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Technical Specification for detailed Engineering & Supply of
Wet ball mill Piping (Water, Slurry & Instrument Air),Valves and
instruments for Ramagundam project

1.Purpose

This specification stipulates the requirements for Design, engineering, manufacture /
fabrication, supply, inspection & testing, transportation, handling, lowering, laying &
joining, pipe component assembly, hydro-testing, performance guarantee of Slurry
piping, Water piping and instrument air piping, design & supply of Valves, Instruments,
Strainers, Pipe Fittings, pipe supports, Flanges, Gaskets, Bolting material etc as per
the wet ball mill P&ID’s.

It also covers of Piping layouts, isometrics, stress analysis and supports detailing for
wet ball mill piping equipment.

Bidder shall refer Document No.BA89255 for qualification requirement.

2. General Information

Application : Flue Gas Desulphurization plant (wet)
Medium handled : Corrosive, abrasive slurry (Limestone)
Surrounding : Hot, dusty, humid & corrosive atmosphere
Installation : Outdoor (open to sky)

Operation : Continuous/Intermittent

3 SCOPE OF WORK:

Total number of mills -2. (1 working+1stand by). Scope of supply shall include for
both mills requirement.

Vendor shall thoroughly understand and supply material as per the below annexures

Annexure-1 Piping and valves specification which broadly covers the codes and
standards to be followed, Design and construction, scope of supply and services,
specification of pipes and fittings, services of various categories of valves,
specification of gate,/Globe/ check/ball valves and butter fly valves.

Annexure-2 P&ID of wet ball mill

Annexure 3 Wet ball mill building layout drawing for equipment’s location
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Annexure 4 Wet ball mill GA drawing to understand equipment.
Annexure-5 Lime stone properties

Annexure-6 Mass flow balance.

Annexure-7 Control and Instrumentation specification
Annexure-8 TECHNICAL SPECIFICATION OF MOTORS
Annexure-9 SPECIFICATION FOR CABLES

Annexure-10 MANDATORY SPARES

Annexure-11 LIST OF DEVIATIONS EXCEPTIONS

Annexure-12 INDICATIVE VENDOR LIST

Annexure-13 SPECIFICATION FOR ACTUATORS

Slurry Pipes sizes up to 300 NB can be provided with either rubber lining / FRP
material (silicon carbide coating on slurry exposed surface). Above 300 NB it
shall be rubber lining only. FRP material Shall be as per ASTM2310 and testing
as per ASTM B2583

For Slurry pipes with Carbon Steel Rubber lined (CSRL): The slurry pipes shall
be lined with replaceable wear resistant natural rubber lining of minimum 6 mm
thickness. Additional thickness of 2 mm in rubber lining shall be provided at
bends.

The scope of supply shall include but not limited to the following

Vendor shall ensure & quote for both mills requirement. Supply and design
includes inside wet ball mill building and up to slurry storage tank.

3.1Design and Supply

1.Design of all Water, Slurry & Instrument Air Piping Arrangement Documents and
supply of all Water, Slurry & Instrument Air Piping as per the attached P&D
ANNEXURE -2. Vendor shall ensure the sizes of pipes with respect to mass flow
balance given in ANNEXURE-6.

2. Design and supply of all the instruments as per the attached P&ID, ANNEXURE-2.
Including level transmitters placed on mill circuit tank.

3.Design and supply of all the valves covered in P&ID, ANNEXURE -2.
4.Design & supply of Strainers, Pipe Fittings, pipe supports, Flanges, Gaskets, Bolting
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material and other equipment’s to complete the system .

5. Design and submission of Piping layouts, isometrics, 3d model, stress analysis and
supports detailing documents..

6 Design and submission of All piping (Slurry, water and instrument air) lines and
valves sizing report documents

7.Submission of Bill of material documents.

Design shall also Includes basic engineering, detail engineering, preparation and
submission of engineering drawings/calculations/datasheets/quality assurance
documents/field quality plans, Bill of materials ,storage instructions, commissioning
procedures, Erection & assembly Drawings, operation & maintenance manuals,
performance guarantee test procedures.

**Bidder shall ensure and supply all the items required for completeness of the
system.

In case, deviations are considered essential by the Bidder (after exhausting all
possible Efforts), the same shall be separately listed in the enclosed ANNEXURE-11.

No deviation or exception shall be permitted without the written approval of the
purchaser.

Compliance to this specification shall not relieve the Bidder of the responsibility of
furnishing equipment and accessories/auxiliaries of proper design, materials and
workmanship to meet the specified start up and operating conditions.

4.Inspection & Testing :The scope of the bidder includes all shop tests, type tests,
site tests, routine tests etc., fulfilment of complete quality assurance & inspection
requirement and related activities for all the equipment & systems covered under the
scope of the bidder. Testing shall be carried out in presence of the BHEL / BHEL
approved representative based on the BHEL/CUSTOMER approved quality plan,
drawings and relevant standards. During inspection, the internal inspection reports
shall be submitted to BHEL for info.

5.Painting: The bidder scope of work includes supply of paints and painting of all
equipment’s as per approved painting schedule .

6.Supervision of Erection & commissioning: Includes supervision of erection &
commissioning,
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7 .Performance Guarantee Test: the guarantee tests shall be carried out as per
approved Performance guarantee test procedure, all the special equipment, tools and
tackles, instruments, measuring devices required for successful conductance test shall
be provided by bidder free of cost.

8. Marking

The marking on pipe shall include the following:

The manufacturer's emblem / logo Pipe size details: Nominal dia, thickness
e Class of pipe (Pressure rating & Stiffness)
e Spool no (if pre-fabricated)
e Batch no. or date of manufacture

e Colour bands (if applicable)

9. Electrical:

The scope of supply for electrical system shall include, but not limited to the following.
Vendor shall follow Annexure-8 MOTOR SPECIFICATION for design and supply of
electrical items.

SI.No. | Package scope matrix

1 Cables between bidder's supplied equipment and its

raceway Bidder
2 Cable glands and lugs for bidder supply cable Bidder
3 Cable glands for all other cable (all incoming cable) Bidder
4 Skid or equipment mounted Junction Box (JB) Bidder
S) Local Electrical Control Panel (as required) Bidder
6 Electric motors complete with main & auxiliary terminal

boxes, space heaters, RTD, BTD, (all temperature detector | Bidder
along with transmitter) and earthing pads.

