�CD��0
�
�����	
������3���&����# �����

(��=����(�� 
.^/,!�
�

���� �C	�H0�0=J<	�	9�	�
�0��G��	
:�
E<	
�3�&������+����3��+(���
������ �0<0=���0�����0F�
���<	�0��H=<��3J
����
E<	
�K�6!���(�%��



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"�(;�
�

�
�

 ����� 4=��	�F0���	
����
���� �
�
<<
��0��0F��
E<	�
D
�	H
����J0G	����� 	�	�
�����
�
��0�
�
1��
=<
��0�-���
�O	���H
�	��
<
2��3�������������"���3��+''���

"���� �	S=��	H	��
�0F��	����
<���
D�F<
H	��	
��3������ ( �3��+'"��
%����� ��
��
��� 
J	��F��
��0�� � F0�� ����	��
0 F��0� �
��	
 <	����0 JJ	����G ��	� F0��	 <	�����
<�

J=�J0
	�3�&����#3  �3�(���
��� �9D�	�����	9�
����	HJ	�
�=�	����	9��	
��3�&����!3�(� ��
'�� �H0O	��	�	�
��0���	
��3�&���!3�(" �
���&����3�����
(�� &�����

��	�	�
��0���	
��3����3'%"3���
+�� �G	��
C��C�H�	D��	
��3�����3�"�"�"'%�1) 2�
���� ��
��=H	��
��0���
 E<	
�
���� ��	��
<�G ������� �3�%%"�1 �
��3�-��+'� 2� 
���� �3

%( �1�+("2��
���� ��
��
���F 0�� �0���0<-� �C	�H0�0=J<	�� 9�	�
�0��
��� �

��
��=H	��
��0���
 E<	� 3� ���&�. �%'3���"�
���&��3' 3% �-��	����-����"2

� ���� �6����
=<
�	��1C	
�D��=�D2��<	�������
E<	
�F0��G0�O�����0<�
�	
�=J�0�
����
�

� � ���<=���������6��3���5�%%"�1�
��3�2�
� � �0��=��0�
�F0����
=<
�	��	<	�������
E<	
�
���F<	9�E<	��0��
��3���5(� ��
�"� �6����
=<
��0��
���
C	
�C�0F�	<	�������
E<	
�3���5%( ��

����� � �%�� ��<��
�		<�G��	
-�
���J
�
����
J	
��0J�
�H0������
E<	
�3���5 +'%�
���� .
�	���HH	�
�0���	
��3�6!���(�%�
�'� !�=H
�F0��	<	�������
E<	
�3����5���"(�

(��=����(<� 
.^/,��-.X!#�
04ZO32!�
�

����� 4=��	� � F0�� �C	��	
����
��� ��
�
<<
��0��0F��
E<	� �
D
�	H
�� ��� � �J0G	�� ��	�	�
������

�
��0��1�
E<	����
D
-��
=JJ0����
D
�	H
-����0��=��
2�3�����������"��-����&�6�3�-�
�)�&3'�3�+("��

������ 4=��	� � F0�� � �C	��	
����
��� ��
�
<<
��0��0F��
E<	�
D
�	H
�� ��� � �J0G	�� ��	�	�
������

�
��0��1�
E<	����
D
-��
=JJ0����
D
�	H
-����0��=��
2��	
����
��
��
-����&�6�3��3�
�+'+��

�� �  ��� 4
<�
��
����0F��
�E0��
�		<��
E<	���
D
�3�&����&3 (�3'(���

(��=����(=� �/0[�V,.!O-,V,42� �
�
� ��� &�����	�F0�H
��	��	
���0�	����3�+�%�1���"2-���&��� ���
� ��� #����"��
�  �� ����%��'� �
� �
(��=����(;� �O-5,��-02,12304��X!2,V�
�
� ��� �=��	�G��C
�
����
J
E�<��D��	
�
�3�&����� '�+�
3�+'"����������������

"'��K��+'"�
� ��� �������" 3�5�++(3����
�����!���6!����'%�J
����5�++�3� :&�5��++�3���
�  �� �������" 3��5����3�+�
�����6!���("%�J
��� 3�5�+++3�'�
� �
(��=������� �3532./�&3Z,0��,10-Z345�6��.4.5,V,42��X!2,V���&������

�
��� ����+����1����2�
��� ���:����%%�"��	�	< �0��C��C	��1�����������0F�G
�	���0�	

� �HJ�0�	H	���
���

�
J
E�<��D�!	�	�H��
��0�2�



�	�	������������������������������������������������������������������������������������&0/"&�8��4!2-OV,42.2304�6�
042-0/��0-W!�
�

�
�
�

��9������.����������;��=J	�������
<��C	�H
<��0G	��
��0�	���
��&
C�!DO	�0F��������

�J	����0����:�:�P�:��:�:����0�� :��� 3�"�
�

Vol. V /�>,,2�"����
�

�
�

 �� ��������	�	< �0� �C��C	��1&H	���
���0F�G
�	������		����� ��
���=�	� 3��
J
E�<��D�
�
�=���D��0�	<2� �

� � �
.C	�	5�
�
�2������3���
���=�	�0F��<	�����
<�
����<	���0���
������		�
��
��2���&�3���
��=H	��-��D
�	H
�
���&=�0H
��0���0��	�D�
���2����&�3��
��0�
<��<	�����
<��
�=F
��=�	�
�&

0��
��0��
��2�&����3�&H	���
���
��0�
<���
��
��
���
���=�	�
�2��)�&�3��
��0�
<�)��	���0�	���0��&

0��
��0��
��2�&����3�&H	���
���0��	�D�0F��	�C
���
<������		�
�
���2����3�����
����
��
��
�
����2�����3����	��
��0�
<��<	���03�	�C���
<��0HH�

�0��
�92�&����3�&H	���
���0��	�D�F0���	
������
�	��
<
�
92���&�3��<	���0�������=
���	
�&

0��
��0��
9�2�!���3�!	=�
�C	���
���=�	��0�H
<	�
9��2���&�K��	<	�0HH=���
��0�����=
���	
�&

0��
��0��

�



 
 
 
 
 
 
 
 

I.SPECIFICATION 
 

                                 FOR  
 
                   QUALITY ASSURANCE 
 
                                   &  
 
                              TESTING  



STANDARD CHECK LIST FOR C&I INSTRUMENTS (for Maux Pkgs)

Sl. Test / Checks Quantum Reference Doc. / Remarks
No. of check Acceptance Norms M C B

1 CHECKS FOR

VISUAL.
MODEL/TAG No

2 PROCESS CONNECTION P W V
3 ACCURACY P W V
4 REPEATABILITY P W V
5 HYSTERESIS P W V
6 EFFECT OF TEMP VARIATION 

ON ACCURACY
P W V

7 SPAN / ZERO ADJUSTMENT P W V
8 EFFECT OF SUPPLY VOLTAGE 

VARIATION
P W V

9 EFFECT OF LOADING (500 OHM 
METERS)

P W V

10 HIGH PRESSURE TEST SEE NOTE-1 
BELOW

P W V

11 BURN-IN TEST P W V
12 DEGREE OF PROTECTION P W V
13

ACCESSORIES AS APPLICABLE
SEE NOTE-1 

BELOW
V V V

Legend :
 ** M = Manufacturer / Sub-contractor, C = Contractor / Nominated Inspecting Agency, B =  BHEL,
     P = Perform,  W = Witness, V  = Verification

Note :
1.   Quantum of check shall be as below :
      100 % - By Manufacturer
2.   Manufacturer to maintain calibrated instrument having better accuracy than the item
      under test. Inspecting engineer shall check the same. 
3.   When material corelation are not available manufacturer's compliance to be provided.
4.   Contractor to provide compliance certificate for tests/checks verifid by contractor and 
      submit the same alongwith test certificates to be verified by BHEL.

APPROVED SPEC./ 
DATA SHEETS

SEE NOTE-1 
BELOW

ONE / TYPE

ONE / TYPE

CHECK LIST FOR TRANSMITTER

Agency **

P W V



STANDARD CHECK LIST FOR C&I INSTRUMENTS (for Maux Pkgs)

Sl. Test / Checks Quantum Reference Doc. / Remarks
No. of check Acceptance Norms M C B

CHECK FOR
SENSOR TYPE
DIAL SIZE
MODEL NO/TAG NO
RANGE/SCALE
SWITCH CONTACT RATING & 
NOS.
END CONNECTION
CALIBRATION 
ACCURACY
REPEATABILITY
SET POINT ADJUSTMENT

3 OVER PRESSURE & LEAK TEST P W V

4 OPERATION OF PRESSURE. 
RELIEF DEVICE

ONE P W V

REVIEW OF TC FOR
MATERIALS OF SENSOR
MOVEMENT
PROCESS CONNECTION
HOUSING

6 REVIEW OF TC FOR DEGREE 
OF PROTECTION

TYPE TEST V V V

7 ACCESSORIES AS APPLICABLE SEE NOTE-1 
BELOW

V V V

Legend :
 ** M = Manufacturer / Sub-contractor, C = Contractor / Nominated Inspecting Agency, B =  BHEL,
     P = Perform,  W = Witness, V  = Verification

Note :
1.   Quantum of check shall be as below :
     100 % - By Manufacturer
2.   Manufacturer to maintain calibrated instrument having better accuracy than the item
      under test. Inspecting engineer shall check the same. 
3.   Manufacturer to carry out ROUTINE TEST on 100 %.
4.   When material corelation is not available, MFR's compliance to be provided
5.   Contractor to provide compliance certificate for tests/checks verifid by contractor and 
      submit the same alongwith test certificates to be verified by BHEL.

Agency **

5 FOR LOT V V V

2 P W V

1 P W V

APPROVED SPEC./ 
DATA SHEETS 

SEE NOTE-1 
BELOW

CHECK LIST FOR PRESSURE & DP GAUGE



STANDARD CHECK LIST FOR C&I INSTRUMENTS (for Maux Pkgs)

Sl. Test / Checks Reference Doc. / Remarks
No. Acceptance Norms M C B

CHECK FOR 
1.1 MODEL NO/TAG NO
1.2 RANGE
1.3 END CONN
1.4 NO. OF CONTACT
CALIBRATION 
2.1 REPEATABILITY
2.2 SET POINT ADJUSTMENT
2.3 DIFFERENTIAL 

3 OVER PR & LEAK TEST P V V
4 ELECT. INSULATION/HV TEST ONE P V V

REVIEW OF TC FOR 
MATERIALS OF
5.1 SENSOR
5.2 MOVEMENT
5.3 PROCESS CONNECTION 
5.4 HOUSING

6 REVIEW OF TC FOR DEGREE 
OF PROTECTION

TYPE TEST V V V

7 REVIEW OF TC OF 
MICROSWITCH

FOR LOT V V V

 ** M = Manufacturer / Sub-contractor, C = Contractor / Nominated Inspecting Agency, B =  BHEL,
     P = Perform,  W = Witness, V  = Verification

Note :
1.   Quantum of check shall be as below :
      100 % - By Manufacturer
2.   Manufacturer to carry out ROUTINE TEST on 100 %.

Agency **

APPROVED SPEC./ 
DATA SHEETS 

SEE NOTE-1 
BELOW

3.  Contractor to provide compliance certificate for tests/checks verifid by contractor and 
       the same alongwith test certificates to be verified by BHEL

1

2

5 V V

P V V

P V V

FOR LOT V

Quantum of 
check

CHECK LIST FOR PRESSURE SWITCH



  PEM :: C&I 

STANDARD QUALITY PLAN 
FOR

LOCAL CONTROL PANEL 

STD QUALITY PLAN NO.:  PE-QP-999-145-I056
VOLUME IIB 
SECTION D 
REV. NO. 01     DATE:  22-02-2008
SHEET 1 OF 7 

Sl. 
No.

Component / 
operation Characteristics Checked 

*
Cate
gory 

Type/Method 
of 

Check 

Extent 
of 

Check 
Reference
documents

Acceptance 
Norms 

Format 
of 

Records 

Agency  $
Remarks 

P W V 

LEGEND: * CR   -  Critical characteristics               $  P   -  Agency Performing the Test. 1  -  BHEL  
   MA   -  Major characteristics   W   -  Agency Witnessing the Test. 2  -  Vendor 
   MI   -  Minor characteristics   V   -  Agency Verifying the Test. 3  -  Sub-vendor 

INCOMING 
           

1.0 Sheet Steel (CRCA & 
HR) 

1. Chemical Composition MA Chemical 
analysis 

Sample IS:1079 
IS:513 

IS:1079 
IS:513 

Test 
Certificate 

3 --- 2  

  2. Bend Test CR Mech. test Sample IS:1079 
IS:513 

IS:1079 
IS:513 

Log Book 2 --- ---  

  3. Surface finish MA Visual 100% Factory 
Standard / 
Sample

Factory 
Standard / 
Sample  

Log Book 2 --- ---  

  4. Waviness MA Visual 100% Factory 
Standard 

No Waviness Log Book 2 --- ---  

  5. Thickness MA Measurement 100% BHEL Spec. BHEL Spec. Log Book 2 --- ---  

  6. Mill marking MA Visual 100% Factory 
Standard 

Factory 
Standard 

Log Book 2 --- 1

2.0 Flats / Angles / 
Channels 

1. Dimensions MA Measurement Sample IS:2062 IS:2062 Log Book 2 --- ---  

  2. Surface Defects MA Visual 100% Factory 
Standard / 
Sample  

Factory 
Standard /
Sample  

Log Book 2 --- ---  

  3. Straightness MA Measurement 100% Factory Std. Factory Std. Log Book 2 --- ---  

  4. Mill marking MA Visual 100% IS:2062 IS:2062 Log Book 2 --- 1

3.0 Cables / Wires 1. Visual / Surface defects MA Visual 100% BHEL Spec. 
and IS:1554 or 
IS:694  

BHEL Spec. 
and IS:1554 or 
IS:694  

Log Book 2 --- ---  

  2. IR and HV MA Electrical 100% BHEL Spec. 
and IS:1554 or 
IS:694  

BHEL Spec. 
and IS:1554 or 
IS:694  

Log Book 2 --- ---  



  PEM :: C&I 

STANDARD QUALITY PLAN 
FOR

LOCAL CONTROL PANEL 

STD QUALITY PLAN NO.:  PE-QP-999-145-I056
VOLUME IIB 
SECTION D 
REV. NO. 01     DATE:  22-02-2008
SHEET 2 OF 7 

Sl. 
No.

Component / 
operation Characteristics Checked 

*
Cate
gory 

Type/Method 
of 

Check 

Extent 
of 

Check 
Reference
documents

Acceptance 
Norms 

Format 
of 

Records 

Agency  $
Remarks 

P W V 

LEGEND: * CR   -  Critical characteristics               $  P   -  Agency Performing the Test. 1  -  BHEL  
   MA   -  Major characteristics   W   -  Agency Witnessing the Test. 2  -  Vendor 
   MI   -  Minor characteristics   V   -  Agency Verifying the Test. 3  -  Sub-vendor 

  3. Conductor 
a) Resistance 
b) Size 
c) Sheet colour 

MA
MA
MA 

Electrical  
Measurement 
Visual 

100% 
100% 
100% 

BHEL Spec. 
and IS:1554 or 
IS:694 

BHEL Spec. 
and IS:1554 or 
IS:694 

Log Book 2 --- ---

  4. Type / Routine Test 
Certificates 

MA Verification 100% BHEL Spec. 
and IS:1554 or 
IS:694 

BHEL Spec. 
and IS:1554 or 
IS:694 

Log Book 3 --- 2

4.0 Electrical 
Components like 
Annunciator 
Transformers
Lamps 
Switches 
PBs
Contactors 
Relays 
Timers
Space Heaters 
Thermostat 
Indicating meters etc. 

1. Verification at make and 
Type 

CR Visual Sample BHEL Spec. 
and BOM 

BHEL Spec. 
and BOM 

Log Book 2 --- ---  

 2. Verification of Test 
Certificates 

CR Scrutiny of 
Type / Routine 
T.Cs. 

100% Relevant IS Relevant IS Log Book 2 --- ---  

 3. Operation / Functional 
check 

CR Electrical Sample+
100%@

Relevant Indian 
Std & Catalogue 

Relevant Indian 
Std & Catalogue 

Log Book 2 --- --- + for relay & 
contactors 
only 

 4. I.R. MA Electrical 100% Relevant Indian 
Std & Catalogue 

Relevant Indian 
Std & Catalogue 

Log Book 2 --- --- @ for all 
components 
except relays 
& contactors.   

 5. H.V. MA Electrical 100% Relevant Indian 
Std & Catalogue 

Relevant Indian 
Std & Catalogue 

Log Book 2 --- ---  

  6. Calibration MA Electrical 100% Relevant Indian 
Std & Catalogue 

Relevant Indian 
Std & Catalogue 

Log Book 2 --- 1

  7. Pick up / Drop off Voltage MA Electrical 100% Relevant Indian 
Std & Catalogue 

Relevant Indian 
Std & Catalogue 

Log Book 2 --- ---  



  PEM :: C&I 

STANDARD QUALITY PLAN 
FOR

LOCAL CONTROL PANEL 

STD QUALITY PLAN NO.:  PE-QP-999-145-I056
VOLUME IIB 
SECTION D 
REV. NO. 01     DATE:  22-02-2008
SHEET 3 OF 7 

Sl. 
No.

Component / 
operation Characteristics Checked 

*
Cate
gory 

Type/Method 
of 

Check 

Extent 
of 

Check 
Reference
documents

Acceptance 
Norms 

Format 
of 

Records 

Agency  $
Remarks 

P W V 

LEGEND: * CR   -  Critical characteristics               $  P   -  Agency Performing the Test. 1  -  BHEL  
   MA   -  Major characteristics   W   -  Agency Witnessing the Test. 2  -  Vendor 
   MI   -  Minor characteristics   V   -  Agency Verifying the Test. 3  -  Sub-vendor 

5.0 Misc. Components 
like Gaskets, 
Terminal Blocks etc.

1. Verification of Type / Make MA Visual Sample BHEL Spec. & 
Mfrs. Catalogue 

BHEL Spec. & 
Mfrs. Catalogue 

Log Book 2 --- ---

 2. Surface defects MA Visual Sample BHEL Spec. & 
Mfrs. Catalogue 

BHEL Spec. & 
Mfrs. Catalogue 

Log Book 2 --- ---

 3. IR / HV on Terminal Blocks MA Electrical Sample BHEL Spec. & 
Mfrs. Catalogue 

BHEL Spec. & 
Mfrs. Catalogue 

Log Book 2 --- ---

IN PROCESS            

6.0 Blanking / Bending / 
Forming 

1. Dimensions MI Measurement 100% Approved Mfr. 
drgs. 

Approved Mfr. 
drgs. 

Log Book 2 --- ---

  2. Surface defects after 
bending 

MA Visual 100% Factory 
Standard 

Factory 
Standard

Log Book 2 --- ---

7.0 Nibbling / Punching 1. Cutout Sizes MI Measurement 100% Approved Mfr. 
drgs. 

Approved Mfr. 
drgs. 

Log Book 2 --- ---

  2. Deburring MA Visual 100% Approved Mfr. 
drgs. 

Approved Mfr. 
drgs. 

Log Book 2 --- ---

ASSEMBLY            

8.0 Frame Assembly & 
Sheet fixing 

1. Dimensions MA Measurement 100% Approved drg. / 
Mfr. Standards 

Approved drg. / 
Mfr. Standards 

Log Book 2 --- 2 

  2. Alignment MA Measurement 100% Approved drg. /
Mfr. Standards 

Approved drg. /
Mfr. Standards 

Log Book 2 --- 2 

  3. Welding Quality MA Visual 100% Approved drg. /
Mfr. Standards 

Approved drg. /
Mfr. Standards 

Log Book 2 --- 2 

  4. Surface defects MA Visual 100% Approved drg. /
Mfr. Standards 

Approved drg. /
Mfr. Standards 

Log Book 2 --- 2
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STANDARD QUALITY PLAN 
FOR

LOCAL CONTROL PANEL 

STD QUALITY PLAN NO.:  PE-QP-999-145-I056
VOLUME IIB 
SECTION D 
REV. NO. 01     DATE:  22-02-2008
SHEET 4 OF 7 

Sl. 
No.