7 VFD with accessories (cable sizing, cable race way and cable

procurement between VFD and VFD operated motor) Bidder

8 Motorised valves with actuators & integral starter of actuator. | Bidder

9 | Grounding provision for all equipment for connection to the | Bidder
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Purchaser’s earthing conductor/grid. Skid mounted equipment
shall be earthed through skid ground pad. All the equipment
on by Supplier’s skid shall be earthed up to the skid ground
pad.

10 | Special Cable (if any) including cabling, termination &

. . . . Bidder
accessories, Cable trays/conduits with supporting system.

11 Any other required electrical devices for safe and trouble free

operation of the plant Bidder

10 Control & Instrument
Vendor shall follow Annexure-7 CONTROL AND INSTRUMENTATION SPECIFICATION
For design and supply of electrical items.

.10.1 The instruments and controls to be furnished and erected under this specification
are as required for safe and satisfactory operation of the Bidder supplied system, as
outlined under mechanical section and as specified elsewhere in the specification. For
the equipment and materials procured by the bidder from his sub-vendors, the bidder
shall study the specification, safety requirements, interface drawings for such
equipment and material in detail and shall coordinate his work with his sub vendors
and FGD DDCMIS

(By purchaser) system and supply instrumentation and control to suit the actual
equipment.

10.2 Complete Control & Instrumentation (C&l) systems with all accessories, as per
final approved P&ID & Flow Diagram, whether or not specifically included in this
specification, shall be supplied by bidder, within the quoted price.

10.3 All the necessary field instrumentation (i.e. Transmitters, process actuated
switches, sensors, final control elements, solenoid / motor operated valves, etc. as per
finally approved P&ID/Flow Scheme. shall be supplied by Bidder.
.10.4 All transmitters, gauges etc. shall be suitably grouped together and

Mounted inside:

Local Instruments Enclosures (LIES) in case of open areas

In Local Instrument Racks (LIRs) in case of covered areas.

Instrument rack / enclosure shall be free standing type with CRCA steel with Epoxy
coating (RAL 7035) — Bidder shall follow the approved painting schedule will be
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given during detail engineering.

Each enclosure shall be robust, rigid and having a viewing glass to take readings.
Canopy shall be provided for all the racks.

All transmitter / gauges drains shall be connected to drain header bottom of the Rack
(1” Size drain header). Same is not applicable for diaphragm type instrument.

Stainless Steel Tag plate to be firmly fixed with screws. Field mounting shall be done
with SS anchor fasteners to be provided by supplier.

Each device shall be so mounted and piped with adequate spacing allowed for wiring
so that instrument removal, replacement, and servicing may be accomplished without
interruption of service to adjacent devices or unduly disturbing piping and tubing.

Instruments shall be located in instrument enclosure or rack containing maximum up to
six instruments.

Dimension shall be provided by supplier. In case grouping is not possible and installed
individually, canopy shall be provided. The grouping and design of racks/ canopy shall
be approved by Employer during detail engineering. Bidder shall supply LIE/LIR as per
finally approved drawings within the quoted price.

10.5 For skid mounted instruments and instruments integral to equipments, process
connection and piping can be in line with bidder’s standard and proven practice.

10.6. Detailed operation and control philosophy for all the equipment’s shall be
furnished by bidder and the same shall be subject to purchaser / owner’s approval
during detailed engineering.

10.. All instruments/JB/racks shall be tagged as per Purchaser’s tagging philosophy.
10.8 Scope of C&l Cable and Cable engineering:

Bidder shall include following instrumentation and control cables in bidder's scope along
with all accessories like Cable glands, lugs, ferrules, etc. Further, complete package
cable engineering for Bidder’s supplied cables shall be in Bidder’'s scope.

¢ From field instruments/ valves/ devices to JB’s — Bidder’s scope

e From JB’s/field instruments/valves/ devices to Bidder’s supplied Local panels :
Bidder’s scope

e Between BIDDER'’s supplied items — Bidder’s scope

e From JB’s/ local panels to DDCMIS cabinet — Purchaser’s Scope

10.9 All required mounting & erection hardware like impulse pipes/ tubes, SS/ PVC
insulated copper tubes, root/ drain valves and instrument fittings, snubbers, pulsation
dampeners, gauge protector, counter flanges, cable glands, and instrument rack/
stanchion/ enclosure for installing Bidder’s supplied instruments on as required basis.
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10.10 The equipment shall employ latest state of the art technology to guard against
obsolescence. In any case, Bidder shall be required to ensure supply of spare parts for
lifetime of the plant. In case, the Bidder feels that certain equipment/component is likely
to become obsolete, the Bidder shall clearly bring out the same in his Bid and indicate
steps proposed to deal with such obsolescence.

10.11 For DDCMIS preparation of logic/loops in case of operation from DDCMIS, 1/O
list, Drive list, Instrument List, mimics/ displays etc. shall be provided by Bidder for
implementation in DDCMIS.

10.12 Bldder shall provide 10 quantity (DI, DO, Al, AO) for bidder supplied equipment in
the offer.

10.13 Bidder shall support as required for smooth engineering including DDCMIS up to
commissioning & handover of bidder supplied equipment along with Control system
(DDCMIS) to Purchaser.

10.14 All actuators shall be certified for SIL 2 or better.

* Communication protocol to be followed shall be profibus type.

11. Packing & Transportation Requirements

Ends of pipe, fittings and pipe openings shall be sealed to prevent entrance of dirt,
water, or other foreign matter. All pipe and pipe fittings shall be suitably protected,
coated, covered or boxed to prevent damage or deterioration during transit, handling
and storage at site, till the time of erection.

Each packing shall have necessary handling marks. Boxes, bags, or bundles of small
parts shall be tagged or labelled with weatherproof tags. Each packing shall contain a
packing slip indicating the details of item like item description, quantity, weight etc.
Detailed packing list shall be submitted for BHEL approval for giving dispatch
clearance by BHEL.

Details of handling & Storage instruction shall also be provided in each packing.
Vendor shall submit a write up for safe handling and stacking of pipes during
transportation and at site.

All items shall be properly packed with adequate cushioning material to prevent rough
handling and transport. Special care shall be given to prevent damage to the piping
components.

In case of transport by ship, packing shall be sea worthy so as to ensure safe delivery
till site.
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The material being delivered at site shall be jointly inspected by BHEL and vendor.
Defective or damaged pipe shall be rejected by BHEL and vendor is liable to replace
the same with new ones without any commercial implications to BHEL. In case of
minor damage, the BHEL may allow repair of the pipe by the Vendor to the satisfaction
of the BHEL.

12.PAINTING REQUIREMENTS

Painting shall be followed as per approved painting scheme. However, for components
where no specific requirement is stipulated, the painting conforming to the
requirements stipulated below shall be as per OEM practice

13. Documents Submission:

13.1 Documents along with offer

Bidder shall submit the following drawings/data and technical information along with
their Techno-commercial offer

ltem | Description

1. General arrangement drawing of belt weight feeder

Quality assurance plan(QAP)

Published equipment brochures and documents

Experience/installation list of similar projects

Other vendor supplied supporting documents

Warranty & performance guarantee schedule

Sub vendor list

Guaranteed auxiliary power consumption

© X N oo AW N

Complete electrical load list .

13.2 Documents after award of contract. Bidder shall submit the following
drawings/data and technical information along with after award of contract. For
approval or Information:
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Iltem | Description
1. All Piping Arrangement Drawings (Water, Slurry &
Instrument Air) - In Mill Building
2. All piping (Slurry, water and instrument air) lines and
valves sizing report
3. Data sheet of Pipe & fittings for Air & water system
= 4. Data sheet of Pipe Fittings for Slurry application
[S2 [
E ) 5. Data sheet of Pipe for Slurry application
=P=7
- % 6. Data sheet of valves for Air & water
= o
S = 7. Data sheet of valves for Slurry application
2 2
58 8. Data sheets & catalogues for Instrumentation Cables
=y & Special Cables of Ball Mill
E = 9. Data Sheets & Catalogues for Process Water Control
= 3 Valve of Ball Mill
=)
2 5 £ 10. Datasheet & Catalogue of Density Meter (Mass Flow
E <3 Meter)
m >
é o E 11. Datasheet and Catalogue for Temperature
S 28 Transmitters (LIR Mounted)& Pressure transimeters
2=
% gg 12. Datasheet of Non-Intrusive Motorised Actuators
=<=£ | [13. | JB GA&IGA drawing
Oz =
E g s |14 GA & IGA dwg of LIR mounted Temp Transmitter
§ _‘g g 15. Total Instrumentation Data Sheet
» O
£73 16. Piping layouts documents, isometrics, stress analysis
g 32 and supports detailing for wet ball mill piping
£ 3 equipment
g é 17. Isometric drawings
é’ = 18. supports detailing for wet ball mill piping equipment.
19. Quality assurance plan(QAP)
20. Utility Consumption & Lubricating Oil List
REVISION PREPARED BY APPROVED BY DATE
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21. Equipment sizing & Motor sizing calculations
22. Sub vendor items documents & quality plans
23. Sub vendor list
24, GA Drawings with dimensional details of all offered
panels
25. Complete electrical load list .
g . 26. loading details(static and dynamic loads) Drawing,
E ) Anchor Bolts, mounting plates static & dynamic
S E details
© 3
g 2 27. Cross sectional drawings
E o 28. Erection and commissioning manual
Sl
E é’ 29. Performance test procedures
E ‘z: 30. Shop inspection and test procedures
. = E 31. Operation and maintenance manual in a
< 5 £ comprehensive manner prepared for use by operating
<3 and maintenance personnel.(3 sets)
+r
I §
23z
05 e MDL shall be finalized with the successful Bidder after award of contract.
(=9
A o'd
E %g e Other drawings as may be required will be determined at a later date.
=S .=
% 2 = e Bidder shall submit instruction manual for all the equipment’s covered under
E g i the scope of bidder as per agreed engineering schedule. The instruction
S § 3 manuals shall contain full details required for erection, commissioning,
O B .5 . . .
23 operation and maintenance of each equipment. The manual shall be
i'g 2 specifically complied for this project. The erection portion of manual shall
g § contain erection strategy, sequence of erection, erection instructions, critical
g § checks (along with permissible deviations/tolerance), Bill Of Materials,
£ é procedure for erection, general safety procedures to be followed. Procedure
'j:) = for initial checking after erection, procedure for testing (along with
= acceptance norms) check list for commissioning/pre-commissioning
activities, List of tools and tackles.
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14. SUPERVISION OF ERECTION, TESTING AND COMMISSIONING

The erection of piping ,valves and instruments will be done by owner (BHEL) as per
Erection Manual and check List provided by bidder. The bidder has to supervise
for erection, pre-commissioning & post- commissioning check-up, start-up, trial runs
of all the items covered under the scope of supply.

There will be two visits . The bidder will be informed well in advance for the visit.
Bidder shall consider 15 working days.

In case erection and commissioning activities get delayed due to any account,
resulting into overstay of vendor supervisory engineer beyond schedule time, then
BHEL shall pay for additional man-day stay of vendor supervisory engineers.
Vendor to quote Per day cost for deputation along with this offer.

TA/DA, boarding and lodging shall be borne by the bidder and shall be inclusive in
supervision charges portion.

Charges for supervision of Erection & commissioning shall be quoted by the bidder.

**Confirmation shall be taken from BHEL during detail engineering for Mating flanges and inter
connection details accordingly material shall be supplied.

**All the utility pipes (water pipes, instrument air, etc.,) are provided at single point near to
limestone ball mill building. Bidder has to further take the piping from the point terminated by

BHEL

14.Guarantee/ Warranty Requirement:

18 months from the date of commissioning or 24 months from the date of supply
whichever is early

15.Mandatory spares: Mandatory spares shall quote as per attached annexure-10

along with offer.

Price comparison for evaluating the lowest bid will be considered all main supply,
supervision of E&C charges and mandatory spares price.
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16 Excusions

1 .WET BALL MILLIS

2.MILL CIRCUIT TANKS
3.MILL CIRCUIT PUMPS

4 HYDROCYCLONES
5.WEIGH FEEDERS
6.STORAGE SLURRY TANKS

7.HOISTS

8.MILL INLET& OUT CHUTES
9.FEEDER INLET OUTLET GATES ALONG WITH CONNECTION CHUTES
10 UMATIC DIVERTER &GATE ALONG WITH CHUTES

11.PNEUMATIC DISTRIBUTION BOX

ANNEXURES LIST:

Annexure
S1. No.

Description

1.

SPECIFICATION FOR PIPES ,PIPE FITTINGS AND VALVES

P& ID FOR WET BALL MILL

WET BALL MILL BUILDING DRAWING

MILL GA DRAWING

LIME STONE AND WATER PROPERTIES

MASS FLOW BLANCE WBM

CONTROL AND INSTRUMENTATION SPECIFICATION

RN | B

TECHNICAL SPECIFICATION OF MOTORS

SPECIFICATION FOR CABLES

10.

MANDATORY SPARES

11.

LIST OF DEVIATIONS EXCEPTIONS

12.

INDICATIVE VENDOR LIST

13.