Component / 
operation Characteristics Checked 

*
Cate
gory 

Type/Method 
of 

Check 

Extent 
of 

Check 
Reference
documents

Acceptance 
Norms 

Format 
of 

Records 

Agency  $
Remarks 

P W V 

LEGEND: * CR   -  Critical characteristics               $  P   -  Agency Performing the Test. 1  -  BHEL  
   MA   -  Major characteristics   W   -  Agency Witnessing the Test. 2  -  Vendor 
   MI   -  Minor characteristics   V   -  Agency Verifying the Test. 3  -  Sub-vendor 

9.0 Pre-treatment and 
Painting 

1. Pretreatment Process MA Visual 100% Factory 
Standard &    
IS: 6005 

Factory 
Standard &    
IS: 6005 

Log Book 2 --- 1  

  2.    Process parameters like 
bath temp. concentration 
etc. 

MA Measurement Periodic Factory 
Standard &    
IS: 6005 

Factory 
Standard &    
IS: 6005 

Log Book 2 --- 1  

3. Dipping / Removal Time MA Measurement 100% Factory 
Standard &    
IS: 6005 

Factory 
Standard &    
IS: 6005 

Log Book 2 --- 1  

4. Surface quality after every 
dip 

MA Visual 100% Factory 
Standard &    
IS: 6005 

Factory 
Standard &    
IS: 6005 

Log Book 2 --- 1  

5. Primer after phosphating MA Visual, 
Thickness 

100% Factory 
Standard &    
IS: 6005 

Factory 
Standard &    
IS: 6005 

Log Book 2 --- 1  

6. Putty Application & 
Rubbing after primer

MA Visual 100% Factory 
Standard &    
IS: 6005 

Factory 
Standard &    
IS: 6005 

Log Book 2 --- 1  

7. Paint first coat MA Visual, 
Thickness 

100% Factory 
Standard &    
IS: 6005 

Factory 
Standard &    
IS: 6005 

Log Book 2 --- 1  

8. Putty Application and 
Rubbing after first coat of 
paint 

MA Visual 100% Factory 
Standard &    
IS: 6005 

Factory 
Standard &    
IS: 6005 

Log Book 2 --- 1  

9. Paint second coat MA Visual, 
Thickness, 
Scratch test 
Colour 
adhesion 

100% Factory 
Standard &    
IS: 6005 

Factory 
Standard &    
IS: 6005 

Log Book 2 --- 1  
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REV. NO. 01     DATE:  22-02-2008
SHEET 5 OF 7 

Sl. 
No.

Component / 
operation Characteristics Checked 

*
Cate
gory 

Type/Method 
of 

Check 

Extent 
of 

Check 
Reference
documents

Acceptance 
Norms 

Format 
of 

Records 

Agency  $
Remarks 

P W V 

LEGEND: * CR   -  Critical characteristics               $  P   -  Agency Performing the Test. 1  -  BHEL  
   MA   -  Major characteristics   W   -  Agency Witnessing the Test. 2  -  Vendor 
   MI   -  Minor characteristics   V   -  Agency Verifying the Test. 3  -  Sub-vendor 

10. Panel Wiring 1. Wiring Layout MA Visual 100% Approved drgs. 
& Specs. 

Approved drgs. 
& Specs. 

Log Book 2 --- ---

  2. Wiring Termination 
(Crimped Lugs) 

MA Visual 100% Approved drgs. 
& Specs. 

Approved drgs. 
& Specs. 

Log Book 2 --- ---

  3. Ferrule numbers MA Visual 100% Approved drgs. 
& Specs. 

Approved drgs. 
& Specs. 

Log Book 2 --- ---

  4. Colour of wiring MA Visual 100% Approved drgs. 
& Specs. 

Approved drgs. 
& Specs. 

Log Book 2 --- 1

  5. Size of Conductor MA Measurement 100% Approved drgs. 
& Specs. 

Approved drgs. 
& Specs. 

Log Book 2 --- 1

11. Component Mounting 1. Correct components MA Visual 100% Approved drgs., 
Specs. & BOM 

Approved drgs., 
Specs. & BOM 

Log Book 2 --- ---

2. Fixing MA Visual 100% Approved drgs., 
Specs. & BOM 

Approved drgs., 
Specs. & BOM 

Log Book 2 --- ---

FINAL            

12. Final Inspection 1. Workmanship MA Visual 100% Factory 
Standard 

Factory 
Standard

Inspection 
Report

2 1 1 

At Random 
by BHEL, 
based on  
100 % 
internal test 
reports by 
Mfr.

  2. Component layout 
(neatness, accessibility & 
safety) Mounting / Proper 
fixing of all components  

MA Visual 100% BHEL approved 
drg. / Spec. 

BHEL approved 
drg. / Spec. 

Inspection 
Report

2 1 1 

3. Components identification 
Marking / Name plates 

MA Visual 100% BHEL approved 
drg. / Spec.

BHEL approved 
drg. / Spec.

Inspection 
Report

2 1 1 
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Sl. 
No.

Component / 
operation Characteristics Checked 

*
Cate
gory 

Type/Method 
of 

Check 

Extent 
of 

Check 
Reference
documents

Acceptance 
Norms 

Format 
of 

Records 

Agency  $
Remarks 

P W V 

LEGEND: * CR   -  Critical characteristics               $  P   -  Agency Performing the Test. 1  -  BHEL  
   MA   -  Major characteristics   W   -  Agency Witnessing the Test. 2  -  Vendor 
   MI   -  Minor characteristics   V   -  Agency Verifying the Test. 3  -  Sub-vendor 

5. Dimensions MA Measurement 100% BHEL approved 
drg. / Spec., 
BOM

BHEL approved 
drg. / Spec., 
BOM

Inspection 
Report

2 1 1 

At Random 
by BHEL, 
based on  
100 % 
internal test 
reports by 
Mfr.

6. Door functioning MA Functional 100% BHEL approved 
drg. / Spec.

BHEL approved 
drg. / Spec.

Inspection 
Report

2 1 1 

7. Paint Shade CR Visual 100% BHEL approved 
drg. / Spec.

BHEL approved 
drg. / Spec.

Inspection 
Report

2 1 1 

8. Paint Thickness CR Measurement 100% BHEL approved 
drg. / Spec.

BHEL approved 
drg. / Spec.

Inspection 
Report

2 1 1 

9. Workmanship of Gaskets MA Visual 100% Factory 
Standard 

Factory 
Standard

Inspection 
Report

2 1 1 

10. Wiring Layout MA Visual 100% BHEL approved 
drg. 

BHEL approved 
drg.

Inspection 
Report

2 1 1 

11.  Wire Termination MA Pulling 
manually 

Sample ----- Firm termination Inspection 
Report

2 1 1 

  12. Continuity MA Electrical 100% ----- Continuity OK Inspection 
Report

2 1 1 
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VOLUME IIB 
SECTION D 
REV. NO. 01     DATE:  22-02-2008
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Sl. 
No.

Component / 
operation Characteristics Checked 

*
Cate
gory 

Type/Method 
of 

Check 

Extent 
of 

Check 
Reference
documents

Acceptance 
Norms 

Format 
of 

Records 

Agency  $
Remarks 

P W V 

LEGEND: * CR   -  Critical characteristics               $  P   -  Agency Performing the Test. 1  -  BHEL  
   MA   -  Major characteristics   W   -  Agency Witnessing the Test. 2  -  Vendor 
   MI   -  Minor characteristics   V   -  Agency Verifying the Test. 3  -  Sub-vendor 

13. TYPE TEST Degree of Protection CR Mech. 
Protection

Sample BHEL approved 
spec., drg 
relevant IS-
13947 Part-1, 
IS-2148. 

BHEL approved 
spec., drg 
relevant IS-
13947 Part-1, 
IS-2148.

Type Test 
Certificate 

3 --- 1  

14 ROUTINE TEST IR before & after HV Test CR Electrical 100% BHEL approved 
spec., drg., BOM   
& relevant IS. 

BHEL approved 
spec., drg., BOM
& relevant IS. 

Test Report 2 1 1  

15 FUCTIONAL TEST 1. Control Logic Operation CR Electrical 100% BHEL approved 
spec. / drg. 

BHEL approved 
spec. / drg. 

Inspection 
Report

2 1 1 

2. Instrument Calibratio CR Electrical 10% BHEL approved 
spec. / drg. 

BHEL approved 
spec. / drg. 

Inspection 
Report

2 1 1  

  3. Temperature rise CR Electrical 100% BHEL approved 
spec/drg. & 
relevant IS.

BHEL approved 
spec/drg & 
relevant IS.

Inspection 
Report

2 1 1  
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42 145-43000-A      FLOW ELEMENT - ORIFICE I006               INSTRUMENTATION 
LTD.

REGULAR           NA KANJIKODE WEST, 
PALALKKAD,    PALAKKAD-
KERALA-INDIA Phone- 
2566127-130,2567128
Pincode  :  678623  Email :
icvldil@gmail.com;fa2@ilpgt.
com

SICK PSU. BIFR 
CASE. ,  , 

43 145-43000-A      FLOW ELEMENT - ORIFICE I030               INSTRUMENTATION 
ENGINEERS PVT LTD

REGULAR           B SH.N.V.RAM GOPAL/MS. 
N.NIHARIKA PLOTS 1,2,3, 
PHASE-III,  IDA, 
JEEDIMETLA  HYDERABAD-
TELANGANA-INDIA Phone- 
9848407365 Pincode  :
500055  Email :
iedelhi@ieflowmeters com

 ,  , 

44 145-45000-A      INSTRUMENT FITTINGS P046              PRECISION 
ENGINEERING
INDUSTRIES

REGULAR           NA K. SITARAM/ K. SRINIVAS 
7,SIDHAPURA INDUSTRIAL 
ESTATE  S.V. 
ROAD,GOREGAON(W)
MUMBAI-MAHARASHTRA-
INDIA Phone- 022 42631700 
Pincode  :  400 062  Email :
peiks@vsnl.com

 ,  , 

45 145-45000-A      INSTRUMENT FITTINGS P082              PANAM ENGINEERS REGULAR           NA Mr. Santosh Shukla 203, 
Jaisingh Business,Parsiwada,
Sahar road,Andheri(East),
Mumbai,-Maharashtra,-India,
Phone- 9892179529, 
Pincode  :  400099,  Email :
santosh@panamengineers.co
m,

 ,  , 

46 145-45000-A      INSTRUMENT FITTINGS P81                Perfect Instrumentation 
Control (India) Pvt. Ltd.

REGULAR           NA MD Hussain 
Shaikh/Shahanawaz Khan 
Gala No. 168, Loheki 
Chwal,216/ 218,  Maulana 
Azad Rd. Nagpada Junction
Mumbai-Maharashtra-INDIA
Phone- 91-9324383121 
Pincode  :  400008  Email :
shahanawaz.khan@perfectin
strumentation.com

 ,  , 

47 145-45000-A      INSTRUMENT FITTINGS C067              Comfit & Valve Pvt. Ltd. REGULAR           NA Mr. Jeetu Jain/Mr. Vinay 
Sosa Survey No. 23/1, Part 
2,  Ahmedabad-Mehsana 
Highway  Laxmipura, 
Nandasan-Gujarat-INDIA
Phone- 02764-267036/37 
Pincode  :  382705  Email :
marketing@com-fit com

 ,  , 

48 145-45000-A      INSTRUMENT FITTINGS A079              AURA INCORPORATED REGULAR           NA NIRAJ SHARAN/SUJIT 
KUMAR W-167A, GREATER 
KAILASH-II    NEW DELHI-
DELHI-INDIA Phone- 
9810182430 Pincode  :
110048  Email :
niraj@aurainc com

 ,  , 

49 145-45000-A      INSTRUMENT FITTINGS A121              Arya Crafts & 
Engineering Pvt. Ltd.

REGULAR           NA Mr.Sanjay 
Brahman/Mr.Shyam Vazirani 
102, Vora Industrial Estate 
No.4  Navghar, Vasai Road 
(E)  Dist.Thane, Mumbai-
Maharashtra-INDIA Phone- 
+91-250-2392246 Pincode  :
401210  Email :
arya@aryaengg.com

 ,  , 

50 145-45000-A      INSTRUMENT FITTINGS F040              FLUIDFIT ENGINEERS 
PVT. LTD.

REGULAR           NA Mr. Abbas Bhola Potia 
Building No. 2, Office No. 
3,292,  Bellasis 
Road,Mumbai Central (East)
Mumbai-Maharashtra-India
Phone- 9920044113 Pincode
:  400008  Email :
ab@fluidfitengg.com

Registered as 
per 22nd 
Electrical and 
C&I MISCC 
Meeting dtd. 
15.01.2014 ,  , 

51 145-45000-A      INSTRUMENT FITTINGS H61               HP VALVES & FITTINGS 
INDIA PVT. LTD.

REGULAR           C S. Harichandran/P.S. Pandi B-
11, Mugappair Industrial 
Estate,    CHENNAI-
Tamilnadu-INDIA Phone- 
044 26252537 Pincode  :
600037  Email :
sales@hpvalvesindia com

 ,  , 

VENDOR LIST



52 145-45000-A      INSTRUMENT FITTINGS H024              Fluid Controls Pvt. Ltd. REGULAR           NA Sophie Y. Moochhala/Mayur 
Rajput J.V.PATEL, I.T.I 
CMPD, B.MADHUKAR MARG,
ELPHINSTONE
ROADSTN.(WR),  MUMBAI-
MAHARASHTRA-INDIA
Phone- (022) 43338000 
Pincode  :  400013  Email :
sales@fluidcontrols.com

Name changed 
from M/s Hyd-
Air Valves Pvt. 
Ltd. to M/s Fluid 
Controls Pvt. 
Ltd. as per 25th 
MISCC-Electrical
and C&I dtd. 
20.02.2014 ,  , 

53 145-45000-A      INSTRUMENT FITTINGS V039              VIKAS INDUSTRIAL 
PRODUCTS

REGULAR           NA S.R.SINGH/NAVEEN SINGH B 
- 2, SECTOR - 6,    NOIDA-
UTTAR PRADESH-INDIA 
Phone- +91-9810122070 
Pincode  :  201301  Email :
naveensingh@vsnl.com

 , Financial limit 
reviewed on 
05.06.2014 , 

54 145-38000-A      INSTRUMENTS PIPE 
FITTINGS

V039              VIKAS INDUSTRIAL 
PRODUCTS

REGULAR           A S.R.SINGH/NAVEEN SINGH B 
- 2, SECTOR - 6,    NOIDA-
UTTAR PRADESH-INDIA 
Phone- +91-9810122070 
Pincode  :  201301  Email :
naveensingh@vsnl.com

 ,  , 

55 145-38000-A      INSTRUMENTS PIPE 
FITTINGS

H024              Fluid Controls Pvt. Ltd. REGULAR           B Sophie Y. Moochhala/Mayur 
Rajput J.V.PATEL, I.T.I 
CMPD, B.MADHUKAR MARG,
ELPHINSTONE
ROADSTN.(WR),  MUMBAI-
MAHARASHTRA-INDIA
Phone- (022) 43338000 
Pincode  :  400013  Email :
sales@fluidcontrols.com

 ,  , 

56 145-38000-A      INSTRUMENTS PIPE 
FITTINGS

A079              AURA INCORPORATED REGULAR           NA NIRAJ SHARAN/SUJIT 
KUMAR W-167A, GREATER 
KAILASH-II    NEW DELHI-
DELHI-INDIA Phone- 
9810182430 Pincode  :
110048  Email :
niraj@aurainc com

 ,  , 

57 145-38000-A      INSTRUMENTS PIPE 
FITTINGS

P046              PRECISION 
ENGINEERING
INDUSTRIES

REGULAR           NA K. SITARAM/ K. SRINIVAS 
7,SIDHAPURA INDUSTRIAL 
ESTATE  S.V. 
ROAD,GOREGAON(W)
MUMBAI-MAHARASHTRA-
INDIA Phone- 022 42631700 
Pincode  :  400 062  Email :
peiks@vsnl.com

 ,  , 

58 145-32000-A      INSTRUMENTS TUBE 
FITTINGS

P046              PRECISION 
ENGINEERING
INDUSTRIES

REGULAR           C K. SITARAM/ K. SRINIVAS 
7,SIDHAPURA INDUSTRIAL 
ESTATE  S.V. 
ROAD,GOREGAON(W)
MUMBAI-MAHARASHTRA-
INDIA Phone- 022 42631700 
Pincode  :  400 062  Email :
peiks@vsnl.com

 ,  , 

59 145-32000-A      INSTRUMENTS TUBE 
FITTINGS

A079              AURA INCORPORATED REGULAR           C NIRAJ SHARAN/SUJIT 
KUMAR W-167A, GREATER 
KAILASH-II    NEW DELHI-
DELHI-INDIA Phone- 
9810182430 Pincode  :
110048  Email :
niraj@aurainc com

 ,  , 

60 145-32000-A      INSTRUMENTS TUBE 
FITTINGS

H024              Fluid Controls Pvt. Ltd. REGULAR           B Sophie Y. Moochhala/Mayur 
Rajput J.V.PATEL, I.T.I 
CMPD, B.MADHUKAR MARG,
ELPHINSTONE
ROADSTN.(WR),  MUMBAI-
MAHARASHTRA-INDIA
Phone- (022) 43338000 
Pincode  :  400013  Email :
sales@fluidcontrols.com

 ,  , 

61 145-32000-A      INSTRUMENTS TUBE 
FITTINGS

V039              VIKAS INDUSTRIAL 
PRODUCTS

REGULAR           NA S.R.SINGH/NAVEEN SINGH B 
- 2, SECTOR - 6,    NOIDA-
UTTAR PRADESH-INDIA 
Phone- +91-9810122070 
Pincode  :  201301  Email :
naveensingh@vsnl.com

 ,  , 



62 145-25000-A      JUNCTION BOX S114              Shrenik & Company, REGULAR           NA Mr. Mitesh Shah/Mr. Pulin 
Shah 39 A/3 ,Panchratna 
Industrial  Estate, Sarkhej-
Bavla Road  Ahmedabad-
Gujarat-India Phone- 
9825024921 Pincode  :
382213  Email :
sales@pustron.com,
pulin@sumip com

Registered for 
FRP JBs AND 
METAL JBs. , 
Technical limit 
reviewed on 
30.04.2014; , 

63 145-25000-A      JUNCTION BOX F201              FLEXPRO ELECTRICALS 
PVT. LTD.

REGULAR           NA Mr. Dineshbhai Zaveri C-1/ 
27&37, GIDC, Kabilpore,
Navsari-Gujarat-India Phone- 
02637-265140,265003
Pincode  :  396424  Email :
flexpro@flexproltd.com

Technical limit 
reviewed on 
12.10.2015; ,  , 

64 145-25000-A      JUNCTION BOX A101              AJMERA INDUSTRIAL & 
ENGINEERING WORKS

REGULAR           C JIGNESH MAHENDRA 
AJMERA DENA BANK 
BLDG.,SHREE NAGESH
INDL. ESTATE,STATION 
ROAD,  MUMBAI-
MAHARASHTRA-INDIA
Phone- 022 67973578 
Pincode  :  400 088  Email :
ajmera@ajmera.net,
jmajmera@yahoo.com

Reviewed in 
MISCC dt. 
21.07.2015  for 
non-response in 
4 consecutive 
tender enquiry; 
, APPROVED 
FOR
GALVANIZED
AND FRP 
JUNCTION
BOXES;
Technical limit 
reviewed on 
30.04.2014 , 

65 145-25000-A      JUNCTION BOX K043              K.S.INSTRUMENTS 
PVT.LTD.