SPECIFICATION FOR ELECTRIC ACTUATORS

14.

UTILITIES TERMINAL POINT DETAILS
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VARIANTS - TABLE

VARIANT NO. DESCRIPTION MATEIRAL
CODE
00 WBM PIPING DESIGN&SUP INC VALV&INS RAMA BA9789254008
01 SLURRY VALVES BA9789254016
02 SLURRY LINE BENDS BA9789254024
g . 03 TRANSMITTERS OF ALL TYPES AND MODEL BA9789254032
% % 04 DENSITY METER BA9789254040
%3 05 PROCESS ACTUATED SWITCHES BA9789254059
g fo 06 LOCAL GAUGES BA9789254067
§ § 07 VALVES OF ALL TYPES AND MODELS BA9789254075
E E, 08 2 WAY, 3WAY, 5WAY VALVE MANIFOLDS BA9789254083
Z 2 09 PIPE FITTINGS BA9789254091
g L‘E ?é; 10 PURGE METERS BA9789254105
é % g 11 FILTER REGULATORS BA9789254113
é 5; § 12 zgg \,(AND ELECTRO-HYDRAULIC ACTUATOR BA9789254121
§ z g‘ 13 VALVE TRIM (INCLUDING CAGE, PLUG, STEM, BA9789254130
2 g?;; 14 DIAPHRAGMS, O’ RINGS, SEALS ETC. OF ALL BA9789254148
; % £ 15 PRESSURE GAUGES OF ALL TYPES, MAKE, BA9789254156
5 % § 16 SOLENOID VALVES BA9789254164
% § %‘ 17 POSITIONER UNITS (COMPLETE UNIT) BA9789254172
E s 18 PNEUMATIC AIR-FILTER/REGULATOR BA9789254180
I % 19 AIR LOCK RELAYS BA9789254199
‘;f § 20 PNEUMATIC ACTUATOR ASSEMBLY BA9789254202
g é 21 DIAPHRAGMS, O’ RINGS, SEALS ETC. OF ALL BA9789254210
5 = 22 LIMIT SWITCHES (COMPLETE UNIT)&ACCESSO | BA9789254229
i 23 PNEUMATIC AIR-FILTER/REGULATOR OF EA BA9789254237
24 ACTUATORS BA9789254245
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25 ELECTRONIC PCB OF ALL TYPES BA9789254253
26 ABSOLUTE ENCODER (REPLACEABLE PART) BA9789254261
27 ELECTRONIC TORQUE SENSOR BA9789254270
RECORD OF REVISIONS
REV. DATE REVISION DETAILS REVISED APPROVED
a NO
S
E 2 01 | 29.09.22 | Mat codes updated pvsb Aman
=
S) 1>
< 2
Sl
< S
o 8
- 2
Z 2
M=
: -
2E 3
e
Az
z% 2
O 28
St
Z a2
<58
=S .=
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— g
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£73
s =
52
E
=
’g =
=~
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ANNEXURE-1

JECHNICAL SPECIFICATION OF PIPING

EQUIPMENT SIZ1 RITERIA

All the piping systems and equipment supplied under this package shall be designed to operate without
replacement and with normal maintenance for a plant service life of 30 years, and shall withstand the
operating parameter fluctuations and cycling which can be normally expected during this period.

For all Low Pressure piping systems covered under this specification, sizing and system design shall be
to the requirements of relevant codes and standard indicated. In addition to this, requirements of any
statutory code as applicable shall also be taken into consideration.

Inside diameters of piping shall be calculated for the flow requirements of various systems.

The velocities for calculating the inside diameters shall be limited to the following:

a) Water Application

Water Velocity in m/sec

Pipe Size Below 50-150 200 mm
50 mm mm & above

(a) Pump suction - 1.2-1.5 1.2-1.8

(b) Pump discharge

and recirculation 1.2-1.8 1.8-2.4 2.1-2.5

(¢c)Header e 1.5-2.4 2.1-2.4

Pipe line under gravity flow shall be restricted to a flow velocity of 1 m/sec generally. Channels under
gravity flow shall be sized for a maximum flow velocity of 0.6 m/sec.

WILLIAM & HAZEN formula shall be used for calculating the friction loss in piping systems with the
following "C" value:

(i) Carbon steel pipe 100
(i) Ductile Iron. 140
(iii) Rubber lined steel pipe 120
(iv) Stainless steel pipe 100

For calculating the required pump head for pump selection, at least 10% margin shall be taken over the
pipe friction losses and static head shall be calculated from the minimum water level of the tank/ sump/
reservoir from which the pumps draw water.

b) Compressed Air Application

Compressed air 15.0 m/sec.(under Average Pressure & Temp. conditions)

The pipes shall be sized for the worst (i.e. maximum flow, temp. and pressure values) operating
conditions.



Based on the inside dia. so established, thickness calculation shall be made as per ANSIB 31.1 OD and
thickness of pipes shall than be selected as per ANSI B 36.10/IS-1239 Heavy grade/IS-3589/ASTM-A-
53/API-5L/ANSI B 36.19 as the case may be.

Corrosion allowance of 1.6 mm will be added to the calculated thickness being considered (except
stainless steel piping).

Bend thinning allowance/manufacturing allowance etc. shall be as per the requirement of the design
code provision.

High points in piping system shall be provided with vents along with valves as per the system
requirement. Low points shall be provided with drains along with drain valves as per the system
requirement. Drain lines shall be adequately sized so as to clear condensate in the lines. Material for
drain and vent lines shall be compatible with that of the parent pipe material.

Material of construction for pipes carrying various fluids shall be as specified elsewhere.

Compressed air pipe work shall be adequately drained to prevent internal moisture accumulation and
moisture traps shall be provided at strategic locations in the piping systems.

Depending upon the size and system pressure, joints in compressed air pipe work shall be screwed or
flanged. The flange shall be welded with the parent pipe at shop and shall be hot dip galvanized before
dispatch to site. Alternatively, the flanges on GI pipes may be screwed on flanges also.

Threaded joints shall be provided with Teflon sealant tapes.

Following types of valves shall be used for the system/service indicated.

SYSTEM TYPES OF VALVES
Butterfly Gate  Globe Check Ball Plug
Water X X X X X
Air X X X X
Drains & vents X X X
Fuel oil (if any) X X X X X

Recirculation pipes along with valves, breakdown orifices etc. shall be provided for important pumping
systems as indicated in respective process and instrumentation diagrams (P&IDs). The recirculation
pipe shall be sized for minimum 30% design flow of single pump operation or the recommended flow
of the pump manufacturer whichever is higher.

TECHNICAL SPECIFICATION
GENERAL

Specific technical requirements of low-pressure piping, fittings, supports, valves, specialties and tanks
etc. have been covered under this Sub-section. It includes details pertaining to design and material of
construction for piping, fittings, valves, equipment, etc. cleaning/surface preparation application of
primer and painting on over ground piping. It also includes detailed technical requirement of laying
underground/buried piping including water proofing/anti corrosive protection. It also covers design,



engineering, manufacturing, fabrication, technical details of piping, valves, specialties, piping hangers
/ supports, tanks etc.

PIPES AND FITTINGS

All low pressure piping systems shall be capable of withstanding the maximum pressure in the
corresponding lines at the relevant temperatures. However, the minimum thickness as specified in the
following clauses and or respective codes for pipes and fittings shall be adhered to. The bidder shall
furnish the pipe sizing/ thickness calculation as per the criteria mentioned above under LP piping
equipment sizing criteria of this Technical Specification.

Piping and fittings coming under the purview of IBR shall be designed satisfying the requirements of
IBR as a minimum.

Supporting arrangement of piping systems shall be properly designed for systems where hydraulic
shocks and pressure surges may arise in the system during operation. Bidder should provide necessary
protective arrangement like anchor blocks/anchor bolt etc. for the safeguard of the piping systems under
above mentioned conditions. The requirement will be, however, worked out by the contractor and he
will submit the detailed drawings for thrust/anchor block to the Employer. External, and internal,
attachments to piping shall be designed so as not to cause flattening of pipes and excessive localized
bending stresses.

Bends, loops, off sets, expansion or flexible joints shall be used as required in order to prevent
overstressing the piping system and to provide adequate flexibility. Flexibility analysis (using software
packages such as Caesar-II etc.) shall be carried out for sufficiently long piping (straight run more than
300M).

Wherever Bidder's piping coming under this specification, terminates at an equipment’s or terminal
point not included in this specification, the reaction and the thermal movement imposed by bidder's
piping on equipment terminal point shall be within limits to be approved by the Employer

The hot lines shall be supported with flexible connections to permit axial and lateral movements.
Flexibility analysis shall be carried out for pipelines which have considerable straight run as indicated
above and necessary loops/ expansion joint etc. shall be provided as may be necessary depending on
layout.

Piping and fittings shall be manufactured by an approved manufacturer of repute. They should be truly
cylindrical of clear internal diameter, of uniform thickness, smooth and strong, free from dents, cracks
and holes and other defects.

For rubber lined ERW pipes, beads shall be removed for pipe size 80 NB and above.

Inspection holes shall be provided at suitable locations for pipes 800 NB and above as required for
periodic observations and inspection purposes.

At all intersection joints, it is Contractor's responsibility to design and provide suitable reinforcements
as per the applicable codes and standards.



For large size pipes/ducts, at high point and bends/change of direction of flow, air release valves shall
be provided as dictated by the system requirement and operation philosophy & tripping conditions of
pumping system. Sizing criteria for air release valves shall be generally on the basis of valve size to
pipe diameter ratio of 1:8. Requirement shall be decided as per relevant code.

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

Material

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

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

All materials shall be new and procured directly from the manufacturers. Materials procured from
traders or stockists are not acceptable.

All materials shall be certified by proper material test certificates. All material test certificates shall
carry proper heat number or other acceptable references to enable identification of the certificate that

certifies the material.

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



SI N

Type of Fluid

Material

i) Ordinary Water (Raw Water,
Clarified Water, etc.)

ii) Equipment cooling water
including Both primary & secondary
circuit (DMCW pH-corrected &
ACW drain water)

1S-2062 Gr.-E-250B/ASTM A-36/ASTM A-53
type 'E'Gr.B/IS-3589 Gr. 410 /IS-1239 Heavy.

2. | i) Demineralised water, Stainless Steel to ASTM A312, Gr. 304
ii)Alkaline solution (ECW system | welded for sizes 65 mm NB and above.
chemical dosing) Stainless steel to ASTM A312, Gr. 304

sch.40s seamiess for sizes 50mm and below

3. | 1) Drinking (potable) water ASTM A-53 type E Gr. B galvanized/ IS 1239

ii)Compressed air (Instrument &
service air)

Gr heavy galvanized/IS 3589 Gr 410
galvanized. Galvanized shall be to I1S- 4736

or equivalent.

Note: For Vallur TPP, piping (pipe, fittings etc) material details, conveying sea water
or permeate water shall be as per Sea water PT cum Desalination plant and ECW
system chapter.

In water lines, pipes upto 150mm Nb shall conform to ANSI B36.10/ASTM-A-53, Type-E Gr.B
/18:1239 Gr. Heavy and minimum selected thickness shall not be less than IS:1239 Grade Heavy except
for demineralized water, drinking water .

Pipes of above 150mm Nb shall be to AWWA-C200/ANSI B 36.10/ASTM A-53/IS 3589 Gr.410. Pipe
to be fabricated by the bidder shall be rolled and butt welded from plates conforming to ASTM A-53
type 'E' Gr. B/IS 2062 Gr.E-250B/ASTM-A-36. However, larger pipes, i.e. 1000mm Nb and above shall
be made from plates conforming to ASTM A 36/IS 2062 Gr.E-250B and shall meet the requirements
of AWWA-M-11 (for deflection & buckling criteria considering water filled pipe as well as vacuum
condition that may prevail during transient/surge conditions, truck-load, rail-load and weight density
for compacted soil or any other load as the case may be).

In demineralised water service, the pipes upto 50 Nb shall be of stainless steel ASTM A 312, Gr. 304
sch. 40 Seamless. The size for these pipes shall be to ANSI B 36.19. These shall be socket welded. The
material for pipe from 65mm NB upto and including 400 NB shall be to ASTM A 312, Gr. 304 (welded).
In no case the thickness of fittings shall be less than parent pipe thickness.

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

Instrument air, Plant (service) air lines and Drinking water lines shall be to ASTM A 53 type E grade
B/ANSI B 36. 10/IS 3589, Gr. 410 / IS: 1239 Heavy (in case thickness calculated is more than gr.
Heavy, ANSI B 36.10 Schedule numbers shall be followed) and galvanized to IS 4736 or any equivalent
internationally reputed standard. The material of the pipes shall be to ASTM A 53 type 'E' Gr. B/ IS:



3589, Gr. 410/ IS: 1239 Gr. Heavy. The fittings shall be of either same as parent material or malleable
iron to IS-1879 (galvanized).