REGULAR           A S Raghavan No. 72, 3rd 
Main, 1st Stage  Industrial 
Suburb, Yeshwanthpur
Bangalore-Karnataka-India
Phone- 9880385770 Pincode
:  560022  Email :
sales1@ksinstruments net

 ,  , 

66 145-25000-A      JUNCTION BOX S095              SUCHITRA INDUSTRIES REGULAR           A NO-2,OPP-27 AECS LAYOUT 
2ND STG REJAMAHALVILAS 
EXTN 2ND STG  BANGALORE 
-- Phone-  Pincode  :
Email :
suchitra.industriesblr@gmail.
com

 ,  , 

67 145-11000-A      LEVEL GAUGE S008              SIGMA INSTRUMENTS 
CO.

REGULAR           NA Gopal Kannan/R Gopinath 
201, ANANDRAJ 
INDUSTRIAL ESTATE,
OFF.LBS MARG, SONAPUR 
LANE,  BHANDUP (W)
MUMBAI-MAHARASHTRA-
INDIA Phone- 
+919821038162 Pincode  :
400078  Email :
sales@sigmainstruments.co.i
n

 ,  , 

68 145-11000-A      LEVEL GAUGE B077              BLISS ANAND PVT. LTD. REGULAR           NA Mr. Vikas Anand/ 
Mr.RGRajan 92B & 93 B ,
IMT  MANESAR  Gurgaon-
Haryana-India Phone- 0124-
4366000 TO 9 Pincode  :
122001  Email :
sales@blissanand com

 ,  , 

69 145-11000-A      LEVEL GAUGE T001              TOSHNIWAL BROTHERS 
PVT.LTD.

REGULAR           NA WORKS:TOSHNIWAL
IND.PVT.LTD, INDUSTRIAL 
ESTATE MAKHUPURA,
AJMER-RAJASTHAN-INDIA
Phone- 441171 Pincode  :
305002  Email :
toshniwalprocess@gmail.com

 ,  , 

70 145-35000-A      LEVEL SWITCH-
CAPACITANCE TYPE

S123              Sapcon Instrument Pvt 
Ltd.

REGULAR           NA 131, PALSHIKAR COLONY   
Contact Person- Mr. Ashwin 
(9826080207)  INDORE-MP-
INDIA Phone- +91-731-
4085751, Pincode  :  452004
Email :
sales@sapconinstruments.co
m

 ,  , 



92 145-37000-A      LEVEL SWITCH-FLOAT TYPE G060              GENERAL INSTRUMENTS 
CONSORTIUM

REGULAR           NA Mr. Amarendra Kulkarni 
194/195, Gopi Tank Road, 
Off.  Pandurang Naik Marg, 
Mahim  Mumbai-Maharashtra-
India Phone- 9323195251 
Pincode  :  400016  Email :
amarendra@general-
gauges.com

Workas at- 
GAUGES
BOURDON
INDIA PVT. 
LTD. (A MFG. 
UNIT OF 
GENERAL
INSTRUMENTS
CONSORTIUM , 
PLOT NO-4, 5 & 
6,  JAWAHAR 
Co-op.
INDUSTRIAL
ESTATE,
KAMOTHE,
PANVEL- 410 
209 ,  , 

93 145-37000-A      LEVEL SWITCH-FLOAT TYPE S008              SIGMA INSTRUMENTS 
CO.

REGULAR           C Gopal Kannan/R Gopinath 
201, ANANDRAJ 
INDUSTRIAL ESTATE,
OFF.LBS MARG, SONAPUR 
LANE,  BHANDUP (W)
MUMBAI-MAHARASHTRA-
INDIA Phone- 
+919821038162 Pincode  :
400078  Email :
sales@sigmainstruments.co.i
n

Vendor shall 
source import 
contents of 
Level Switch 
(Conductivity
Type) from 
Mobrey
Measurement,
an operating 
unit of Morbey 
Ltd., Slough, 
Berkshire,
United

d94 145-37000-A      LEVEL SWITCH-FLOAT TYPE S010              SOR INC. REGULAR           NA LARRY DEGARMO/Avdhesh 
Chandra, 14685 W. 105TH 
STREET    LENEXA-KANSAS-
USA Phone- 09810905139, 
Pincode  :  66215  Email :
Ldegarmo@sorinc.com,
avdhesh@sherman-
india com

 ,  , 

95 145-37000-A      LEVEL SWITCH-FLOAT TYPE S106              SBEM PVT. LTD. REGULAR           NA MR.N.K. BEDARKAR/MR. 
VISHWANATH KARANDIK 
39, ELECTRONIC CO.OP.
ESTATE, PUNE SATARA 
ROAD  PUNE,-
MAHARASHTRA-INDIA
Phone- 912041030100 
Pincode  :  411009  Email :
newdelhi@sbem co in

 ,  , 

96 145-37000-A      LEVEL SWITCH-FLOAT TYPE L005              LEVCON INSTRUMENTS 
PVT. LTD.

REGULAR           NA Mr Shayak Gupta/Badal Jana 
Rajkamal', 7th floor, 13, 
Camac Street    KOLKATA-
WEST BENGAL-INDIA Phone- 
0 33 2283 2766 Pincode  :
700017  Email :
b_jana@levcongroup.com

 ,  , 

97 145-37000-A      LEVEL SWITCH-FLOAT TYPE P068              Pune Techtrol Pvt. Ltd. REGULAR           NA N.P.Khatan/Sudhakar 
Badiger S-18, MIDC  Bhosari, 
Pune-Maharashtra-INDIA
Phone- 9850560042 Pincode
:  411 026  Email :
ho@punetechtrol.com

 ,  , 

98 145-08000-A      PRESSURE GAUGE/ 
DIFF.PRESSURE GAUGE

F016              FORBES MARSHALL 
(HYD) LTD.

REGULAR           NA MR SAILESH PATALAY/MR. 
M K SRINIVASAN PLOT NO.A-
19/2,  & T-4/2,  IDA,
NACHARAM,  HYDERABAD-
TELANGANA-INDIA Phone- 
9849913704 Pincode  :  500 
076  Email :
mksrinivasan@forbesmarshal
l com

 ,  , 

99 145-08000-A      PRESSURE GAUGE/ 
DIFF.PRESSURE GAUGE

H040              H.GURU INSTRUMENTS 
(SOUTH INDIA) P. LTD

REGULAR           B 32,INDUSTRIAL SUBURB 
YESWANTHAPUR
BANGALORE-KARNATAKA-
www.hgurusouth.com Phone-
080-23370300, Pincode  :
560022  Email :
info@hgurusouth com

 ,  , 

100 145-08000-A      PRESSURE GAUGE/ 
DIFF.PRESSURE GAUGE

H023              H.GURU INDUSTRIES REGULAR           NA Mr. G. D. Hazra/Mr. P. K. 
Mitra 10 B, HO-CHI-MINH 
SARANI,    KOLKATA-WEST 
BENGAL-INDIA Phone- 033 
2282 2463 / 1637 Pincode  :
700071  Email :
mguru@vsnl net

 , Financial limit 
reviewed on 
05.06.2014; , 



101 145-08000-A      PRESSURE GAUGE/ 
DIFF.PRESSURE GAUGE

G071              GAUGE BOURDON INDIA 
PVT. LTD.

REGULAR           NA 194/195, Gopi Tank Road, 
Off Pandurang Naik Marg,
Mahim Mumbai,-
Maharashtra,-India, Phone- 
011-41607463, Pincode  :
400016,  Email :
gicdelhi@general-
gauges com

Registered as 
per 26th MISCC-
Electrical and 
C&I dtd. 
06.03.2014. ,  , 

102 145-08000-A      PRESSURE GAUGE/ 
DIFF.PRESSURE GAUGE

B083              BOSE PANDA 
INSTRUMENTS PVT.LTD.

REGULAR           NA Mr. Partha Bose 44, Saheed 
Hemanta Kumar Bose,
Sarani,  Kolkata-West Bengal-
India Phone- +91 33 2548 
7220 Pincode  :  700074
Email :
parthabosebpi@gmail.com;
bosepanda@vsnl.net

Trial to Hold as 
per SEARP amd-
3,w.e.f. 15-09-
12 , Supplier 
registered in 
trial category on 
30.10.2010 and 
was thereafter 
put in susp-hold 
category as per 
SEARP Amd-03 
on 15.09.2012. 
Further, on 
evaluation put 
in permanent 
category on 
20.08.2014; , 

103 145-08000-A      PRESSURE GAUGE/ 
DIFF.PRESSURE GAUGE

A126              PRECISION MASS 
PRODUCTS PVT. LTD.

REGULAR           NA Mr. Nishit Patel/Mr. Anuj 
Verma Plot No.2306, Phase 
II, GIDC Chhatral    Kalol-
Gujarat,-INDIA Phone- 
9999464663 Pincode  :
382729  Email :
sales@precisionmass.com

Registration of 
''M/s Ashcroft 
India Pvt. Ltd.'' 
substituted to
''M/s Precision 
Mass Products 
Pvt. Ltd." as per
MISCC dt. 
15.02.2016
based on 
''Termination
and business 
transfer
agreement''
submitted by 

104 145-08000-A      PRESSURE GAUGE/ 
DIFF.PRESSURE GAUGE

A010 A.N. INSTRUMENTS PVT. 
LTD.

REGULAR           C MARKETING DIVISION, 5th 
FLOOR, 59-B, 
CHOWRINGHEE ROAD,
KOLKATA-WEST BENGAL-
INDIA Phone- 
24757784,22472509 Pincode
:  700020  Email :
anidel@bol net in

 ,  , 

105 145-08000-A      PRESSURE GAUGE/ 
DIFF.PRESSURE GAUGE

W017             Baumer Technologies 
India Pvt. Ltd.

REGULAR           NA Mr. Shyam Warilani/Mr. V 
Suresh Babu 36, DAMJI 
SHAMJI INDUSTRIAL 
COMPLEX,  OFF.-MAHAKALI 
CAVES ROAD, ANDHERI(E)
MUMBAI-Maharashtra-INDIA
Phone- +91 99589 25151 
Pincode  :  400093  Email :
sales.in@baumer.com

 , NAME HAS 
BEEN CHANGED 
FROM  M/S 
WAAREE
INSTRUMENTS
LTD. TO M/S 
BAUMER
TECHNOLOGIES
INDIA PVT. 
LTD.  W.E.F. 
13 06 2012106 145-06000-A      PRESSURE SWITCH/DIFF. 

PRESSURE SWITCH
A126              PRECISION MASS 

PRODUCTS PVT. LTD.
REGULAR           NA Mr. Nishit Patel/Mr. Anuj 

Verma Plot No.2306, Phase 
II, GIDC Chhatral    Kalol-
Gujarat,-INDIA Phone- 
9999464663 Pincode  :
382729  Email :
sales@precisionmass.com

Registration of 
''M/s Ashcroft 
India Pvt. Ltd.'' 
substituted to
''M/s Precision 
Mass Products 
Pvt. Ltd." as per
MISCC dt. 
15.02.2016
based on 
''Termination
and business 
transfer
agreement''
submitted by 

107 145-06000-A      PRESSURE SWITCH/DIFF. 
PRESSURE SWITCH

B085              Barksdale GmbH, 
Germany

REGULAR           NA Michael Weileder Dorn 
Assenheimer, Strasse 27
Reichelsheim--Germany
Phone- +91-9999107840 
Pincode  :  D-61203  Email :
msingh@barksdale de

 ,  , 



108 145-06000-A      PRESSURE SWITCH/DIFF. 
PRESSURE SWITCH

D021              DRESSER INDUSTRIES 
INC.

REGULAR           NA Mr. Nishit Patel/Mr. Anuj 
Verma Plot No.2306, Phase 
II,  GIDC Chhatral  Kalol-
Gujarat-India Phone- 02764-
233682 Pincode  :  382729
Email :
Nishit.patel@ashcroftindia.co
m

 ,  , 

109 145-06000-A      PRESSURE SWITCH/DIFF. 
PRESSURE SWITCH

D003              INDFOS  (INDIA) 
LIMITED

REGULAR           NA MR.L.C.VENKATRANGAN/MR.
B.KANNAN New No.17, II 
Floor, Adwave Towers,
Dr.Sevalia Shivaji Salai, 
T.Nagar  Chennai-TamilNadu-
INDIA Phone- +91 44 
24353407 Pincode  :
600017  Email :
delhi@indfos com

 ,  , 

110 145-06000-A      PRESSURE SWITCH/DIFF. 
PRESSURE SWITCH

G060              GENERAL INSTRUMENTS 
CONSORTIUM

REGULAR           C Mr. Amarendra Kulkarni 
194/195, Gopi Tank Road, 
Off.  Pandurang Naik Marg, 
Mahim  Mumbai-Maharashtra-
India Phone- 9323195251 
Pincode  :  400016  Email :
amarendra@general-
gauges.com

Workas at- 
GAUGES
BOURDON
INDIA PVT. 
LTD. (A MFG. 
UNIT OF 
GENERAL
INSTRUMENTS
CONSORTIUM , 
PLOT NO-4, 5 & 
6,  JAWAHAR 
Co-op.
INDUSTRIAL
ESTATE,
KAMOTHE,
PANVEL- 410 
209 ,  , 

111 145-06000-A      PRESSURE SWITCH/DIFF. 
PRESSURE SWITCH

K054              Kaustubha Udyog, REGULAR           NA S.No. 36/1/1, Sinhgad Road, 
Vadgaon Khurd,  Near 
Lokmat Press,    Pune,-
Maharashtra,-India, Phone- 
020-24393577, Pincode  :
Email :  pressure@vsnl.com,

 ,  , 

112 145-06000-A      PRESSURE SWITCH/DIFF. 
PRESSURE SWITCH

I041               INDFOS  INDUSTRIES 
LIMITED

REGULAR           C B-20-21, INDUSTRIAL AREA, 
MEERUT ROAD,
GHAZIABAD-UP-INDIA
Phone- 0120-2712016 
Pincode  :     Email :
mktg@indfos com

 ,  , 

113 145-06000-A      PRESSURE SWITCH/DIFF. 
PRESSURE SWITCH

S010              SOR INC. REGULAR           NA LARRY DEGARMO/Avdhesh 
Chandra, 14685 W. 105TH 
STREET    LENEXA-KANSAS-
USA Phone- 09810905139, 
Pincode  :  66215  Email :
Ldegarmo@sorinc.com,
avdhesh@sherman-
india com

 ,  , 

114 145-06000-A      PRESSURE SWITCH/DIFF. 
PRESSURE SWITCH

S009              SWITZER PROCESS 
INSTRUMENTS PVT. 
LTD.

REGULAR           C B Kannan/V S Jayaprakash 
9, SOUTH BOAG ROAD,  II 
FLOOR, PB NO-1423, 
T.NAGAR,  CHENNAI-TAMIL 
NADU-INDIA Phone- 044-
24340999 / 24344 Pincode  : 
600017  Email :
marketing@switzerinstrumen
t.com

Name changed 
from "M/s 
Switzer
Instrument
Ltd." to "M/s 
Switzer Process 
Instruments
Pvt. Ltd." w.e.f. 
27.07.2016; ,  , 

115 145-03000-A      PROGRAMMABLE LOGIC 
CONTROLLER

R021              ROCKWELL 
AUTOMATION INDIA 
LTD

REGULAR           NA (ALLENBRADLEY),C-11, SITE-
4, INDUSTRIAL AREA 
SHHIBABAD,    GHAZIABAD-
UP-INDIA Phone- 2895247-
52 Pincode  :  201010  Email 
:  pmehrotra@rockwell.com

 ,  , 

116 145-03000-A      PROGRAMMABLE LOGIC 
CONTROLLER

S001              SIEMENS LIMITED REGULAR           NA Dr. Armin Bruck/Sandeep 
Mathur 130, Pandurang 
Budhkar Marg  Worli
Mumbai-Maharashtra-INDIA
Phone- 0124 383 7377 
Pincode  :  400018  Email :
ankit.varshney@siemens.co
m

 ,  , 

117 145-03000-A      PROGRAMMABLE LOGIC 
CONTROLLER

S083              SCHNEIDER ELECTRIC 
INDIA PVT.LTD.

REGULAR           NA  A-4 , MOHAN CO-OP INDL 
AREA  MATHURA ROAD
NEW DELHI-DELHI-INDIA 
Phone-  Pincode  :  110044
Email :
aditya.bawa@schneider-
electric com

 ,  , 



140 145-10000-A      TEMPERATURE GAUGE W017             Baumer Technologies 
India Pvt. Ltd.

REGULAR           C Mr. Shyam Warilani/Mr. V 
Suresh Babu 36, DAMJI 
SHAMJI INDUSTRIAL 
COMPLEX,  OFF.-MAHAKALI 
CAVES ROAD, ANDHERI(E)
MUMBAI-Maharashtra-INDIA
Phone- +91 99589 25151 
Pincode  :  400093  Email :
sales.in@baumer.com

 , NAME HAS 
BEEN CHANGED 
FROM  M/S 
WAAREE
INSTRUMENTS
LTD. TO M/S 
BAUMER
TECHNOLOGIES
INDIA PVT. 
LTD.  W.E.F. 
13 06 2012141 145-10000-A      TEMPERATURE GAUGE G071              GAUGE BOURDON INDIA 

PVT. LTD.
REGULAR           NA 194/195, Gopi Tank Road, 

Off Pandurang Naik Marg,
Mahim Mumbai,-
Maharashtra,-India, Phone- 
011-41607463, Pincode  :
400016,  Email :
gicdelhi@general-
gauges com

 ,  , 

142 145-10000-A      TEMPERATURE GAUGE H023              H.GURU INDUSTRIES REGULAR           NA Mr. G. D. Hazra/Mr. P. K. 
Mitra 10 B, HO-CHI-MINH 
SARANI,    KOLKATA-WEST 
BENGAL-INDIA Phone- 033 
2282 2463 / 1637 Pincode  :
700071  Email :
mguru@vsnl net

 , Financial limit 
reviewed on 
05.06.2014; , 

143 145-10000-A      TEMPERATURE GAUGE H040              H.GURU INSTRUMENTS 
(SOUTH INDIA) P. LTD

REGULAR           B 32,INDUSTRIAL SUBURB 
YESWANTHAPUR
BANGALORE-KARNATAKA-
www.hgurusouth.com Phone-
080-23370300, Pincode  :
560022  Email :
info@hgurusouth com

 ,  , 

144 145-10000-A      TEMPERATURE GAUGE G032              GOA INSTRUMENTS 
INDUSTRIES PVT.LTD.,

REGULAR           D D2/5, Mapusa Industrial 
Estate, Mapusa,    Goa,-
MAHARASHTRA-INDIA
Phone- 09326054551, 
Pincode  :  403507,  Email :
sumukh@goainstruments.co
m,

GCC Rev.5 has 
been accepted 
in toto. ,  , 

145 145-10000-A      TEMPERATURE GAUGE G047              GOA THERMOSTATIC 
INSTRUMENTS PVT.LTD.

REGULAR           B  FLAT -B , GF, HILL CROWN 
APTS.,  COLLEGE ROAD,
MAPUSA-GOA-INDIA Phone-
Pincode  :  403525  Email :
gtilworks@pyro-electric.in

 ,  , 

146 145-10000-A      TEMPERATURE GAUGE F016              FORBES MARSHALL 
(HYD) LTD.

REGULAR           NA MR SAILESH PATALAY/MR. 
M K SRINIVASAN PLOT NO.A-
19/2,  & T-4/2,  IDA,
NACHARAM,  HYDERABAD-
TELANGANA-INDIA Phone- 
9849913704 Pincode  :  500 
076  Email :
mksrinivasan@forbesmarshal
l com

 ,  , 

147 145-10000-A      TEMPERATURE GAUGE A126              PRECISION MASS 
PRODUCTS PVT. LTD.

REGULAR           NA Mr. Nishit Patel/Mr. Anuj 
Verma Plot No.2306, Phase 
II, GIDC Chhatral    Kalol-
Gujarat,-INDIA Phone- 
9999464663 Pincode  :
382729  Email :
sales@precisionmass.com

Registration of 
''M/s Ashcroft 
India Pvt. Ltd.'' 
substituted to
''M/s Precision 
Mass Products 
Pvt. Ltd." as per
MISCC dt. 
15.02.2016
based on 
''Termination
and business 
transfer
agreement''
submitted by 

148 145-10000-A      TEMPERATURE GAUGE B014              BUDENBERG GUAGE 
CO.LTD.

REGULAR           NA PO BOX-5, ALTRINCHAM
CHESHIRE-UK-UK Phone- 
0161-9285441 Pincode  :
WA14 4ER  Email :
dhbdelhi@vsnl.net

 ,  , 

149 145-10000-A      TEMPERATURE GAUGE A010 A.N. INSTRUMENTS PVT. 
LTD.

REGULAR           C MARKETING DIVISION, 5th 
FLOOR, 59-B, 
CHOWRINGHEE ROAD,
KOLKATA-WEST BENGAL-
INDIA Phone- 
24757784,22472509 Pincode
:  700020  Email :
anidel@bol net in

 ,  , 



150 145-15000-A      TEMPERATURE SWITCH D003              INDFOS  (INDIA) 
LIMITED

REGULAR           NA MR.L.C.VENKATRANGAN/MR.
B.KANNAN New No.17, II 
Floor, Adwave Towers,
Dr.Sevalia Shivaji Salai, 
T.Nagar  Chennai-TamilNadu-
INDIA Phone- +91 44 
24353407 Pincode  :
600017  Email :
delhi@indfos com

 ,  , 

151 145-15000-A      TEMPERATURE SWITCH D021              DRESSER INDUSTRIES 
INC.

REGULAR           NA Mr. Nishit Patel/Mr. Anuj 
Verma Plot No.2306, Phase 
II,  GIDC Chhatral  Kalol-
Gujarat-India Phone- 02764-
233682 Pincode  :  382729
Email :
Nishit.patel@ashcroftindia.co
m

 ,  , 

152 145-15000-A      TEMPERATURE SWITCH S009              SWITZER PROCESS 
INSTRUMENTS PVT. 
LTD.

REGULAR           NA B Kannan/V S Jayaprakash 
9, SOUTH BOAG ROAD,  II 
FLOOR, PB NO-1423, 
T.NAGAR,  CHENNAI-TAMIL 
NADU-INDIA Phone- 044-
24340999 / 24344 Pincode  : 
600017  Email :
marketing@switzerinstrumen
t.com

Name changed 
from "M/s 
Switzer
Instrument
Ltd." to "M/s 
Switzer Process 
Instruments
Pvt. Ltd." w.e.f. 
27.07.2016; ,  , 

153 145-15000-A      TEMPERATURE SWITCH S010              SOR INC. REGULAR           NA LARRY DEGARMO/Avdhesh 
Chandra, 14685 W. 105TH 
STREET    LENEXA-KANSAS-
USA Phone- 09810905139, 
Pincode  :  66215  Email :
Ldegarmo@sorinc.com,
avdhesh@sherman-
india com

 ,  , 

154 145-15000-A      TEMPERATURE SWITCH T001              TOSHNIWAL BROTHERS 
PVT.LTD.

REGULAR           NA WORKS:TOSHNIWAL 
IND.PVT.LTD, INDUSTRIAL 
ESTATE MAKHUPURA,
AJMER-RAJASTHAN-INDIA
Phone- 441171 Pincode  :
305002  Email :
toshniwalprocess@gmail.com

 ,  , 

155 145-14000-A      TRANSMITTERS T031              Honeywell Automation 
India Limited

REGULAR           NA Mr. Ritwij Kulkarni 917, 
INTERNATIONAL TRADE 
TOWER,  NEHRU PLACE,
NEW DELHI-DELHI-INDIA 
Phone- 9890200584 Pincode
:  110019  Email :
rajesh.chaudhary@honeywell
com

 ,  , 

156 145-14000-A      TRANSMITTERS Y10                YOKOGAWA INDIA 
LIMITED,

REGULAR           NA PLOT NO.96, ELECTRONICS 
CITY COMPLEX, HOSUR 
ROAD,    BANGALORE,-
KARNATAKA,-INDIA, Phone- 
080-41586000, Pincode  :
Email :
uday.shankar@in.yokogawa.
com,

Subject to 
submission of 
renewed ISO 
certificate & 
compliance to 
GCC; Relevant 
documents (ISO
9001:2008 and 
GCC Rev-05)
furnished on 
18.06.2013. ,  , 

157 145-14000-A      TRANSMITTERS T111              TOSHNIWAL 
INDUSTRIES PVT. LTD.,

REGULAR           NA Industrial Estate, 
Makhupura,    Ajmer,-
Rajasthan,-India, Phone- 
9352009000, Pincode  :
305002,  Email :
info@tipl com

GCC Rev.5 has 
been accepted 
in toto. ,  , 

158 145-14000-A      TRANSMITTERS V040              V. AUTOMAT & 
INTRUMENTS (P) LTD.

REGULAR           NA Mr. R. K. BASSI/Mr. 
PRAVEEN KUMAR F-61, 
OKHLA INDL.AREA, PH-1
NEW DELHI-DELHI-INDIA 
Phone- 9810005826 Pincode
:  110 020  Email :
sales@vautomat com

Technical limit 
reviewed on 
12.10.2015; , 
Technical limit 
reviewed on 
30.04.2014 , 

159 145-14000-A      TRANSMITTERS S039              SMART INSTRUMENTS 
LTD, BRAZIL

REGULAR           NA Agents: Digital Electronic 
Ltd. 74/11 'C' Cross Road
MIDC Andheri (East)
MUMBAI-MAHARASHTRA-
INDIA Phone- 28208477 
Pincode  :  400093  Email :
corp@delbby.rpgms.ems.vsnl
net in

Technical limit 
reviewed on 
12.10.2015; , 
Technical limit 
reviewed on 
30.04.2014 , 



160 145-14000-A      TRANSMITTERS S106              SBEM PVT. LTD. REGULAR           NA MR.N.K. BEDARKAR/MR. 
VISHWANATH KARANDIK 
39, ELECTRONIC CO.OP.
ESTATE, PUNE SATARA 
ROAD  PUNE,-
MAHARASHTRA-INDIA
Phone- 912041030100 
Pincode  :  411009  Email :
newdelhi@sbem.co.in

Reviewed in 
MISCC dt. 
21.07.2015  for 
non-response in 
4 consecutive 
tender enquiry; 
, Technical limit 
reviewed on 
30.04.2014 & 
12.10.2015; , 

161 145-14000-A      TRANSMITTERS S001              SIEMENS LIMITED REGULAR           NA Dr. Armin Bruck/Sandeep 
Mathur 130, Pandurang 
Budhkar Marg  Worli
Mumbai-Maharashtra-INDIA
Phone- 0124 383 7377 
Pincode  :  400018  Email :
ankit.varshney@siemens.co
m

Comm Add: 
Attn Mr 
K.K.Bedi/ Mr 
Sanjay Satpute, 
Siemens Ltd. 
EFIE, Plot no 
6A, Sec-18, 
Maruti Industrial 
Area, Gurgaon - 
122015, Ph 
0124-3836250 ,
,

162 145-14000-A      TRANSMITTERS R002              EMERSON PROCESS 
MANAGEMENT (INDIA) 
PVT.LTD.

REGULAR           C Mr. Amit Paithankar/Vikram 
Raj Singh 206-
210,BALARAMA BUILDING
2ND FLR. BANDRA EAST
MUMBAI-MAHARASHTRA-
INDIA Phone- 9619121500 
Pincode  :  400051  Email :
vikramraj.singh@emerson.co
m

 ,  , 

163 145-14000-A      TRANSMITTERS P068              Pune Techtrol Pvt. Ltd. REGULAR           C N.P.Khatan/Sudhakar 
Badiger S-18, MIDC  Bhosari, 
Pune-Maharashtra-INDIA
Phone- 9850560042 Pincode
:  411 026  Email :
ho@punetechtrol.com

Technical limit 
reviewed on 
12.10.2015; , 
Manufacturing
works: J-52/7, 
MIDC, Bhosari, 
Pune

164 145-14000-A      TRANSMITTERS P082              PANAM ENGINEERS REGULAR           NA Mr. Santosh Shukla 203, 
Jaisingh Business,Parsiwada,
Sahar road,Andheri(East),
Mumbai,-Maharashtra,-India,
Phone- 9892179529, 
Pincode  :  400099,  Email :
santosh@panamengineers.co
m,

 ,  , 

165 145-14000-A      TRANSMITTERS N040              NIVO CONTROLS PVT. 
LTD.

REGULAR           C Mr. Praveen Toshniwal 104-
115, Electronic Complex,
Indore-M.P.-India Phone- 
0731-4081305 Pincode  :
452010  Email :
sales@nivocontrols.com

Registered in 
permanent
category as per 
11th MISCC-
Electrical and 
C&I (FY 2014-
15) dt. 
20.09.2014. , 
Technical limit 
reviewed on 
12.10.2015; , 

166 145-14000-A      TRANSMITTERS M091             Moore Industries 
International Inc.

REGULAR           NA Leonard.W. Moore/ Matt 
Moren 16650 Schoenborn St. 
North Hills-CALIFORNIA-USA 
Phone- +1 818 830 5548 
Pincode  :  91343  Email :
mmoren@miinet.com

INDIAN
REPRESENTATI
VE: CHEMTROL 
INDUSTRIES
LTD, ,  , 

167 145-14000-A      TRANSMITTERS E057              Endress + Hauser (India)
Pvt. Ltd.,

REGULAR           NA Mr. Prakash Vaghela 215-
216, DLF Tower 'A',  Jasola 
District Centre,  New Delhi,-
New Delhi,-India, Phone- 
9717593001, Pincode  :
110025,  Email :
prakash.vaghela@in.endress.
com

For temperature
transmitter
only. ,  , 



168 145-14000-A      TRANSMITTERS B049              ABB LIMITED REGULAR           A1 MR. RAJIV GOVIL 14, 
MATHURA ROAD,
FARIDABAD-HARYANA-
INDIA Phone- 09971085678 
Pincode  :  121003  Email :
vipin.swami@in.abb.com

(1) A GROUP 
COMPANY OF 
ABB, NOW.
(2)   NAME OF 
VENDOR
CHANGED
FROM BIRLA-
KENT TAYLOR 
LIMITED TO 
ABB LIMITED 
W.E.F.
27.06.2011 , 
Technical limit 
reviewed and 
changed on 
05.06.2014;
Technical limit 
further
reviewed on 

169 145-42000-A      ULTRASONIC FLOW METERS N209              NIVUS GMBH REGULAR           NA Mr. Marcus Fischer Im Taele 
2, D - 75031 Eppingen    --
Germany Phone- 
00491712233770 Pincode  :
Email :
carolin.schuster@nivus.com

 ,  , 

170 145-33000-A      VENTURI METER M009             MICRO PRECISION 
PRODUCTS PVT. LTD.

REGULAR           NA K.P. CHANDHOK/ATUL 
CHANDHOK 4, LINK ROAD,
FARIDABAD-HARYANA-
INDIA Phone- 9810265688 
Pincode  :  121002  Email :
pal@microa1 com

 ,  , 

171 145-33000-A      VENTURI METER S044              STAR-MECH CONTROLS 
(I) PVT.LTD.

REGULAR           C SUSHILLOTAM, 
SUSHILLOTAM, 29/3A/3,
SASANE NAGAR,
HADAPSAR,  PUNE-
MAHARASHTRA-INDIA
Phone- 02026970450 
Pincode  :  411028  Email :
marketing@starmech net

 ,  , 

172 145-33000-A      VENTURI METER T108              TM TECNOMATIC SPA REGULAR           NA MR. ANTONIO 
NOVIELLO/Mrs. Enrica 
Bazzocc VIA DELLE 
INDUSTRIE, 36    CREMONA--
ITALY Phone- 39037221574 
Pincode  :  26100  Email :
info@tmtecnomatic.com

AS PER 
DECISION OF 
MISCC-ELECT
AND C&I HELD 
ON 19.10.2012 
,  , 

173 145-40000-A      VIBRATION MONITORING 
SYSTEM

S156              SKF INDIA LIMITED REGULAR           NA Mr. Shishir Joshipura 
SERVICE BUSINESS UNIT,
CHINCHWAD,  PUNE-
MAHARASHTRA-INDIA
Phone- +91 982 3161755 
Pincode  :  411033  Email :
sandeep.gadre@skf.com

PARENT
COMPANY: SKF 
CONDITION
MONITORING
INC, USA. 
ENTIRE
RESPONSIBILIT
Y OF ALL 
CONTRACTUAL
OBLIGATIONS
SHALL BE OF 
INDIAN
VENDOR AS 
DECIDED BY 
4TH MISCC 
(ELECT AND 
C&I) HELD ON 

174 145-40000-A      VIBRATION MONITORING 
SYSTEM

R056              ROCKWELL 
AUTOMATION INDIA 
PVT LTD

REGULAR           NA A-66, SEC- 64,     NOIDA,-
UP-India Phone- 0120-
4671236 Pincode  :  201301
Email :
raindia@ra.rockwell.com;
asharma@ra.rockwell.com

PARENT
COMPANY:
ROCKWELL
AUTOMATION
INC,USA.
ENTIRE
RESPONSIBILIT
Y OF ALL 
CONTRACTUAL
OBLIGATIONS
SHALL BE OF 
INDIAN
VENDOR AS 
DECIDED BY 
4TH MISCC 
(ELECT AND 
C&I) HELD ON 



175 145-40000-A      VIBRATION MONITORING 
SYSTEM

M097             MEGGITT INDIA PVT. 
LTD.

REGULAR           NA LJ Swaminathan/Gaurav 
Anand Unit-04A, Level-02, 
Bagmane Laurel  Bagmane 
Tech Park, CV Raman Nagar
Bangalore-Karnataka-India
Phone- +91-9731577119 
Pincode  :  560093  Email :
gaurav.anand@meggitt.com

PARENT
COMPANY:
MEGGITT SA, 
SWITZERLAND.
ENTIRE
RESPONSIBILIT
Y OF ALL 
CONTRACTUAL
OBLIGATIONS
SHALL BE OF 
INDIAN
VENDOR AS 
DECIDED BY 
4TH MISCC 
(ELECT AND 
C&I) HELD ON 

176 145-40000-A      VIBRATION MONITORING 
SYSTEM

F034              FORBES MARSHALL PVT. 
LTD.

REGULAR           NA A - 34/35, MIDC ESTATE, H- 
BLOCK, PIMPRI,    PUNE-
MAHARASHTRA-INDIA
Phone- 020-27442020, 
Pincode  :  411 018  Email :
mvyas@forbesmarshall.com

IN
ASSOCIATION
WITH
SHINKAWA
ELECTRIC CO. 
LTD.,JAPAN
(V.CODE S155) 
AS PER AGREED 
SCOPE
MATRIX.ENTIRE
RESPONSIBILIT
Y OF ALL 
CONTRACTUAL
OBLIGATIONS
SHALL BE OF 
INDIAN
VENDOR ,  , 

177 145-40000-A      VIBRATION MONITORING 
SYSTEM

G068              GE INDIA INDUSTRIAL 
PVT. LTD.

REGULAR           NA Mr. Pramod Kaushik/Vijay Pal 
BUILDING NO-7A, 4TH 
FLOOR    GURGAON-
HARYANA-INDIA Phone- 
0124-4808515 Pincode  :
122002  Email :
vijay.pal@ge.com

PARENT
COMPANY:
BENTLY
NEVADA INC, 
USA. ENTIRE 
RESPONSIBILIT
Y OF ALL 
CONTRACTUAL
OBLIGATIONS
SHALL BE OF 
INDIAN
VENDOR AS 
DECIDED BY 
4TH MISCC 
(ELECT AND 
C&I) HELD ON 
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TITLE: 
TECHNICAL SPECIFICATION 

COLTCS 

SPECIFIC TECHNICAL REQUIREMENTS 

SPEC. NO.: PE-TS-412-165-N002
SECTION:    I
SUB-SECTION:   ID 
REV. NO.    00          DATE     06.01.2017 
SHEET        1       OF    1

SUB-SECTION – ID 

DATASHEET-A
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1 GENERAL 
1.1 Nos. of tube cleaning systems sets required  for 

station 
NOS. Four  (04) Nos. for 2 units 

viz. One independent set for each half of condenser 

1.2 Liquid handled  SEA Water (water analysis enclosed as Annexure-I) 

1.3 Size of  COLTCS  Nb 2500 

1.4 Length of Ball Separator MM 4000  
Note: 1. Scope of Ball Separator counter flange is in Purchaser’s scope. ( Associated 
Gaskets, nuts and bolts are in Bidder’s Scope) 
2.  Ball Separator shall be mounted directly on the existing Butterfly valve - Refer 
Annexure III. 
3.  Flap of butterfly valve shall be extended to 1200-1300 mm inside the Ball separator.

2.0 DESIGN 

2.1 Operating pressure at Condenser inlet flange kg/cm2 
(g) 

Approx 1.5 to 2.5 

2.2 Design Pressure for ball separator kg/cm2 
(g) 

5.5 kg/cm² (g) 

2.3 Design Mechanical Temperature Deg. C 60 

2.4 Condenser Details   

 a) Type of condenser  Single pass

 b) No. of Condenser sections  Nos. Two (2) 
 c) No. of passes per condenser section (viz. 

condenser half) 
Nos. One (1) 

 d) No. of tubes per condenser   Nos. 33180 
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� Condensing zone  376 

� Air Cooling zone  32804 

 e) Tube Dia. OD x Thickness   

� Top two rows mm x 
mm

24.0 x 0.889 

� Remaining mm x 
mm

24.0 x 0.7112 

 f) Length of tubes between ends. mm 14730 

 g) Tube material  Ti Gr 2 (Seamless) 

 h) Pressure drop across condenser   
  - At Normal flow 
(between Inlet and Outlet flanges of condenser) 

MWC 2.62 MWC 
(However the actual value can vary +/-10% of the design value) 

2.5 CW flow rate through  each ball separator   

     - Normal cu.m/hr 38310

     - Maximum cu.m/hr 45972 

2.6 Design differential pressure for ball separator 
strainer/screen 

Kg/cm2

(g) 
0.30 

2.7 Pressure drop across ball separator i.e. between 
inlet & outlet flanges in clean condition at 
normal flow. 

MWC 0.20 

2.8 Pressure drop across ball separator in choked 
condition when strainer backwashing starts 

MWC Not to exceed 0.30 

2.9 No. of balls required for COLTCS per condenser Nos. Minimum 10% of number of condenser tubes 
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section

3 CONNECTING PIPE DETAILS 
3.1 Condenser inlet pipe   

 a) Material  Carbon Steel to IS – 2062 Gr. B rolled & welded conforming to IS:3589 Internally lined 
with Poly Urea/CorroCoat Coating inside of 1500 Microns DFT 

 b) O.D. X Thickness mm x 
mm

2540 X 20 

3.2 Condenser outlet pipe   

 a) Material CS Carbon Steel to IS – 2062 Gr. B rolled & welded conforming to IS:3589 Internally lined 
with Poly Urea/CorroCoat Coating inside of 1500 Microns DFT 

 b) O.D. X Thickness mm x 
mm

2540 X 20 

3.3  Manhole  Yes, 600 NB size 

4.0 MATERIALS OF CONSTRUCTION 

4.1 BALL SEPARATOR 

 a) Body / housing Carbon Steel to IS -2062 Gr.B. Rubber Lined(Min. 5mm thick) inside (with minimum 
housing thickness same as connecting pipe thickness) 

 b) Screen / Strainer Duplex SS (UNS 32205/31803) 

 c) Strainer shaft  Duplex SS (UNS 32205/31803) 

 e) Internal Hardware in contact with circulating 
water including nuts, bolts , etc. 