Spiral welded pipes as per API-5L/IS-3589 are also acceptable for pipe of size above 150 NB. However
minimum thickness of the pipes shall be as elaborated in above clauses.

Condensate lines shall be to ASTM A 106 Gr. B and dimension to ANSI B 36.10 schedule "standard"
as minimum to be maintained.

If carbon steel plates of thickness more than 12 mm are used for manufacture of pipes, fittings and other
appurtenances, then the same shall be control-cooled or normalized as the case may be following the
guidelines of the governing code.

Field routed pipes:

Pipe lines of NB 50 size and below are regarded as field run piping. It is Bidder's responsibility to plan
suitable layouts for these system insitu. Bidder shall prepare drawings indicating the layout of field run
pipe work. These drawings shall be approved by Project Manager to the installation of the field run pipe
work. Based on these approved layouts the Bidder shall prepare the BOQ of field run-pipes and submit
to Employer for approval.

Slope/Drains and Vents

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

600mm pipes and not less than 50mm for 600mm and above pipes.

Air piping shall be sloped so that any part of the system can be drained through the shut-off drain valve
or drain plugs.

Pipe Joints

In general all water lines 65mm NB and above, are to be joined generally by butt welding except the
locations where valves/fittings are to be installed with flanged connections and S0mm and below by
socket welding unless mentioned otherwise specifically. All air lines shall be of screwed connection

and rubber lined pipes of flanged connections.

Screwed Joints



(a) Threading of pipes shall be carried out after bending, heat treatment etc. If not possible,
threading may be done prior to these operations but proper care should be taken to protect them
from damage. Threads shall be to ANSI B 2.1 (taper) NPT/ ANSI B1.20.1 (taper) NPT / IS:
554 unless specified otherwise.

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

(c) Teflon tapes shall be used to seal out screwed joints and shall be applied to the male threads
only. Threaded parts shall be wiped clean of oil or grease with appropriate solvent if necessary
and allowing proper time for drying before applying the sealant. Pipe ends shall be reamed and
all chips shall be removed. Screwed flanges shall be attached by screwing the pipe through the
flange and the pipe and flange shall be refaced accurately.

(d) For pipe sizes from 350 mm NB to 550 mm NB (including 350 NB & 550 NB) the GI pipes
shall be of flanged connection. However, the pipes after welding of flanges shall be completely
galvanized. Any site welding done on galvanized pipes shall be done with zinc-rich special
electrodes and the welded surfaces whether inside or outside shall be coated with zinc-silicate
paste. Seal welding of flanges with zinc-rich electrode will be permitted only when any flange
is leak-prone during hydro testing.

(e) For pipe sizes 600 mm NB and above, the GI pipes shall be of welded connection (with zinc-
rich special electrodes) followed by application of zinc silicate coating at welded surfaces both
inside and outside the pipe, except for the last blank/blind flange, or, equipment connection
where application of zinc-silicate paste after welding cannot be done due to inaccessibility of
the inside welded surface and where galvanic protection has been impaired due to welding of
pipe-to-pipe joint. Thus the last erection joint shall be flanged joint.

Welded Joints

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

Flanged Joints



(a) Flanged connections for pipes are to be kept to the minimum and used only for connections to
vessel, equipments, flanged valves and other fittings like strainer/traps/orifices etc. for ease of
connection and maintenance etc. Rubber lined pipes shall be flange joined only.

(b) All flanged valves intended for installation on steel piping system, shall have their flanges
drilled to ANSI B 16.5 (or equivalent) and according to the pressure class stated in their
respective piping material specification.

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

system on which the valves are installed.

Bends/elbows/mitre bends/ Tees/ Reducers & other fittings

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

However, for pipes up to 150 NB, pipe fittings may be supplied with material and dimension
conforming to IS 1239 in case parent pipes also conform to IS 1239.

For pipe size 350Nb and above mitre bends may be used for all pipes except rubber lined pipes.
However, mitre bends are also acceptable for rubber lined pipes above 1200 NB. The bend radius shall
be 1% times the nominal pipe diameter. 90 deg. bends (mitre) shall be in 4 pieces (3 cuts) and 45 deg.
mitre bends shall be in 3 pieces 22': deg. Fabrication of mitre bends shall be as detailed in BS
2633/BS534.

For pipes, above 1200 NB, reducer and tees shall be to dimensional standard of AWWA-C- 208.
Stainless steel fittings shall conform to either ASTM-A-182 Gr. 304 or ASTM-A-403 Grade WP. 304
Class-S, for sizes upto and including 50 mm NB, i.e. the fittings shall be of seamless construction.
However, for stainless fittings above 50 mm NB, the same shall conform to ASTM-A-403 Gr. WP 304
Class W i.e. the fittings shall be of welded construction strictly in accordance with ASTM-A-403.

In no case, the thickness of fittings.

Flanges

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

All flanges and-flanged drilling shall be to ANSI B 16.5 / BS EN-1092 / AWWA C - 207 of relevant
pressure/temperature class. Flanges shall be fabricated from steel plates conforming to ASTM A 105/1S
2062 Gr. E-250B. However stainless steel flanges shall be fabricated from SS plates to ASTM-A-240,
Gr. 304 or equivalent.

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

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

Trenching



(a) The trench shall be cut true to the line and level and shall follow the gradient of the pipeline. The
width of the trench shall be sufficient to give free working space on each side of the pipe. Trenches
shall conform to IS 5822 or any international standard.

Preparation and cleaning of piping

(a)

(b)

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

On the internal surface for pipes 1000 Nb and above, a coat of primer followed by a hot coal-
tar enamel or coal tar epoxy painting (cold) shall be applied.

Coating and wrapping/ Anti corrosive Protection Coal tar tape

a.

Buried piping shall be coated and wrapped, as per specification, after completion of welded
and/or flanged connections, and after completion and approval of Hydro testing. Materials to
be used for coating and wrapping of underground pipelines are:

1. Coating primer (coal tar primer)

2. Coating enamel (coal tar enamel)

3.  Wrapping materials.
All primer/coating/wrapping materials and methods of application shall conform to IS: 10221
except asphalt/bitumen material. Materials (primer/coating/wrapping) as per AWWA-C-203
are also acceptable.

Protective coating shall consist of coal tar primer, coal tar enamel coating, glass fiber, tissue
inner wrap followed by glass fiber or coal tar impregnated Kraft outer wrap or finish coat.

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

Total thickness of completed coating and wrapping shall not be less than 4.0 mm.

Alternatively, the anti-corrosive protection for buried pipes can consist of anticorrosive
protection Coal-tar tapes. Material and application of tapes shall conform to IS 15337 or
equivalent. These-tapes shall be applied hot over the cold coal tar primer in steps of 2mm
thickness so as to cover the spiral edges of the first tape by the application of second tape. The
total thickness of the finished protective coating shall be 4.0 mm minimum.



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

GENERAL

(a) All valves shall have indicators or direction clearly marked on the hand-wheel so that the valves
opening/closing can be readily determined.

(b) Special attention shall be given to operating mechanism for large size valves with a view to
obtaining quick and easy operation ensuring that a minimum of maintenance is required.

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

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

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

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

(3) All actuator-operated valves shall be provided with hand operated gearing mechanism
also.

(4) All actuators operated valves shall open/ close fully within time required by the process.

(e) Valves coming under the purview of IBR shall meet IBR requirements.

(f) All valves shall be provided with embossed name plate giving details such as tag number, type,
size etc.

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

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

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

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

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

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

Standards and Codes



AWWA-C-504
BS-5155/EN-593
IS-778

Rubber seated butterfly valves.
Cast iron and steel body butterfly valves for general purpose.

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

BS-5154 Copper alloy globe/globe stop and check and gate valves for general purpose.
IS-780 Sluice valves for water works purpose (50-300 mm size)
1S-2906 Sluice valves for water works purpose (350-1200 mm size)
IS-5150 Cast iron wedge and double disc gate for general purpose.
BS-5152 Specification for cast iron globe valves.

BS-5153 Cast iron check valves for general purpose.

IS-5312 Swing check type reflux (non-return) valves.

ANSIB 16.34 Standard for valves.

API-594 Standard for Dual-check valves.

API-600 Steel gate valves.

ANSI-B-16.10 Valves face to face and other relevant dimension.

API-598 Valves inspection test.

End Connections

The end connections, shall comply with the following:

Socket welding (SW) - ANSIB 16.11

Butt Welding (BW) - ANSI B 16.25.

Threaded (SC) - ANSIB 2.1

Flanged (FL) - ANSIB 16.5& AWWA-C-207 (steel flanges), ANSI B 16.1 (Cast Iron flanges).

Gate/Globe/Check Valves

(a) All cast iron body valves (gate, globe and non-return) shall have flanged end connections;
(screwed ends for Ductile D.2NI body valves are not acceptable).

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

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

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

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

part of the gate.
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Gate valves shall be of the solid/elastic or articulated wedge disc. Gate valves shall be provided
with the following accessories in addition to other standard items:

(1) Hand wheel

(2) Position indicator (for above 50 mm NB valve size)

(3) Draining arrangement wherever required.

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

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

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

For bore greater than 2" the valves must be swing check type or dual plate check type suitable
for installation in all positions (vertical and horizontal);

For bore smaller than or equal to 2" the valves must be of the piston type to be installed, in
horizontal position.

All gate and globe valves shall be provided with back seating arrangement to enable on line
changing of gland packing. The valves shall be preferably outside screw & yoke type.

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

All valves except those with rising stems shall be provided with continuous mechanical position
indicators; rising stem valves shall have only visual indication through plastic/metallic stem

cover for sizes above 50 mm nominal bore

(m) For CI gate, globe and check valves wherever thickness of body/bonnet is not mentioned in the

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



MATERIAL OF CONSTRUCTION (GATE/GLOBE/CHECK VALVE)

(a) The materials shall generally comply with the following:

(1) Cast Steel Valves
Body & bonnet

Disc for non-return
Valves
Trim.
(2) Stainless steel valves
Body & Bonnet
Disc
Trim.
(3) Cast iron valves
Body & bonnet
Seating surfaces and rings
Disc for non-return valves

ASTM A 216 Gr. WCB/

ASTM A 105

ASTM A 216 Gr. WCB/

ASTM A 105

ASTM A 182 Gr. F6 or Equivalent

SS 304
-do-
SS 316

BS 1452 Gr. 14/1S-210 Gr. FG 260
13% chromium steel/ 13% Chrome overlay
BS 1452 Gr. 14/1S-210 Gr FG 260

Hinge pin for non-return valves AISI316

Stem for gate globe valves
Back seat
(4) Gun Metal valves
Body and bonnet
Trim.

13% chromium steel or Equivalent
13 % chromium steel / 13% Chrome overlay

IS 318 Gr. 2/ Equivalent Standard
-do-

(b) Cast iron body valves shall have high alloy steel stem and seat.

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

(d) Forged carbon steel valves are also acceptable in place of Gun metal valves.

Butterfly valves

Design/Construction

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

iron body valves are also acceptable for size above 300 mm nb diameter.

(b) The valves shall be suitable for installation in any position (horizontal/vertical etc.) and shall
be generally of double-flanged construction. However for sizes 600 NB and below the valves

of Wafer construction are also acceptable.

(c) Valves-350Nb and above shall have pressure equalizing bypass valves, wherever system

parameters warrant the same.



(d) Valves-200Nb and above shall also be provided with gear operator arrangement as a standard
practice suitable for manual operation. Manual operation of valve shall be through gear
arrangement having totally enclosed gearing with hand wheel diameter and gear ratio designed
to meet the required operating torque It shall be designed to hold the valve disc in intermediate
position between full open and full closed position without creeping or fluttering. Adjustable
stops shall be provided to prevent over travel in either direction.

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

Material of Construction (Butterfly Valves)

Materials and other design details shall be as indicated below:
(a) Cast Iron Butterfly Valves

Body & Disc ASTM A48, Gr. 40 with 2% Ni /

IS: 210. Gr. FG-260, with 2% Ni / SG iron BSEN 1563, Gr
EN GJS-400-15 with 2%Ni and epoxy coated

Shaft BS 970431 S: 291/ EN 57, or
AISI-410 or AWWA-permitted shaftmaterial equivalent to EN-57/AISI-410 or
better

Seat ring 18-8 Stainless steel

Seal Nitrile Rubber

(b) Stainless Steel Butterfly Valves

Body & Disc SS 304
Shaft SS 316
Seat Rings EPT/BUNA-N/Neoprene

(c) Carbon steel Butterfly Valves

Body & Disc

Shaft

ASTM A 216, Gr. WCB

SS 304

Disc & Seat Rings EPT/BUNA-N/Neoprene

(d) Elstomer lined Butterfly Valves



Body & Disc ASTM A48, Gr. 40 / IS: 210. Gr. FG-260 / SG Iron (ductile iron) IS 1865 Gr
400-15 or BSEN 1563, Gr EN GJS-400-15/ ASTM A 216, Gr. WCB with elastomer lining.