Duplex SS (UNS 32205/31803) 

 f) Site Glass provision YES 
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4.2 BALL RECIRCULATING PUMP Non clog type 

 a) Casing Duplex SS (UNS 32205/31803) 

 b) Impeller Duplex SS (UNS 32205/31803) 

 c) Shaft ASTM A276 UNS 31803 

4.3 BALL COLLECTOR 
 a) Body / housing Carbon Steel to IS -2062 Gr.B. Rubber Lined(Min. 5mm thick) inside 

 b) Screen / Strainer/other internals Duplex SS (UNS 32205/31803) 
 c) Site Glass Provision  

YES 
4.4 Differential pressure measuring system  Super Duplex SS 
4.5 Injection nozzle  Duplex SS (UNS 32205/31803) 

4.6 Valves   

4.6.1 Check Valves (65 NB & Above)  For sizes 65 NB and above:- Swing check or dual plate type. 
 a)  Body & Bonnet  Duplex SS (UNS 32205/31803),  Flanged Ends 

 b)   Disc for Check Valve  Duplex SS (UNS 32205/31803) 

 c) Stem  Duplex SS (UNS 32205/31803) 

4.6.2 Check Valves (50 NB & Below)  For size 50 NB and below-Piston type 

 a)  Body & Bonnet  Duplex SS (UNS 32205/31803),  Screwed Ends 

 b)  Disc for Check Valve  Duplex SS (UNS 32205/31803) 

 c)  Stem  Duplex SS (UNS 32205/31803) 
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4.6.3 Gate/ Globe Valves 50 Nb & Below   

Body  & Bonnet  Duplex SS (UNS 32205/31803),  Screwed Ends 

4.6.4 � Gate Valves (upto 200 Nb) & BFV (Above 
200 Nb) 

� Body & Disc  Duplex SS (UNS 32205/31803) 

� Shaft  Duplex SS (UNS 32205/31803) 

� Stem  Duplex SS 
� Sealing, Retaining segment & internals  Duplex SS (UNS 32205/31803) 

� Bearings Self lubricating / Seal Lubricated 

� Companion Flange Same as Connecting Pipe MOC 

C) Ball valves 
 i) Body 

 ii) Ball 

iii) Stem 

Duplex SS (UNS 32205/31803) 

Duplex SS (UNS 32205/31803) 

Duplex SS (UNS 32205/31803) 

4.7 Interconnecting Piping By Purchaser 

 Material  a) PIPING UPTO 150Nb SHALL BE DUPLEX SS (AS PER SCH 40S FOR PIPE 
UPTO 50 NB & SCH 10S FOR PIPE SIZE ABOVE 50 NB) 
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b) PIPING 200 NB AND ABOVE SHALL BE CARBON STEEL AS PER IS 3589 
FABRICATED FROM IS 2062 PLATES INTERNALLY LINED WITH 

CORROCOAT OR POLYUREA COATING INSIDE OF 1500 MICRONS DFT.
5 COUNTER FLANGES for Ball Separator 

 a) Flanges Carbon Steel to IS -2062 Gr.B. or eq(Internally Lined with CorroCoat or PolyUrea) or 
Duplex SS, for thickness, drilling etc refer Annexure II in section C1 (In Purchaser’s 

Scope)

b) Fasteners SS 316 L (In Bidder’s scope). 

c) Gaskets Min 4 mm thick rubber (In Bidder’s scope). 

6 OTHER  FLANGES/ COUNTER FLANGES 
(for interconnecting piping, valves, bends, 
fittings, distributors, nozzles & support 
installation materials)

6.1 MATERIALS 

 a) Flanges/ counter flanges Duplex SS 

 b) Fasteners SS 316L 

 c) Gaskets Min 4 mm thick rubber 

7.0 Material of Other components not specified 
above

1. All Non-wetter Fastners in Bidder’s Scope shall be of SS316L material. 
2. Suitable for intended duty and shall be subject to Purchasers approval during 

detailed engg. In the event of order. 
8.0 PAINTING
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8.1 INTERNAL SURFACE (for Applications not 
in Direct Contact with Sea Water) 

 a) Surface preparation SA - 2.5 of Swedish Specn. SIS-05-59-00-1967  
/ By Sand Blasting 

 b) Primer Two coat of Epoxy Resin based Zinc Phosphate epoxy primer 

 c) Final paint Adequate no. of coats of coal  tar epoxy paint to achieve total dry film thickness of 200 to 
250 microns 

8.2 EXTERNAL SURFACE 

               a)   Surface preparation SA - 2.5 of Swedish Specn. SIS-05-59-00-1967  
/ By Sand Blasting 

         b)   Primer Two (2) coats of Epoxy primer coats with minimum thickness of 35 microns dft of each 
coat. 

 a)  Intermediate Epoxy based TiO2 pigmented coat 

        d)    Final paint Two (2) coats of High build Epoxy paint with minimum thickness of 35 microns dft of 
each coat. 

9.0 Adequate provision for future installation of 
cathodic protection 

YES (Along with Sacrificial type anodic protection by Bidder) 

10.0 Flow straightener for streamlining the CW flow 
in ball collecting strainer 

If required as per bidder’s design – the same to be incorporated by bidder in its 
constructional feature. 

11.0 The tube cleaning system shall be designed for 
following operation modes 

 a) Automatic start up initiated by push button YES 
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 b) Automatic shut down with ball collection 
effected by : 

i. Push button 
ii. Adjustable timer 

iii. Ball monitoring system 

YES 

 c) Automatic backwashing of ball separator 
with ball collection effected by : 
a. Push button 
b. Adjustable timer 
c. Diff. Pressure measuring system 

YES 

 d) Automatic emergency backwashing of ball 
separator effected by diff. Pressure measuring 
system 

YES 

 e) Automatic ball sorting initiated by push button YES 

 f) Provision for manual operation of complete 
tube cleaning system in case of control system 
failure 

YES 

 g) Whether the contacts for DPG, DPS and DPT 
are independent 

YES 

 h) Timer for Backwashing YES 
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 i) Whether the ball monitoring system is 
designed to perform the following functions : 

i. Continuously counting the balls in 
circulation and giving an alarm calling for 
investigation of ball losses when the 
number of balls falls below a set value  

ii. Continuously measuring the size of the 
balls in circulation and initiating the 
shutdown of the tube cleaning system with 
alarm calling for replacement of balls when 
the no. of oversized balls falls below a set 
value 

YES 

 j) Whether the electronic processor of the ball 
monitoring system is provided with the 
following : 
i. Indicators for required basic ball charge 

ii. Indicators for recirculating ball quantity 
iii. Indicators for oversized ball quantity 
iv. Time counters for total cleaning system 

operating hours 
v. Time counters for cleaning system 

operating hours with sufficient no. of 
oversized balls 

vi. Recorders for ball consumption 

 YES 

   
 k) Whether provision for self-testing and self-

calibration are made
 YES 

12.0 Mandatory Spares to be supplied under this 
specification. 

 YES (As indicated below) 
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12.1 Ball Circulating Pump (Complete) Set 1 Set 

12.2 415 V Motor 

12.2.
1

Terminal plates Nos. 10 Nos. each for small motors upto 30 kW & 4 Nos. each for more than 30 kW 

12.2.
2

Heaters Set 2 Sets 

12.2.
3

Greasing arrangements Set 4 sets each type of motor 

12.2.
4

Motor of each type and rating Nos. 1 No. 

12.2.
5

Bearings (DE and NDE) for each type and 
rating of motor 

Set 4 Sets 

12.3 C&I Spares 

12.3.
1

Each type of lamps, PBs, ILPBs, fuse, MCB, 
MCCB used in the equipment/system. 

Nos. 20% of installed of each type 

12.3.
2

Indicators, recorders and meters offered 
from each model for the project. These 
instruments shall be supplied with three sets 
of blank scales. 

Nos. 10 % of Installed of each type/Model or a minimum of one number for each model 
and type, whichever is more 

12.3.
3

For skid mounted instruments Nos. 10 % of total no. of instruments for each type and Model or a minimum of one 
number for each model and type, whichever is more 

12.3.
4

Temperature, Transmitters and Electronic 
Transmitters (For Pressure, DP, Temp, 
Flow, Level), Temperature, Pressure, Flow 
& Level Switch, safety switches, Gauges, 

Nos. 10% of total number of Instruments/transducers offered for each model and type 
for the project 

or a minimum of one number, whichever is more. 
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meters, Transducer or any other instrument 
etc. 

12.3.
5

Hooters, Buzzers, Cooling fans of each 
type. 

Nos. Ten (10) percent or 2 no. (Whichever is more) 

12.3.
6

Interface cables Set 2 sets of each type/model 

12.3.
7

Power supply modules (AC to DC 
Convertors) 

Nos. 10% or Five no. (Whichever is more) of each type/model 

12.3.
8

Relay based Control Panels   

12.3.
8.1 

LEDs for indicating lights Nos. 10% of qty installed. 

12.3.
8.2 

Control circuit fuses/MCB/MCCB/ 
Semiconductor Fuses

Nos. 300% of installed of each type, current rating.

12.3.
8.3 

Relays modules & contactors. Nos. 20% spare of qty Installed of each type & rating. 

12.3.
9

Alarm Annunciation System   

12.3.
9.1 

logic modules, group card modules, power 
supply modules, Hooters and any other 
electronic module. 

Nos. 20% spares of each type installed

12.3.
9.2 

un-engraved window boxes complete with 
LED etc.

Nos. 5% spares of each type installed 

12.3.
9.3 

LEDs for annunciation facia windows and 
LEDs box assemblies offered for the project 

Nos. 20% of qty installed 

12.3.
9.4 

Annunciator hooter Nos. One (1) No. of each type
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12.3.
10 

Erection Hardware   

12.3.
10.1 

Instrument valves Nos. Ten (10) percent of each type & Size installed

12.3.
10.2 

Condensate pots of each type & Size 
installed 

Nos. Ten (10) percent of total number of Installed or four numbers whichever is higher . 

12.3.
10.3 

Manifold Nos. Ten (10) percent of each type & Size installed 

12.3.
10.4 

Fittings Nos. Ten (10) percent of each type & Size installed 

Notes for Mandatory Spares:
1. For C&I Mandatory Spare not covered above: Bidder to supply 10% or 1 no. (whichever is more) of each type of sensor/instrument,

instrumentation/mechanical fittings etc for any other electronic system, feeder control cabinets, hydrastep (EWLI), Vibration Monitoring System, 
CCTV, C&I Lab Instruments, On line Carbon in Ash analyser system, On line Coal mass flow/speed measurement system, On line secondary 
air flow measurement system Mass Flow meter, Solid flow meter, 3 D Acoustic type level transmitters, Nucleonic & non nucleonic density 
transmitter etc. 

2. All Spares mentioned at S.No. 12.1 & 12.2 are for 2x660 MW units (i.e for complete station). 
3. All Spares mentioned at S.No. 12.3 are for each 660 MW unit (i.e per Unit). 
4. Spares not applicable for the Package to be specifically quoted as “NOT APPLICABLE”.
5. In case if such items of spares indicated as “not applicable” by bidder in its offer, are found applicable at a later date during execution of the 

project, such items of spares are to be supplied within the ordered cost of the mandatory spares 
6. Wherever % is indicated for the mandatory spares, the quantity shall be calculated for % of supply for total quantity for station, unless otherwise 

specified. The quantity to be reckoned for % indicated shall be rounded off to the next higher whole number. For example if the % arrived is 0.2 
the quantity to be supplied shall be 1 and if the % arrived is 5.1 the quantity to be supplied shall be 6. 

7. In respect of quantity mentioned as 'Set' means the total quantity of all the components/items used in particular equipment unless otherwise 
specified.

13.0 Documents enclosed for bidder’s reference   

� Water Analysis Attached as per Annexure-I.



TITLE : STANDARD TECHNICAL SPECIFICATION SPEC. NO.   PE-TS- 412-165-N002
DATA SHEET-A SECTION :          I

 CONDENSER ON - LOAD TUBE CLEANING SUB-SECTION:     ID
SYSTEM ( Sponge Rubber Ball Type ) REV. NO.      0` DATE: 06.01.2017

SL.NO PROJECT :                  2X660 MW ENNORE SEZ STPP

Page 13 of 13

� Counter Flange details Attached as per Annexure-II
� GA of CW piping in TG hall Attached as per Annexure-III
� End Customer Specification Attached as per Annexure-IV 



DESEIN                                                                                                                                            Vol.III: Mechanical Works 
Sea Water Treatment Plant 

 

 

2 x 660 MW Ennore SEZ Supercritical Thermal 
Power Project at Ash Dyke of NCTPS 

Spec. No. CE/C/ P & E/ EE/ E/OT No.3 /2013-14
Vol. III: 293

 
 

SEA WATER ANALYSIS

S.No. Parameter Unit Value (Range)
1 General   
a pH  7.94-8 
b Conductivity millisiemens/cm 43.8-44.1 
c Temperature Deg C 25-32 
d Turbidity NTU 20-40 
e Total Organic carbon 

(total/ dissolved) 
PPM of C 2.4-2.84 

f CO2 Mg/l <2 
g TDS Mg/l 39600-39740 
h BOD Mg/l 10-12 
i COD Mg/l 88-96 
j Oil & Grease Mg/l <10 
k Phenols Mg/l 0.08-0.09 
l Free Residual Chlorine Mg/l <0.2 
2 Cations   
a Cacium Mg/l 459-478 
b Magnesium Mg/l 1510-1516 
c Sodium Mg/l 10100-12000 
d Potassium Mg/l 358-450 
e Ammonia Mg/l 4.43-5.42 
f Stontium Mg/l 12.9-12.4 
g Barium Mg/l 1.55-1.58 
h Aluminum Total Mg/l 1-1.8 
i Aluminum Dossolved Mg/l 0.8-1.0 
j Manganese Total Micro g/l 0.2-0.6 
k Manganese Dissolved Micro g/l 0.1-0.2 
l Iron total Micro g/l 220-260 

m Iron Dissolved Micro g/l Below detectable limit 
(detectable Limit : 10) 

3 Anions   
a Chloride Mg/l 18994-19194 
b Sulphate Mg/l 3710-3949 
c Nitrate Mg/l 136-152 
d Nitrite Mg/l 0.46-0.62 
e Bicarbonate Mg/l 144-148 
f Carbonate Mg/l Nil 
g Fluoride Mg/l 2.64-2.8 
h Boron Mg/l 0.14-0.17 
i Phosphate Micro g/l 240-380 
j Sulphide Micro g/l Below detectable limit 

(detectable Limit : 100) 
k Silica Dissolved Micro g/l as SiO2 200-250 
4 Heavy Metals   
A Arsenic Micro g/l Below detectable limit 

(detectable Limit : 2) 
B Mercury Micro g/l Below detectable limit 

(detectable Limit : 1) 
C Cadmium Micro g/l 120-130 
D Copper Micro g/l 200-220 
E Nickel Micro g/l 470-490 
F Molybdenum Micro g/l Below detectable limit 

(detectable Limit : 100) 

ANNEXURE-I
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5 Suspended Particle Size 
Range

  

A 10 micron & above Mg/l Below detectable limit 
(detectable Limit : 10) 

B 5 micron to 10 micron Mg/l Below detectable limit 
(detectable Limit : 10) 

C 1 micron to 5 micron Mg/l Below detectable limit 
(detectable Limit : 10) 

D 0.1 micron to 1 micron Mg/l 20-26 
6 Colloidal Particle Size 

Range
  

A SDI (10 Minutes) - 10-20 
B SDI (5 Minutes) - 20-40 
7 Density of sea water Kg/ cum 1030 

Note : Unless otherwise indicated all elements shall be expressed in respective ionic form only.

COC of Circulating Water : 1.3
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2.7 TYPE TEST(S) TO BE CONDUCTED

Following type tests as detailed in QA portion of the Technical specification are to be 
carried out on one vacuum pump.

(a) Cavitation test
(b) Wet air test

3.0 CONDENSER ON LOAD TUBE CLEANING SYSTEM

(a) Sponge rubber ball type tube cleaning system designed for continuous & 
trouble free operation with abrasive coated balls cleaning in case of hard 
deposits inside tubes.

(b) Suitably sized non clog type ball recirculation pump to inject the cleaning balls 
into respective CW inlet pipe.

(c) Suitable ball injection nozzles.

(d) Suitable ball collecting strainer to be provided at CW discharge pipe to collect 
the cleaning ball and the same will be drawn off to the suction of ball 
recirculation pump.

(e) Sufficient capacity ball collecting vessel to hold the full charge of balls

(f) Necessary piping, fittings and accessories for complete installation of the 
system.

(g) Automatic / manual ball sorter to sort out under size balls.

(h) The system should be complete with necessary instruments, protection and 
interlocks.

(i) Provide manual and automatic back washing system with automatic collection 
of balls prior to back washing.

(j) Provision of ball monitoring system, which should at least consist of separate 
ball circulation monitor and ball oversize monitor.

(k) The ball collecting strainer should have redundant differential pressure 
transmitter, switch and gauge with remote seal type connection.

(l) The no. of balls in circulation should be at least 10% of nos. of condenser 
tubes.

(m) Bidder should indicate the number of ball losses in 1000 hrs. of normal 
operation.

(n) Enough provision for homogeneous ball injection and even distribution of balls 
throughout the condenser tubes.

(o) Avoid any dead zone inside the water box.

(p) Bidder should ensure that there should not be crowding of balls at the inlet of 
ball collecting strainer at discharge pipe.

ANNEXURE-IV
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(q) Provision to prevent losses of ball during normal and abnormal condition 
including tripping of CW pump.

(r) The ball re-circulating pumps, collector, monitor etc. shall be skid mounted.

4.0 Condensate Polishing Unit (CPU)

For maintaining the feed water purity condensate polishing plant will be provided in 

the feed water cycle at the downstream of condensate extraction pumps.  The 

function of the CPU will be to purity the condensate effluent from the condenser by 

removing solids and dissolved salts with the intent of reducing corrosion and 

depositions in the steam-water cycle. The condensate polishing units shall be of deep 

mixed bed type.  Condensate Polishing Plant including filters, mixed bed unit, 

regeneration unit, piping, valves, instrumentation as described in Chapter 6, Vol III is

included in the Bidder’s scope.  The CPU shall be provided with associated chemical 

feed system for preparing, measuring and dosing the required chemicals and with its 

external regeneration system located in DM plant building.

5.0 CONDENSATE EXTRACTION PUMP FOR EACH UNIT

(a) Configuration:

3 X 50 % Condensate extraction pumps. 

(b) Drive

Constant speed squirrel cage induction motor with speed of 1500 rpm 
(Synchronous)

(c) Constructional Requirements

Vertical, Multistage, Canister type, Centrifugal, diffuser type with double
suction first stage impeller.

(d) Shaft sealing

Mechanical seals designed to prevent air ingress to condenser even when 
the pump is under shut down and exposed to condenser.

(e) End Connections

Discharge and suction connection of weld neck type, raised steel flange as 
per ANSI B. 16.5 and to be located above floor mounting flange.

(f) Thrust Bearing

Thrust bearing for the combined thrust load of pump and motor with a rigid 
coupling between pump and motor or individual thrust bearings for pump and 
motor with a flexible coupling between motor and pump.

(g) Impeller/Casing design

Closed and nonover-loading type impeller with wear rings on pump bowls.
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d) Condenser tubes shall be visually examined for dents, mechanical damages or any other 
defects prior to insertion. Both tube ends shall be thoroughly cleaned to a length of 100mm to 
remove oil, grease etc. and shall be checked for freedom from burrs prior to insertion.

e) Tube expansion shall be carried out by electronic automatic torque control expanding unit, 
which shall be calibrated before use. Tube wall thinning and length of expansion shall be 
controlled and recorded.

f) Hydrostatic testing of condenser steam space shall be carried out after connecting all the pipes 
with the condenser along with condenser vacuum systems by filling the steam space with water 
upto the tip of the last stages of blades of LP cylinder.

g) Condenser water boxes shall be tested hydraulically at a minimum test pressure of 1.5 times 
the design pressure.

11.3. TURBINE ASSEMBLY

Bidder shall clearly indicate the extent of assembly to be carried out at site. Accordingly, bidder 
shall submit elaborate erection and assembly inspection programme of turbine for Employer's 
approval.

12.0. CONDENSER ON LOAD TUBE CLEANING SYSTEM/DEBRIS FILTER FOR MAIN TURBINE 
CONDENSER AND DRIVE TURBINE CONDENSER (IF OFFERED)

General Requirements

12.1. Ball Recirculation Pump

a) All rotating parts shall be dynamically balanced.

b) Pump casing shall be subjected to hydraulic test at 1.5 times the shut off head or twice the 
maximum working pressure whichever is higher.

c) Complete pump assembly shall be subjected to shop performance test at supplier's works.

12.2. Ball Sorter / Fabricated Body (housing)

a) In the case of fabricated design, all butt welds shall be subjected to 10% radiographic/ultrasonic 
examination. All welds shall be examined by 10% magnetic particle testing method to ensure 
freedom from surface and subsurface defects.

b) Body shall be subjected to hydraulic pressure test at 1.5 times the design pressure.

c) Performance test shall be carried out on ball sorter assembly.

12.3. Strainer

a) Strainer mesh shall be checked for chemical composition and mesh size.

b) Strainer body shall be subjected to hydraulic pressure test at 1.5 times the design pressure.

c) Strainer assembly shall be checked for its function.

12.4. The complete system and the individual equipment shall be subjected to performance testing at 
Site to demonstrate successful operation and performance to meet the design conditions. The 
tests shall also include hydraulic test, function test, check for interlocks and sequential 
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operation. Site test shall also include test to establish pressure drop across the strainer section, 
proper functioning of DELTA-P system.

12.5. Piping and Fittings

Piping and fabricated fittings shall be subjected to following NDT.

a) Butt welds of piping shall be subjected to 10% RT and 10% DP Test. Butt welds of Segmental 
flanges shall be checked by 100% RT and DPT.

b) Fillet welds with load transfer shall be subjected to 100% MPE/DPT and fillet welds without load 
transfer shall be subjected to 10% MPE/DPT.

Wrought/ forged fittings shall be tested as per relevant code/ specification/ standard.

12.6. Coating / lining

12.7. Coating shall be checked for DFT and adhesion. Further, Contractor shall furnish his practice 
for testing of coating to ensure the uniformity and freedom from pinholes.

12.8. Rubber lined items shall be hydraulically tested before rubber lining. All rubber lining is to be 
subjected to following tests as per IS-4682 part-I or acceptable equivalent:

a) Adhesion test

b) Check for resistance to bleeding

c) Measurement of thickness

d) Shore hardness test

e) Visual examination and spark test at 5 kv/mm of thickness.

12.9. VALVES

Conventional gate/ globe/ check/ ball valves shall be tested as per relevant standard.

13.0. CONDENSATE EXTRACTION PUMPS AND DRIP PUMPS (IF OFFERED)

CONDENSATE EXTRACTION PUMP

INPROCESS TEST FINAL TESTS
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Pump Casing Y Y - - - - Y - - Y -
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Impeller Y Y Y - - - Y - Y -
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1.00.00 GENERAL 

 This specification covers the design, performance and operational requirements, 
configuration and constructional features, manufacture, assembly, inspection  and  
testing at the manufacturer’s  and/or  his sub-contractor’s  works and painting for delivery  
of  condenser on-load  tube cleaning system (sponge rubber balls type)  complete with 
all  accessories as specified hereinafter. Each half of the condenser shall be provided 
with an independent tube cleaning system. 

2.00.00 CODES AND STANDARDS 

2.01.00 The design, materials,  manufacture,  inspection and testing of the condenser on-load  
tube cleaning system complete with all accessories, shall comply with the requirements 
of the  latest versions  of the following appropriate codes and standards. 

2.01.01 IS/BS/DIN/US Standards regarding pressure vessels, pumps, piping, flanges and others 
as necessary. 

2.01.02 IS/BS/DIN/ASTM Standards for materials specification and testing procedures. 

2.01.03 IS/BS/DIN/AWWA Standards for valves and the testing. 

2.02.00 In case of any conflict between the above codes/standards and this specification, the 
later shall prevail and in case of any further conflict in the matter, the interpretation of 
the specification by the Engineer shall be final and binding.   

3.00.00 DESIGN AND CONSTRUCTION 

3.01.00 General Requirements 

3.01.01 Unless otherwise necessary, manufacturer’s standard and  proven models  of the tube  
cleaning system shall be supplied. 

3.01.02 The tube cleaning  system shall be  capable  of safe,  continuous  and trouble-free  
operation for removal of fouling and scaling  materials from  condenser  tubes.  Vibration, 
noise, mechanical stresses shall be kept within allowable limits specified  by relevant 
codes/standards.  In design, due attention shall be  given to ease of  maintenance, repair 
and cleaning. 

3.01.03 Suitable Corrosion allowance shall be provided  whenever  necessary. Adequate 
provision for future installation of cathodic protection shall be provided. 

3.01.04 The tube cleaning system shall consist of ball separator at condenser outlet, recirculating 
pump, ball collector, differential pressure measuring system for ball separator, ball 
monitoring system, cleaning balls, piping valves, distributors, injection nozzles, 
instrumentations, control panel, interconnecting cables and others as necessary.  The 
configuration of the tube cleaning  system shall be  as described in section C and / or  
as per the  scheme  enclosed. 
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3.02.00 DELETED 

3.03.00 Operational Requirements.

 The tube cleaning system and other accessories shall be designed for the following  
operation  modes : 

3.03.01 Complete automatic start-up of tube cleaning system initiated by pressing   the push 
button  (manual command). 

3.03.02 Complete automatic shut-down of tube cleaning system with ball collection, effected by 
the following : 

� Push button (manual command). 
� Adjustable timer (after a defined cleaning period). 
� Ball monitoring system (when the number of oversized  balls falls below a  set value). 

3.03.02 Complete automatic backwashing of ball separator with ball collection, effected  by the 
following : 

� Differential pressure measuring system at a pre-determined differential across the 
ball separating strainer/ screen. 

� Adjustable timer 
� Push button 

3.03.04 Complete automatic emergency backwashing of ball separator with alarm, indication, 
effected by differential pressure measuring system. 

3.03.05 Manual operation for start-up, shut-down with ball collection backwashing of ball  
separator, flushing of differential pressure measuring system etc., in  case of  failure of 
control system. 

3..04.00 Ball Separator

3.04.01 Ball separator body shall be of rigid construction and shall be designed and 
manufactured  as per the applicable codes for pressure  vessels.  It shall house  the ball  
separating screen / strainer and shall  have flanged  inlet, outlet, ball extraction opening 
and pressure measuring tappings etc. Body shall be designed and manufactured as per 
the applicable codes for pressure vessels and to take care of forces and moments as 
enclosed in the specification. However in no case thickness of housing/body shall be 
less than the connecting pipe thickness as specified in data sheet A 

3.04.02    The ball separator shall be provided with manhole with bolted cover and sight glass to 
observe its internals. 

3.04.03 If specified in Data Sheet -A, ball  separator body shall be  Epoxy lined. 
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3.04.04 The ball seperating screen / strainer  shall be  designed  for the maximum differential  
pressure  across  the separator and shall be securely mounted in the body.  Screen /  
strainer shaft shall be  sized  adequately considering the overloading of screens / strainer 
due to debris accumulation. 

3.04.05 The ball separating strainers / screens shall have electric actuators for swivelling to allow 
for their backwashing.  Also suitable hand wheels shall be provided to enable manual 
swivelling  of strainers /  screens. 

3.05.00 Ball Recirculating Pump 

3.05.01 The ball recirculating pump shall be horizontal centrifugal type.  The casing shall be 
designed to withstand 1.5 times the shut-off pressure or twice the operating pressure, 
whichever is higher. 

3.05.02 The impeller shall be non-clog type and shall be contoured suitably to avoid damage to 
the cleaning balls.  The impeller shall be secured suitably to the shaft and shall be 
retained against circumferential movement by keys, pins or lock rings. Loctite compound 
shall be applied after tightening of locknuts to prevent dislocation of impeller. 

3.05.03 Replaceable type wearing ring shall be provided to prevent damage to the casing and 
impeller. 

3.05.04 Pumps shall be provided with mechanical seals to the extent feasible.  If Gland packing 
is provided it should be of good quality to be provided to prevent leakage of water from 
pump glands. 

3.05.05 Shaft size selected shall take into Consideration the critical speed which shall be away  
from the  operating  speed as  recommended  in applicable  codes / standards.  
Renewable type  fine finished shaft sleeves shall be integral with  water thrower plates 
at the end and the length must  extend beyond  the outer faces of gland packing so as 
to distinguish  between the leakage between shaft and  the shaft  sleeve  and that  past 
the seals / glands.        

3.05.06 Bearings of  adequate  design shall be  provided  for taking the entire pump load  arising 
from all  probable conditions  of  continuous operation through its  range  of operation.  
The bearings shall be designed on the basis of 20,000 working hours minimum for the 
load corresponding to the duty point.  Proper lubricating element  does not  contaminate  
the liquid  being  pumped.  Bearings shall be easily accessible without disturbing the 
pump assembly 

3.05.07 Stuffing box of suitable design to permit replacement of packing without removing any 
part other than the gland  shall be provided.  The stuffing boxes shall be sealed / cooled 
by the fluid being pumped. 

3.05.08 Pumps shall be of self-lubricated, self - sealed and self-cooled type.  All pipework, fitters 
etc., for sealing, cooling and lubricating purpose shall be supplied and no external 
cooling/lubricating/sealing water will be supplied.  Pump capacity shall take into account 
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the cooling/lubricating/sealing water requirement. 

3.05.09 All rotating components shall be statically  and dynamically  balanced. 

3.05.10 The pump shall be designed such that pump impellers and other accessories of the 
pump, are not damaged due to flow reversal. 

3.05.11 The pump shall be capable of developing the required total head at rated capacity for 
continuous operation.  Also the pumps shall be capable of being operated to give 
satisfactory performance at any point on the head Vs. flow characteristic  curve over a 
range or 40% of  rated  flow to 120 -130 % of rated  flow. 

3.05.12 The pump shall preferably be non-overloading type.  The total head Vs. capacity curve 
shall be continuously rising  from the  maximum  flow point  towards shut-off without  any  
zone of instability. 

3.05.13 The pump  shall run smoothly without undue noise and vibration.  Peak to peak vibration 
limits and noise level shall be within the acceptable values of applicable 
codes/standards. 

3.05.14 The pump and motor shafts shall be connected through a pin and rubber bush flexible 
type of couplings.  Suitable coupling guards shall be provided for the couplings. 

3.05.15 The pump shall be capable of being started with discharge valve fully opened.  Motor 
rating shall be adequate for this condition.  The output KW rating of the pump drive motor 
shall not be less than the larger of the following : 

a) Maximum power input to the pump over the entire range for maximum  flow  to 
shut-off  condition. 

b) 125% of power input  to the  pump at duty point corresponding to 103% of the rated 
speed.     

3.06.00 Ball Collector 

3.06.01 The body of the ball collector shall be designed to withstand 2.0 times the operating 
pressure or 1.5 times the recirculating pump shut-off  pressure, whichever is higher. The 
ball collector shall be designed and manufactured as per  the  applicable codes for 
pressure vessels. 

3.06.02 Ball collector shall be provided with an inspection window/sight glass for visual 
inspection of the cleaning balls. 

3.06.03 Ball collector shall be provided with suitable ports with covers for ball feeding and 
removal. 

3.06.04 The ball collector shall be provided with vent and drain connections with isolating valves. 

3.06.05 Provision shall be  made in the ball collector for separating the  undersized balls and ball 
collector shall have a  separate chamber for collecting   the  undersized balls. 
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3.06.06 If specified  in Data Sheet -A, ball collector body shall be lined with suitable resilient 
material. 

3.06.07 The differential pressure measuring system shall be provided with D.P. transmitter ,DPS 
& DPGof  remote seal arrangement. 

3.07.00 Differential Pressure Measuring System.     

3.07.01 The ball separator shall be provided with a measuring  system for differential pressure 
across the ball separating  strainer/screen, to check debris accumulation  and to initiate 
ball catching and  backwashing operations. This shall consist of a differential pressure 
switch/transmitter for automatic backwashing operation, a differential pressure guage 
for manual observation   with adequate number of tappings with isolating  valves. 

3.07.02 The contacts for differential pressure switch/transmitter and for  differential pressure 
guage shall be  independent  so that in the event of failure  of one, the other is available. 

3.07.03 The differential pressure measuring system shall be with remote seal arrangement . 

3.08.00 Ball Monitoring System 

3.08.01 Ball monitoring system shall be provided for continuously monitoring the quantity and 
size of the cleaning balls in circulation.  The monitoring system shall perform the 
following functions : 

a) Continuously counting the oversize balls in circulation and giving an alarm calling 
for investigation of ball losses, when the number of oversize circulating balls falls  
below a set valve. 

b) Continuously measuring the size of the balls in circulation and initiating the shut-
down of the tube cleaning system with alarm calling-for replacement of balls when 
the number of oversized balls falls below a set valve. 

c) Bidder’s if not manufacturing ball oversized monitor, can supply automatic ball sorter 
in lieu of same for automatic sorting of the undersized balls. 

3.08.02 The monitoring system shall be of proven and reliable design and shall be complete with 
necessary transducers, amplifiers, transmission lines, power cables and electronic 
processor etc. 

3.08.03 The electronic processor of the ball monitoring system shall be housed in the control 
panel and shall consist the following : - 

 a) Indicators for  
� required basic ball charge. 
� recirculating ball quantity. 
� oversized ball quantity. 
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 b) Time counters for 
� total cleaning system operating hours. 
� cleaning system operating hours with sufficient  number of oversized balls. 

 c) Recorder for ball consumption. 

3.08.04 The ball monitoring system shall have provisions for self-testing  and self-calibration. 

3.09.00 Cleaning Balls 

3.09.01 The sponge rubber cleaning balls shall be slightly oversized to the internal diameter of 
condenser tubes and should be able to  remove all fouling and scaling deposits in the  
condenser tubes.  

3.09.02 The specific gravity of the cleaning balls shall be such that good distribution of balls 
across  the tube  sheet and cleaning of all tubes are ensured. 

3.09.03 The composition of the cleaning balls shall be based on natural rubber and shall be 
suitable for temperature upto 1000C. Hardness of the cleaning balls   shall be  compatible 
to tube  material and corrosion/fouling behaviour.  If cleaning  balls consist of abrasive 
coated balls, the abrasive material  shall  also be compatible for use with the tube 
material. 

3.09.04 Calculations and basis for selection of cleaning balls circulation quantity, type, size, 
hardness, cleaning frequency etc., shall be furnished during contract stage. 

3.10.00 Piping, Valves, Distributors  and Injection Nozzles.   

3.10.01 Interconnecting piping, valves, injection nozzles and other fittings shall be designed to 
withstand 2.0 times the operating pressure or 1.5 times the pump shut-off pressure 
whichever is higher. 

3.10.02 Interconnecting piping shall be sized and routed optimally. Velocity in the pipe work shall 
be less than 1.5 m/s for pump suction and less than 2.2 m/s in other pipe work. 

3.10.03 Necessary isolation valves, vent and drain valves for various equipments shall be 
provided.  Valves shall conform to appropriate standards.  Valves provided in ball 
transport piping shall be ball type.  Gland packing of all valve shall be of superior quality 
to avoid leakage. All valves upto 150 Nb shall be ball valves. For higher sizes , gate / 
globe /B.F. valves shall be provided. All instrument valves shall be needle valves. 

3,10.04 Adequate  number  of ball injection nozzles shall be provided for proper  distribution of 
cleaning balls  in condenser inlet.  Ball injection nozzles shall be flanged type and shall  
have two sets of flanges, one for connecting to ball transport  pipe and other for 
connecting to the stub on condenser inlet pipe for ease of removal during  repairs or 
checking. 

3.10.05 Distributors ( if applicable) with sight glass shall be provided wherever ball transport 
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piping branching out or joining together  for proper  guidance of cleaning balls. 

3.10.6 Type of valves shall be ball valves, no diaphragm type  valve  shall be used. 

3.11.00 Actuators

 3.11.00 Tube cleaning system shall be provided with actuators wherever necessary for various  
automatic operations.  The actuators shall be electric motor operated and shall meet  the 
requirements of the enclosed  specification.  The actuator shall be provided  with 
auxiliary handwheel  for manual  operation in the event of control system failure. 

3.12.00 Electric Motors 

 The drive motors for recirculating pump and differential pressure measuring system 
flushing pump shall conform to the requirements of the enclosed specification. 

3.13.00 Instrumentation  and Control System. 

3.13.01 Complete instrumentation and control system for automatic operation of tube cleaning 
system, protection, interlocking, indication / annunciation of  differential  pressure and 
other malfunctions etc., shall be provided.  This shall  consist  of adequate  operational  
hardware, local control panel ( As applicable ) and interconnecting control and power 
cabling between the control panel and various equipments in the tube cleaning system. 

3.13.02 The control panel shall house all necessary  instruments, indicating /  annunciation 
lamps, alarms, differential  pressure  indicator, timer, function selection switches,  ball   
monitoring  system processor, relays, protection and interlocking systems,  start / stop 
push button etc., and  shall be  complete  with internal wiring.  The control panel shall 
meet the requirements of the enclosed  specification. 

3.13.03 Pressure guages shall be provided at recirculating  pump suction and discharge.  All 
instrumentation  shall be of reputed make and shall meet the requirements of the  
enclosed  specifications. 

3.14.00 Other Accessories. 

3.14.01 Counter flanges, complete with gaskets, bolts and nuts etc.,  shall be supplied  for ball 
separator  inlet, outlet connections and all other terminal  points Fabrication, dimensions 
and drilling of the flanges shall conform to the codes/standards specified in Data Sheet-
A / Section -C. 

3.14.02 Ball recirculating pump,  ball collector with interconnecting piping and valves, shall be 
mounted on a frame.  For fixing  the frame, necessary  foundation plates, bolts, nuts etc. 
shall be provided. 

3.14.03 Suitable lifting arrangement shall be provided for various equipments of the tube  
cleaning system, for handling during  erection and maintenance. 



TITLE   : SPECIFICATION NO.PE-TS-999-165-N002

STANDARD TECHNICAL SPECIFICATION  SECTION :          II

 CONDENSER ON - LOAD TUBE CLEANING SUB-SECTION :     IIA

SYSTEM ( Sponge Rubber Ball Type ) REV. NO.      01 DATE :26.05.2016
SHEET         8      OF       11 

4.00.00 DELETED 

5.00.00 SHOP INSPECTION AND TESTS 

5.01.01 General 

5.01.01 Manufacturer shall conduct all tests and stage inspections as per the approved quality 
plan to ensure that the various equipments and other accessories of the tube  cleaning 
system shall conform to the requirements of this specification and of the applicable 
codes / standards. 

5.01.02 All materials used for manufacture /fabrication of the various equipments of the tube 
cleaning system  shall be of tested quality.  Relevant test certificates for    chemical 
analysis, mechanical tests and heat treatment shall be made   available before the final  
shop inspection.  In case the relevant  test certificates are not available, the 
manufacturer shall arrange to carry out the necessary tests as per the approved quality 
plan and applicable codes at his cost for  which samples shall be identified by  BHEL’s  
representative. 

5.01.03 All shop  tests  shall be  conducted as per approved quality plan and  test  certificates / 
reports for the same  shall be  furnished  to  BHEL  for approval. 

5.01.04 Qualification of welding procedures and welders shall be as per ASME B&PV code, 
Section - IX / applicable codes. 

5.2.00 Ball  Separator 

5.02.01 Chemical analysis, mechanical tests shall be carried out on materials  used for body, 
strainer /  screen, strainer / screen shaft  and other  appurtenances as per the applicable 
material specification standards. 

5.02.02 All butt welded joints shall be subjected to radiographic/ ultrasonic testing as per  
applicable codes.  However, all  welded joints shall be subjected to 100%  magnetic 
particle /  penetrant testing to ensure freedom from defects. 

5.02.03 Strainer / screen shaft shall be subjected  to ultrasonic  test as per ASTM-A388 for 
subsurface defects  with acceptance norms as per  ASME  B&PV  code, Section VIII, 
Division 1. 

5.03.00 Ball Recirculating Pump 

5.03.01 Chemical analysis, mechanical tests shall be  carried out on materials used for  casing, 
impeller, shaft, sleeves, wear rings etc., as per the  applicable  material specification 
standards. 

5.03.02 The casting used for pump casing and impeller shall be sound, clean and free from 
porosity, blow holes, hard spots, cold shuts, distortion and other harmful defects.  All 
accessible surfaces of the impeller shall be subjected to penetrant test as per  ASTM-
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E165 for surface defects with acceptance norms as per ASME B&PV  code, Section VIII, 
Division 1. No welding or repairs shall be carried out without prior permission of BHEL. 

5.03.03 Pump shaft and sleeves shall be subjected to ultrasonic test as per ASTM - A388 for 
sub-surface  defects and penetrant test after finish  machining as per ASTM-E165 for 
surface defects. 

5.03.04 Wear rings  shall be subjected to penetrant test as per  ASTM-E165. 

5.03.05 Pump impellers and rotor assembly shall be statically and dynamically  balanced as per 
ISO-1940 

5.04.00 Ball Collector 

5.04.01 Chemical analysis, mechanical tests  shall be carried out on materials  used for  body 
and other appurtenances /  accessories  as per  the applicable material specification 
standards. 

5.04.02 All but welded joints shall be subjected  to  radiographic /  ultrasonic testing as per 
applicable codes.  However, all welded joints shall be subjected to 100%  magnetic  
particle /  penetrant testing to ensure freedom from defects.               

5.05.00 Piping, Valves, Distributors, and  Injection Nozzles. 

5.05.01 Chemical analysis, mechanical tests shall be carried out for materials  used  for  piping, 
fittings, valves, distributors and  injection nozzles. 

5.05.02 All welded joints of distributors & injection nozzles shall be  subjected to penetrant test 
as per ASTM-E165 for surface defects with acceptance norms as per  ASME B&PV  
code, Section VIII, Division 1. 

5.05.03 Inspection and testing of valves including leakage test shall be   carried out as per the 
requirements of the applicable standards.  Valve stem and ball shall be subjected  to 
penetrant test  as per  ASTM-E165. 

5.05.04 All materials for various nozzles, stubs, gaskets, nuts, bolts etc. shall be of tested quality 
and correlating test  certificates  for chemical and mechanical  properties shall be  
furnished. 

5.06.00 Rubber Lining (as applicable) 

 Rubber lining shall be subjected to surface crack test, 100% spark and hardness tests 
and shall be checked  for layer thickness, defects etc. 

5.07.00 Flanges

5.07.01 Chemical and mechanical test certificates shall be furnished for flange materials. 

5.07.02 In case of fabricated flanges, all the welds shall be  subjected to  100%  radiography as  
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per ASME B&PV  code, Section VIII, Division 1. 

5.07.03 In case of forged flanges, ultrasonic testing shall be carried out as per ASTM-A 388. 

 5.07.04     If the thickness of the plate used for  flanges is 40mm or more, the same shall be  checked 
ultrasonically as per ASTM-A435 to demonstrate the absence of  lamination and lack of 
fusion etc. 

5.07.05 Flanges shall be checked for edge preparation, fit up and satisfactory working with 
matching parts. 

5.08.00 Dimensional Checks.

 Dimensional checks for  various equipments/components of the tube cleaning  system 
shall be carried out as  per assembly drawing approved by BHEL.  Alignment and fit up 
of movable parts shall be checked. 

5.09.00 Hydrostatic Test

 Hydrostatic test shall be conducted on various assemblies / equipments / components 
of the tube cleaning system at a pressure of 1.5 times and design pressure.   The 
duration of the  test shall be  minimum 30 minutes. 

5.10.00 Leakage Test 

 Leakage test shall be  conducted at the design  pressure on all assemblies of the  tube 
cleaning system to demonstrate that  the assemblies are leak tight and no water 
seepage  shall  take  place  at  various nozzles and valve connections.   

5.11.00 Performance Test on Recirculating Pump 

 Performance test  on recirculating  pump with drive motor shall be conducted as per  BS-
599 / ASME PTC 8.0.  Performance  curves i.e., discharge flow Vs head, discharge flow  
Vs  power consumption and discharge flow  Vs  efficiency shall be  plotted and 
acceptance norms shall be as per  BS-599 / ASME PTC 8.0.  Vibration and noise  shall 
be  measure and acceptance norms shall be as per  Hydraulic Institute (USA) standard. 

5.12.00 Functional Tests 

 Various assembles / equipments / components of the tube cleaning system shall be  
subjected to functional tests and the following shall be checked. 

5.12.01 Smooth and free operation of all movable parts. 

5.12.02 Interlock and sequential operation. 

5.12.03 Satisfactory operations of ball monitoring system. 
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5.12.04 Satisfactory operations of actuators torque switches, limit switches etc. 

6.00.00 TESTING AT SITE 

 After completion of installation at site, the tube cleaning system will be tested to check 
that the tube cleaning system performance meets the requirements of  this specification.  
Rectification of all defects shall have to be  done by the supplier at no extra cost to the 
owner /  purchaser.  However, the owner /  purchaser reserves the right to reject the 
equipments / parts not meeting the requirement if  the deficiency  still persists. 

7.00.00 QUALITY ASSURANCE & QUALITY PLAN 

7.01.00 The tube cleaning system and other accessories to be supplied, shall have assured  
quality and workmanship. 

7.02.00 Typical quality plans are enclosed herewith this specification for bidder’s guidance.  The 
bidder shall furnish his own quality plan based on materials, equipments and 
components of the tube cleaning system being offered. 

8.00.00 NAME PLATE AND TAG NUMBERS 

8.01.00 Ball separator, recirculating pump, ball collector shall be provided  with a  permanently 
attached  brass or stainless steel plate indicating the following details :- 

a)  Design and maximum flow rates. 
b)       Design and test pressures. 

 d) Design temperature. 
 e) Empty and operating weights. 

8.02.00 Each valve in the tube cleaning system shall be provided with a name plate indicating 
the following :- 

a) Service. 
b) Design and test pressures. 
c) Maximum flow and  flow direction. 
d) Size. 
e) Tag Number. 

 Tag Numbers will be indicated  on the drawings submitted for approval during 
contractstage. 

8.03.00 Each motor shall be provided with a name plate indicating the following details: 

a) Supply conditions. 
b) KW Rating. 
c) Make. 
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1.00.00 DRAWING, DATA & INFORMATION TO BE SUBMITTED AFTER THE AWARD OF 
CONTRACT.

 After the award of contract, the following drawings, data and information is to be 
submitted for review / approval of BHEL. 

1.01.00 The drawings to be submitted by bidder in event of award of contract shall be as per cl. 
10.0 (b), sub-section-1A. 

1.01.01 Data sheet (s) - B. 

1.01.02 Final versions of the following drawings to enable BHEL to finalise the layout and to 
design foundations and structures:- 

a) General arrangement /  installation drawings of ball separator, ball recirculating 
unit, control panel  each complete with all accessories, incorporating the principal 
dimensions and weights of equipment  offered, size and location of various nozzle 
connection, supporting arrangement (wherever applicable) and scope of supply 
etc. 

b) Foundation arrangement drawings (wherever applicable) showing load data on 
supports, size and location of anchor bolts etc. 

c) General arrangement drawing indicating the layout of the equipments and 
interconnecting piping with pipe supports. 

1.01.03 Bar chart and inspection schedule. 

1.02.00 Within the stipulated time period as per Vendor’s drawing /document list, the following 
shall be submitted.  

1.02.01 Cross Sectional/ detailed drawing of ball separator, recirculating pump,  ball collector, 
differential pressure measuring system, ball monitoring system distributors, injection 
nozzles actuators, motors, control panel etc, indicating bill of quantities and materials  of 
construction. 

1.02.02 Final versions of calculations and basis for selection of cleaning balls circulation quantity,  
type, size, hardness, cleaning frequency etc.  

12.2.03 Flow and control logic diagrams for various operations of the tube cleaning  system. 

1.02.04 Detailed schedule of valves indicating Tag numbers, type, make size, pressure and 
temperature ratings, materials etc. 

1.02.05 Detailed schedule of instruments indicating tag numbers, type, make, materials ,  of 
construction, range and accuracy etc. 

1.2.6 Detailed schedule of piping and fittings indicating sizes, materials, maximum working 
pressure and temperatures etc.  
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1.02.07 Control panel layout and list of instruments provided on control panel. 

1.02.08 List  of annunciations, protections and interlocks provided. 

1.02.09 Detailed drawings of flanges. 

1.02.10 Ball recirculating pump performance characteristic curves. 

1.02.11 Write-up and instruction  manuals for erection, operation and maintenance. 

1.02.12 Storage instructions. 

1.02.13 Vendor  to send 3 sets of final documents (O&M manual, GA drg, P&ID) direct to site 
under intimation to PEM. 
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1.0 INTENT OF SPECIFIATION 

The specification covers the design, materials, constructional features, manufacture, inspection and 
testing at manufacturer’s work, and packing of Low voltage (LV) squirrel cage induction motors 
along with all accessories for driving auxiliaries in thermal power station. 

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

2.0 CODES AND STANDARDS

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

IS:325 Three phase Induction motors 
IS : 900 Code of practice for installation and maintenance of induction motors 
IS: 996 Single phase small AC and universal motors 
IS: 4722 Rotating Electrical machines 
IS: 4691 Degree of Protection provided by enclosures for rotating electrical machines 
IS: 4728 Terminal marking and direction of rotation rotating electrical machines 
IS: 1231 Dimensions of three phase foot mounted induction motors 
IS: 8789 Values of performance characteristics for three phase induction motors 
IS: 13555 Guide for selection and application of 3-phase A.C. induction motors for 

different types of driven equipment 
IS: 2148 Flame proof enclosures for electrical appliance 
IS: 5571 Guide for selection of electrical equipment for hazardous areas 
IS: 12824 Type of duty and classes of rating assigned 
IS: 12802 Temperature rise measurement for rotating electrical machnines 
IS: 12065 Permissible limits of noise level for rotating electrical machines 
IS: 12075 Mechanical vibration of rotating electrical machines 

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

3.0 DESIGN REQUIREMENTS

3.1 Motors and accessories shall be designed to operate satisfactorily under conditions specified in data 
sheet-A and Project Information, including voltage & frequency variation of supply system as defined 
in Data sheet-A 

3.2 Motors shall be continuously rated at the design ambient temperature specified in Data Sheet-A and 
other site conditions specified under Project Information 
Motor ratings shall have at least a 15% margin over the continuous maximum demand of the driven 
equipment, under entire operating range including voltage & frequency variation specified above. 

3.3 Starting Requirements

3.3.1 Motor characteristics such as speed, starting torque, break away torque and starting time shall be 
properly co-ordinated with the requirements of driven equipment. The accelerating torque at any 
speed with the minimum starting voltage shall be at least 10% higher than that of the driven 
equipment. 

3.3.2 Motors shall be capable of starting and accelerating the load with direct on line starting without 
exceeding acceptable winding temperature. 
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 The limiting value of voltage at rated frequency under which a motor will successfully start and 
accelerate to rated speed with load shall be taken to be a constant value  as per Data Sheet - A during 
the starting period of motors. 

3.3.3 The following frequency of starts shall apply 

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

ii) Three equally spread starts in an hour the motor being initially at a temperature not exceeding  
the rated load operating temperature. (not to be repeated in the second successive hour) 

iii) Motors for coal conveyor and coal crusher application shall be suitable for three consecutive 
hot starts followed by one hour interval with maximum twenty starts per day and shall be 
suitable for mimimum 20,000 starts during the life time of the motor 

3.4 Running Requirements

3.4.1 Motors shall run satisfactorily at a supply voltage of 75% of rated voltage for 5 minutes with full load 
without injurious heating to the motor. 

3.4.2 Motor shall not stall due to voltage dip in the system causing momentary drop in voltage upto 70% of 
the rated voltage for duration of 2 secs. 

3.5 Stress During bus Transfer

3.5.1 Motors shall withstand the voltage, heavy inrush transient current, mechanical and torque stress 
developed due to the application of 150% of the rated voltage for at least 1 sec. caused due to vector 
difference between the motor residual voltage and the incoming supply voltage during occasional auto 
bus transfer. 

3.5.2 Motor and driven equipment shafts shall be adequately sized to satisfactorily withstand transient 
torque under above condition. 

3.6 Maximum noise level measured at distance of 1.0 metres from the outline of motor shall not exceed 
the values specified in IS 12065. 

3.7 The max. vibration velocity or double amplitude of motors vibration as measured at motor bearings 
shall be within the limits specified in IS: 12075. 

4.0 CONSTRUCTIONAL FEATURES

4.1 Indoor motors shall conform to degree of protection IP: 54 as per IS: 4691. Outdoor or semi-indoor 
motors shall conform to degree of protection IP: 55 as per IS: 4691and shall be of weather-proof 
construction. Outdoor motors shall be installed under a suitable canopy 

4.2 Motors upto 160KW shall have Totally Enclosed Fan Cooled (TEFC) enclosures, the method of 
cooling conforming to IC-0141 or IC-0151 of IS: 6362.  

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

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

4.5 Frames shall be designed to avoid collection of moisture and all enclosures shall be provided with 
facility for drainage at the lowest point. 

4.6 In case Class ‘F’ insulation is provided for LV motors,  temperature rise shall be limited to the limits 
applicable to Class ‘B’ insulation. 
In case of continuous operation at extreme voltage limits the temperature limits specified in table-1 of 
IS:325 shall not exceed by more than 10�C.

4.7 Terminals and Terminal Boxes

4.7.1 Terminals, terminal leads, terminal boxes, windings tails and associated equipment shall be suitable 
for connection to a supply system having a short circuit level, specified in the Data Sheet-A. 

 Unless otherwise stated in Data Sheet-A, motors of rating 110 kW and above will be controlled by 
circuit breaker and below 110 kW by switch fuse-contactor. The terminal box of motors shall be 
designed for the fault current mentioned in data sheet “A”. 

4.7.2 unless otherwise specified or approved, phase terminal boxes of horizontal motors shall be positioned 
on the left hand side of the motor when viewed from the non-driving end.  

4.7.3 Connections shall be such that when the supply leads R, Y & B are connected to motor terminals A B 
& C or U, V & W respectively, motor shall rotate in an anticlockwise direction when viewed from the 
non-driving end. Where such motors require clockwise rotation, the supply leads R, Y, B will be 
connected to motor terminals A, C, B or U W & V respectively. 

4.7.4 Permanently attached diagram and instruction plate made preferably of stainless steel shall be 
mounted inside terminal box cover giving the connection diagram for the desired direction of rotation 
and reverse rotation. 

4.7.5 Motor terminals and terminal leads shall be fully insulated with no bar live parts. Adequate space 
shall be available inside the terminal box so that no difficulty is encountered for terminating the cable 
specified in Data Sheet-A. 

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

4.7.7 Separate terminal boxes shall be provided for space heaters.. If this is not possible in case of LV 
motors, the space heater terminals shall be adequately segregated from the main terminals in the main 
terminal box. Detachable gland plates with double compression brass glands shall be provided in 
terminal boxes. 

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

4.7.9 Cable glands and cable lugs as per cable sizes specified in Data Sheet-A shall be included. Cable lugs 
shall be of tinned Copper, crimping type. 

4.8 Two separate earthing terminals suitable for connecting G.I. or MS strip grounding conductor of size 
given in Data Sheet-A shall be provided on opposite sides of motor frame. Each terminal box shall 
have a grounding terminal. 

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

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

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

4.9.4 Necessary fitments and accessories shall be provided on motors in accordance with the latest Indian 
Electricity rules 1956. 

4.9.5 All motors rated above 30 kW shall be provided with space heaters to maintain the motor internal air 
temperature above the dew point. Unless otherwise specified, space heaters shall be suitable for a 
supply of 240V AC, single phase, 50 Hz. 

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

4.9.7 Unless otherwise specified, the colour of finish shall be grey to Shade No. 631 and 632 as per IS:5 for 
motors installed indoor and outdoor respectively. The paint shall be epoxy based and shall be suitable 
for withstanding specified site conditions. 

5.0 INSPECTION AND TESTING

5.1 All materials, components and equipments covered under this specification shall be procured, 
manufactured, as per the BHEL standard quality plan No. PED-506-00-Q-006/0 and  PED-506-00-Q-
007/2 enclosed with this specification and which shall be complied. 

5.2 LV motors of type-tested design shall be provided. Valid type test reports not more than 5 year shall 
be furnished. In the absence of these, type tests shall have to be conducted by manufacturer without 
any commercial implication to purchaser.  

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

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

6.0 DRAWINGS TO BE SUBMITTED AFTER AWARD OF CONTRACT

 a) OGA drawing showing the position of terminal boxes, earthing connections etc. 
 b) Arrangement drawing of terminal boxes. 
 c) Characteristic curves:  
  (To be given for motor above 55 kW unless otherwise specified in Data Sheet).

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

iii) Torque vs. speed at rated voltage and minimum voltage.  
For the motors with solid coupling the above curves i), ii), iii) to be furnished for the 
motors coupled with driven equipment. In case motor is coupled with mechanical 
equipment by fluid coupling, the above curves shall be furnished with and without 
coupling.

iv) Thermal withstand curve under hot and cold conditions at rated 
 voltage and max. permissible voltage. 
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SL. COMPONENT/OPERATION CHARACTERISTICS CAT. TYPE/ EXTENT OF REFERENCE ACCEPTANCE FORMAT AGENCY REMARKS
NO. CHECK METHOD OF CHECK DOCUMENT NORM OF RECORD

CHECK P W V

1 3 4 5 6 7 8 9 10 11

1.0 ASSEMBLY 1.WORKMANSHIP MA VISUAL 100% MANUF'S SPEC MANUF'S SPEC -DO- 2 - -

2.DIMENSIONS MA -DO- -DO- MFG. DRG./ MFG. DRG./ -DO- 2 - -
MFG. SPEC. MFG. SPEC.

3.CORRECTNESS MA VISUAL 100% MFG.SPEC./ MFG.SPEC. -DO- 2 - -
COMPLETENESS RELEVANT IS RELEVANT IS
TERMINATIONS/
MARKING/COLOUR
CODE

2.0 PAINTING 1.SHADE MA VISUAL SAMPLE MANUFR'S BHEL SPEC. LOG BOOK 2 - -
SPEC/BHEL SAME AS
SPEC./RELEVANT COL.7
STANDARD

3.0 TESTS 1.ROUTINE MA -DO- 100% IS-325/ SAME AS TEST 2 1 NOTE -1
TEST INCLUDING BHEL SPEC./ COL.7 REPORT &
SPECIAL TEST DATA SHEET NOTE-3
AS PER BHEL 
SPEC.

2.OVERALL MA MEASUREMENT 100% APPROVED APPROVED INSPN. 2 1 - NOTE -1
DIMENSIONS & & DRG/DATA DRG/DATA REPORT &
ORIENTATION VISUAL SHEET SHEET NOTE-3

 & RELEVANT IS

BHEL PARTICULARS BIDDER/VENDOR
NAME

SIGNATURE

SPECIFICATION : 

2



CUSTOMER  : PROJECT-2X660MW ENNORE TPP
               QUALITY PLAN TITLE NUMBER  : 

BIDDER/       :  QUALITY PLAN SPECIFICATION : 
VENDOR      NUMBER PED-506-00-Q-006, REV-01 TITLE :

SHEET 2 OF 2 SYSTEM ITEM  AC ELECT. MOTORS BELOW 55KW (LV) SECTION   VOLUME III
SL. COMPONENT/OPERATION CHARACTERISTICS CAT. TYPE/ EXTENT OF REFERENCE ACCEPTANCE FORMAT AGENCY REMARKS
NO. CHECK METHOD OF CHECK DOCUMENT NORM OF RECORD

CHECK P W V

1 3 4 5 6 7 8 9 10 11

3.NAMEPLATE MA VISUAL 100% IS-325 & IS-325 & INSPN. 2 1 -
DETAILS DATA SHEET DATA SHEET REPORT

NOTES:

1 ROUTINE TESTS ON 100% MOTORS SHALL BE DONE BY THE VENDOR. HOWEVER, BHEL SHALL WITNESS ROUTINE TESTS ON RANDOM SAMPLES.  THE
 SAMPLING PLAN SHALL BE MUTUALLY AGREED UPON

2 WHERE EVER CUSTOMER IS INVOLVED IN INSPECTION, (1) SHALL MEAN BHEL AND CUSTOMERS BOTH TOGETHER.
3 FOR EXHAUST/VENTILATION FAN MOTORS OF RATING UPTO 1.5KW , ONLY ROUTINE TEST CERTIFICATES SHALL BE FURNISHED FOR SCRUTINY.

Legends for Inspection agency

1. BHEL/CUSTOMER
2. VENDOR (MOTOR MANUFACTURER)
3. SUB-VENDOR (RAW MATERIAL/COMPONENTS SUPPLIER)

P. PERFORM
W. WITNESS
V. VERIFY

BHEL PARTICULARS BIDDER/VENDOR
NAME
SIGNATURE
DATE BIDDER'S/VENDORS COMPANY SEAL

SPECIFICATION :

2



TITLE: 
TECHNICAL SPECIFICATION 

COLTCS 

STANDARD TECHNICAL REQUIREMENTS 

SPEC. NO.: PE-TS-412-165-N002
SECTION:    II
SUB-SECTION:   IIC 
REV. NO.    0          DATE     06.01.2017 
SHEET        1       OF    1

SUB-SECTION - IIC 

STANDARD TECHNICAL SPECIFICATION (C &I) 

NOT APPLICABLE



TITLE: 
TECHNICAL SPECIFICATION 

COLTCS 

STANDARD TECHNICAL REQUIREMENTS 

SPEC. NO.: PE-TS-412-165-N002
SECTION:    III
SUB-SECTION:    
REV. NO.    0          DATE     06.01..2017 
SHEET        1       OF    1

SECTION III 

DOCUMENTS TO BE SUBMITTED BY BIDDER 



TITLE  :           SCHEDULE OF PERFORMANCE GUARANTEES   SPEC. NO.   PE-TS- 412-165-N002
FOR

CONDENSER ON LOAD TUBE CLEANING SYSTEM (COLTCS) VOLUME :         III  

Sheet     1         of     1               Date- 06.01.2017
      

PARTICULARS OF BIDDER/ AUTHORISED REPRESENTATIVE

NAME DESIGNATION SIGNATURE DATE COMPANY SEAL

S.NO. DESCRIPTION UNITS

                    
2X660 MW ENNORE SEZ STPP

1. Pressure drop across the 
ball collecting Strainers (i.e. 
between inlet & outlet 
nozzle) under clean 
condition and Normal flow 
condition 

MWC 

2 Percentage of ball recovery 
(minimum) 

%

3 Life of sponge rubber balls Weeks  



TITLE : COMPLIANCE CERTIFICATE FOR 
COLTCS

SPEC. 
NO.

PE-TS- 412-165-N002

PROJECTS: 2X660 MW ENNORE SEZ 
STPP 

DATE: 06.01.2017 

SHEET  1  OF 2 

COMPLIANCE CERTIFICATE  

The bidder shall confirm compliance with following by signing/ stamping this compliance certificate 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 with regard to same.  

b) There are no other deviations w.r.t. specification 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/Customer’s Consultant approval and 
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. Charges for 3rd party inspection (TUV/ equivalent) for imported components 
wherever required shall be included by bidder in the base price itself. 

d) Any drawing/ document/ data-sheet/ calculation/ Quality plan/ Instrumentation etc. submitted along 
with the offer shall be considered for reference only, same shall be subject to BHEL/ 
Customer/Customer’s Consultant approval in the event of order. 

e) The offered materials shall be either equivalent or superior to those specified in the specification.  
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 including balls shall be supplied on ‘As Required Basis’ and to be 
supplied at the time of commissioning of COLTCS system & prices for same included in the base 
price itself.  
Prices for special tools & tackles, if any, shall also be included in the base price.  
Recommended spares for 3 years shall be quoted separately with price indicated separately. 

g) Charges for Installation Checks, Commissioning of equipments, Trial runs and Performance Testing 
at site shall be included by bidder as per the price format. 

h) The main flanges for Ball separator shall be suitable for the forces and moments as per the 
specification. 

j)  Injection nozzles – 2/4 numbers of stubs of 100 NB or size as informed by bidder shall be provided 
by BHEL. The injection nozzles, counter flanges for the stubs along with nuts, bolts and gaskets 
shall be supplied by the bidder. 

k) Number of balls (Normal as well as abrasive) for COLTCS shall be as specified i.e Number of balls 
per charge shall be @ 10% of no. of tubes per condenser section.  

l) The hydrostatic test pressure shall be 1.5 times the design pressure. 

m)  All sub - vendors shall be subject to BHEL/ Customer/Customer’s Consultant approval in the event 
of order.  

n) The Performance guarantees of equipments shall stand valid till the satisfactory completion of 
performance testing & its acceptance by BHEL/ Customer/Customer’s Consultant. 

o) The orientation of piping around COLTCS shall be finalised during detailed Engg. 



TITLE : COMPLIANCE CERTIFICATE FOR 
COLTCS

SPEC. 
NO.

PE-TS- 412-165-N002

PROJECTS: 2X660 MW ENNORE SEZ 
STPP 

DATE: 06.01.2017 

SHEET  2  OF 2 

p) Electrical/ C&I : 

� All selected motor ratings have minimum 15 % margin over maximum continuous demand of the 
driven equipment including voltage and frequency variations, temperature rise and other factors.  

� Supply of electrical viz. LT power cables, instrumentation and control cables, cable glands, lugs, 
cable trays etc. shall be as per specification. Their erection shall be done by BHEL 

� The junction boxes for termination of DPT/ DPS/ Actuator LS/ solenoid valves/ Ball oversize 
monitor/ Ball recirculating monitor are included in bidder’s scope. The instrumentation cable and 
cabling from instruments/ actuators to junction boxes is also included in bidder’s scope. 

� Valve actuators and controls shall be provided as specified in Data Sheet-A and Project specific 
requirements as specified in Sub-Section IB & Section IC. 

� Alarms/ annunciations/ instruments shall be finalised during detailed engineering in the event of 
order which shall be subject to BHEL/ Customer/Customer’s Consultant approval and shall be 
without any commercial implications to BHEL.   



Title          DATA SHEET - B 
        CONDENSER ON LOAD TUBE

 SPECIFICATION NO.     
                   PE-TS-999-165-N001

CLEANING SYSTEM VOLUME      III            PART   A

(SPONGE RUBBER BALL TYPE)   SHEET       1     OF     13 
INSTRUCTION    1.   This data sheet shall be read in conjunction with Specification No. PE-TS-412-165-N002. 
TO BIDDER               
                    2.  Items which deviate from Specification shall be marked with an asterisk (*) 
SL.NO.                                ITEM                                               UNIT            
PARTICULARS 

Name of  
Bidder/ Vendor 
 Revision Number 0 1 2 3 4

 Signature of Bidder/ Vendor 
Authorised Representative  

    

Date  :     

1.0 General : 

1.1 Number of Tube Cleaning System sets 

being supplied. 

Nos.  

1.2 Type   

1.3 Liquid handled   

1.4 Manufacturer   

1.5 Country of origin 

2.0 Design : 

2.1 Design Pressure Bar (g)  

a) Ball Separator 

b) Ball Recirculating Pump 

c) Ball Collector   

d) Piping 

e) Valves 

f) Distributors 

g) Injection Nozzles 

2.2 DesignTemperature oC

2.3 Operating pressure at condenser inlet Bar (g) 

2.4 Design differential pressure  Bar (g)  

2.5 Flow rate through ball seperator M3/hr

a) Normal 

b) Maximum allowable 

2.6 Flow rate through ball collector M3/hr

a) Normal 
b) Maximum allowable 
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 SPECIFICATION NO.     
                   PE-TS-999-165-N001

CLEANING SYSTEM VOLUME      III            PART   A

(SPONGE RUBBER BALL TYPE)   SHEET       2     OF     13 
INSTRUCTION    1.   This data sheet shall be read in conjunction with Specification No. PE-TS-412-165-N002. 
TO BIDDER               
                    2.  Items which deviate from Specification shall be marked with an asterisk (*) 
SL.NO.                                ITEM                                               UNIT            
PARTICULARS 

Name of  
Bidder/ Vendor 
 Revision Number 0 1 2 3 4

 Signature of Bidder/ Vendor 
Authorised Representative  

    

Date  :     

3.0 Guaranteed Performance 

3.1 Whether condenser back pressure/ 
overall heat transfer coefficient is 
guaranteed that it will be permanently 
maintained as long as the tube cleaning 
system is in operation. 

 YES/NO 

3.2 Pressure drop across the ball separator 
(i.e., between inlet and outlet 
connections) : 

a) Normal flow condition 

b) Maximum allowable flow condition 

3.3 Power consumption by ball recirculating 
pump during : 

a) Normal operation 
b) Ball collection operation 
c) Ball sorting operation 

KW  

3.4 Quantity of cleaning balls required per 
set for an operating period of one year 

Nos.  

4.0 Operation :

Whether tube cleaning system is 
designed for the following operation 
modes : 

4.1 Automatic start-up initiated by push 
button. 

 YES/NO 

4.2 Automatic shut-down with ball collection 
effected by : 

a) Push button  YES/NO 

b) Adjustable timer  YES/NO 

  Ball monitoring system  YES/NO 
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 Signature of Bidder/ Vendor 
Authorised Representative  

    

Date  :     

4.3 Automatic backwashing of ball separator 
with ball collection effected by : 

a) Differential pressure measuring 
system 

 YES/ NO 

b) Adjustable timer  YES/ NO 
c) Push button  YES/ NO 

4.4 Automatic emergency backwashing of 
ball separator effected by differential 
pressure measuring system. 

 YES/ NO 

4.5 Automatic flushing of differential 
pressure measuring system. 

 YES/NO 

4.6 Automatic ball sorting initiated by push 
button. 

 YES/NO 

4.7 Whether provision for manual operation 
of the complete tube cleanaing system is 
made in case of control system failure. 

 YES/NO 

5.0 Ball Separator : 

5.1 Make 

5.2 Nos. provided per set Nos.  

5.3 Code/ Standard 

5.4 Body outer diameter mm  

5.5 Body thickness mm  

5.6 Manhole type & size mm  

5.7 Whether sight glass is provided   

5.8 No. of screens/ strainers provided per 

each ball separator 

Nos.  

5.9 Type of arrangement provided to prevent 
lodging of the debris at the entrance of 
ball extraction pipes. 
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 Signature of Bidder/ Vendor 
Authorised Representative  

    

Date  :     

5.10 Clearance between screen/ strainer 

bars.

mm  

5.11 Materials : 

a) Body/ Housing 

b) screen/ Strainer section   

c) Screen/ Strainer shaft 

d) Hardware for fixing the screen/ 

Strainer

e) Other internal hardware 

f) External hardware 

5.12. Lining material (if applicable) 

6.0 Ball Recirculating Pump : 

6.1 Make   

6.2 Nos. provided per set Mos.  

6.2 Design discharge flow M3/hr

6.4 Design discharge pressure Bar  

6.5 Design pump Speed RPM  

6.6 Design pump efficiency %  

6.7 Seal for the pump   

6.8 Materails :   

a) Casing   

b) Impeller   

c) Shaft 

7.0 Ball Collector : 

7.1 Nos. provided per set Nos. 
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Date  :     

7.2 Code/ Standard   
    
7.3 Whether inspection window/ sight glass 

is provided. 
 YES/ NO 

7.4 Materials : 

a) Shell/ Body   
b) Internals 

7.5 Lining material (if applicable) 

7.6 Whether provision for separating and 
collecting the undersized balls, is made 

 YES/ NO. 

8.0 Differential Pressure Measuring 
System: 

8.1 Differential Pressure Switch/ Transmitter 

a) Type  

b) Make and Model 

c) Range 

d) Accuracy 

e) Material of sensing element 

f) No. of contacts Nos.  

g) Contact rating 

h) Enclosure 

i) Mounting 

8.2 Whether differential Pressure gauge is 
provided for manual observation. 

8.3 Diffrential Pressure Gauge : 

a) Type  

b) Make and Model 

c) Range 
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d) Accuracy 

e) Material of sensing element 

f) No. of contacts Nos.  

g) Dial size mm  

h) Enclosure 

i) Mounting 

8.4 Whether the contacts for differential 
pressure gauge and switch/ transmitter 
are independent. 

 YES/ NO 

9.0 Timer for Backwashing

9.1 Timer make   

9.2 Range of duration setting   

9.3 Range of frequency 

10.0 Ball Monitoring System : 

10.1 Type 

10.2 Maake & Model 

10.3 Whether ball monitoring system is 
designed to perform the following 
functions : 

a) Continuously counting the balls in 
circulation and giving an alarm 
calling for investigation of ball losses, 
when the number of circulating balls 
falls below a set value 

 YES/ NO 

a) Continuously measuring the size of 
the balls in circulation and initiating 
the shut-down of the tube cleaning 
system with alarm calling for 
replacement of balls, when the 
number of oversized balls falls below 
a set value. 
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10.4 Whether electronic processor of the ball 
monitoring system is provided with the 
following  

a) Indicators for 

� Required basic ball charge  YES/ NO 
� Recirculating Ball quantity  YES/ NO 
� Oversized ball quantity  YES/ NO 

b) Time counters for  

� Total cleaning system operating 
hours

 YES/ NO. 

� Cleaning system operating hours 
with sufficient number of 
oversized balls 

 YES/NO 

c) Recorder for ball consumption  YES/NO 

10.5 Whether provision for Self-testing and 
Self Calibration are made 

 YES/NO 

11.0 Cleaning Balls : 

11.1 Type   

11.2 Size mm  

11.3 Specific gravity   

11.4 Material   

11.5 Hardness   

11.6 Total Ball recirculation quantity per set Nos.  

11.7 abrassive coated ball recirculation 
quantity per set - (if any) 

No.s  

    
12.0 Piping  : 

12.1 Ball Extraction Piping
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a) OD x thicknes mm x mm  
b) Material   
c) Length of piping being supplied M

12.2 Ball Transport Piping 

a) OD x thicknes mm x mm  
b) Material   
c) Length of piping being supplied M

12.3 Differential pressure measuring system 
flushing piping. 

a) OD x thicknes mm x mm  
b) Material   
c) Length of piping being supplied M

12.4 Any other 

13.0 Valves (Indicate Type of Valves) 

13.1 Sizes : mm  

13.2 Nos. provided per set Nos.  

13.3 Materials 

a) Body   
b) Disc/ Trim   
c) Shaft 

14.0 Distributors  

14.1 Nos. provided per set Nos.  

14.2 Materials : 

a) Body   
b) Sight glass   
c) Sight glass flanges   
d) Internal parts 
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14.3 Lining material (if applicable) 

15.0 Injection Nozzles : 

15.1 Nos. provided per each CW inlet pipe Nos.  

15.2 Size of the stubs to be provided in CW 
inlet pipe for installing the injection 
nozzles. 

mm  

15.3 Material 

15.4 Lining material (if applicable) 

16.0 Actuators : 

16.1 Actuators for ball separator : 

a) Nos. provided per ball separator No.s  

b) Type & make 

c) Motor rating  KW  

16.2 Actuators for ball collector 

a) Nos. provided per ball collector No.s  

b) Type & make 

c) Motor rating  KW  

16.3 Actuators for Valves: 

a) Nos. provided per set No.s  

b) Type & motor 

c) Motor rating  KW  

16.4 Any other 
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17.0 Electric Drive Motors

17.1 Drive motor for recirculating pump : 

a) Type and make 

b) Rating KW  

17.2 Drive motor for differential pressure 
measuring system flushing pump (if 
applicable) 

a) Type and make 

b) Rating KW  

17.3 Any other. 

18.0 Control Panel 

18.1 Type   

18.2 Model & Manufacturer   

18.3 Operating Voltage/ frequency V/ Hz  

18.4 Control Voltage/ frequency V/ Hz  

18.5 Materials of housing and door   

18.6 Protections/ interlocks provided for :   

18.7 Class of Protection   

18.8 Control Hardware 

18.8 Alarms/ Annunciations provided for : 

18.9 Indicators provided for : 

18.10 Whether interconnecting control and 
power cabling between the control panel 
and various drive is included in the offer. 

19.0 Pressure gauges : 

19.1 Manufacturer & Type, Model   
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19.2 Nos. provided per set Nos.  
19.3 Location   
19.4 Dial size mm  
19.5 Range & Accuracy   
19.6 Materials of construction : 

a) Sensing element   
b) Movement   
c) Casing 

19.7 Enclosure 

19.8 Mounting 

20.0 Counter Flanges : 

20.1 Whether counter flanges complete with 
gaskets, bolts and nuts etc. for all 
terminal points are included in the offer. 

 YES/ NO 

20.2 Type 

20.3 Rating 

20.4 Materials 

a) Flanges   
b) Bolts and Nuts   
c) Gaskets 

20.5 Code/ Standard 

21.0 Whether lifting arrangement is provided 
for various equipments. 

 YES/ NO. 

22.0 Whether ball recirculating pump, ball 
collector with interconnecting piping and 
valves are mounted on a single frame. 

 YES/ NO 

23.0 Whether supports (wherever necessary) 
complete with foundation plates, bolts, 
nuts, inserts etc. are included in the 
offer. 

 YES/ NO 
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24.0 Shop Inspection and Tests  

24.1 Whether all the tests and inspections as 
detailed in the specification/ quality plan 
are carried out. 

 YES/ NO 

24.2 Hydrostatic Test  :  

a) Test Pressure  Bar (g)  

� Ball Separator 
� Recirculating Pump 
� Ball Collector 
� Distributors 
� Injection nozzles 
� Piping & Valves 

a) Test duration Minutes  

24.3 Lekage Test : 

a) Test Pressure Bar (g)  
b) Test duration Minutes  

25.0 Painting : 

25.1 External Surfaces : 

a) Surface Preparation   
b) Primer   
c) Finish 

25.2 Internal Surfaces : 

a) Surface Preparation   
b) Primer   
c) Finish 

26.0 Weights : 

26.1 Empty Weight Kg.

a) Ball Separator   
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b) Recirculating pump   
c) Ball collector   
d) recirculating unit 

26.2 Operating weight  kg  

a) Ball Separator   
b) Recirculating pump   
c) Ball collector   
d) recirculating unit 

26.3 Weight of the heaviest equipment/ 
assembly to be handled. 

kg. 

27.0 Overall Dimensions 

27.1 Ball Separator 

27.2 Recirculating Unit 

28.0 Other information (if any )   
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