Shaft SS 316

Proof of Design Test (Type Test) for Butterfly Valves

Proof of Design (P.O.D.) test certificates shall be furnished by the bidder for all applicable size-ranges
and classes of Butterfly valves supplied by him, in the absence of which actual P.O.D. test shall be
conducted by the bidder. All valves that are designed and manufactured as per AWWA-C-504 /
AWWA-C-516 shall be governed by the relevant clauses of P.O.D test in A WWA-C-504/AWWA-C-
516. For Butterfly valves, designed and manufactured to EN-593 or equivalent, the P.O.D. test methods
and procedures shall generally follow the guidelines of AWWAC- 504 in all respect except that Body
& seat hydro test and disc-strength test shall be conducted at the pressures specified in EN-593 or the
applicable code. Actuators shall also meet requirements of P.O.D. test of AWWA-C-504/AWA-C-516.

Float operated valves

(a) Valve shall automatically control the rate of filling and will shut off when a predetermined level
is reached and close to prevent over flow on pre-set maximum water level. Valve shall also
open and close in direct proportion to rise or fall of water level.

(b) DESIGN AND CONSTRUCTION FEATURES

The following design and construction feature of the valve shall be the minimum acceptable.

(c) Valves shall be right-angled or globe pattern.

(d) Valves shall be balance piston type with float ball.

(e) Leather liner shall not be provided.

(f) The body and cover material shall be cast iron conforming to ASTM-A 126 Grade 'B' or IS:
210 Grade 200 or equivalent, and Float shall be of copper with epoxy painting of two (2) coats.

(g) Valves shall be suitable for flow velocities of 2 to 2.5 m/sec.

(h) The valves shall have flanged connections.

Surface preparation and Painting for external piping surfaces (non-coastal projects)

a) Surface preparation - Power tool cleaning / Shot blasting/ abrasive blasting.

b) Type of Primer - Red Oxide Zinc Phosphate primer (Alkyd base) to IS 12744 (2 X 25
microns)

c) Intermediate Coat — Synthetic Enamel (long oil alkyd) to 1S2932 (1 X 30 microns)

d) Final Coat - Synthetic Enamel (long oil alkyd) to [S2932 (2 X 35 microns)



Min. Total DFT (Microns) to be maintained — 150 (Min) and Color shall be as per NTPC Color
Coding Scheme.

Note: No painting is required on Galvanized, Stainless Steel, Gun Metal surfaces



ANNEXURE-6

TECHNICAL REQUIREMENTS OF CONTROL VALVES, ACTUATORS &

ACCESSORIES

CONTROL VALVES, ACTUATORS & ACCESSORIES

1. General Requirements

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

All the control valves and accessories offered by the Bidder shall be from reputed,

experienced manufacturers of specified type and range of valves.

2. CONTROL VALVE SIZING & CONSTRUCTION

The design of all valve bodies shall meet the specification requirements and shall
conform to the requirements of ANSI (USA) for dimensions, material thickness and
material specification for their respective pressure classes.

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

indicating the outlet velocity achieved with the valve size selected by him as well as



noise calculations, which will be subject to Employer’s approval during detailed
engineering.

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

Control valve shall have leakage rate as per leakage Class V.

The control valve induced noise shall be limited to 85 dBA at 1 meter from the valve
surface under actual operating conditions. The noise abatement shall be achieved by

valve body and trim design and not by use of silencers

VALVE CONSTRUCTION

All valves shall be of globe body design & straightaway pattern with single or double
port, unless otherwise specified or recommended by the manufacturer to be of angle
body type. Rotary valve may alternatively be offered when pressure and pressure drops
permit.

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

Cast Iron valves are not acceptable.

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

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

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

Valve characteristic shall match with the process characteristics.

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

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



4. VALVE MATERIALS

Refer mechanical sections for [pukrijbody and trim materials. The exact body and trim materials

shall be finalised during detail engineering depending in the service applications.

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

approval.

S. END PREPARATION

Valve body ends shall be either butt welded/socket welded, flanged (Rubber lined for
condensate service) or screwed as finalized during detailed engineering and as per Employer’s
approval. The welded ends wherever required shall be butt welded type as per ANSI B 16.25
for control valves of sizes 65 mm and above. For valves size 50 mm and below welded ends
shall be socket welded as per ANSI B 16.11. Flanged ends wherever required shall be of ANSI

pressure-temperature class equal to or greater than that of the control valve body.

6. VALVE ACTUATORS

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

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

be provided in the selection of the actuator to ensure tight seating unless otherwise specified.

The travel time of the pneumatic actuators shall not exceed 10 seconds.



7. CONTROL VALVE ACCESSORY DEVICES

All pneumatic actuated control valve accessories such as air locks, hand wheels/hand-jacks,
limit switches, microprocessor based electronic Positioner, diffusers, external volume
chambers, position transmitters (capacitance or resistance type only), reversible pilot for
Positioner, tubing and air sets, solenoid valves and junction boxes etc. shall be provided as per

the requirements.

SPECIFICATIONS FOR MICROPROCESSOR BASED ELECTRONIC POSITIONER

1 Electrical

a) Input Demand
Signal

(i) 4-20mA for conventional positioners.

(i) Demand signal would be received
through fieldbus network for fieidbus
based positioners.

b) Power Supply

1) Loop powered from the output card of
Control System for conventional
positioners.

(i) Fieldbus based positioners shall be
powered from the fieldbus network.

c) Protocol

(i) Conventional positioners shall be
compatible to HART Protocol

(i) Fieldbus based positioners shall be
compatible to Foundation fieldbus/
Profibus depending on the Protocol which
is finalized for DDCMIS.

d. Valve position
sensing

(1) Position sensing 4-20 mA output signal
to be provided for Control System for
conventional positioners.

(i) Valve position feedback shall be
available to Control system through
fieldbus network for Fieldbus based

positioners.

2 Environment a) Operating temp. | (-)30 To 80 Deg. C
b) Humidity 0-95 %
c) Protection class | IP-65 Minimum
3 Software  for | Software Software shall meet the requirements for
Configuration Configuration, Diagnostics, Calibration
and and Testing of the actuator.
Diagnostics
Diagnostic/Test Advanced diagnostic features like Stroke
features counter or Travel counter, Leakage in
actuators, Valve Signature analysis, Step
Response test, Valve friction /Jamming
detection etc to be provided.
4 | Test reports/ | Factory Valve Signature Tests Reports (Pr Vs Valve travel and
Certificates Travel Vs I/P signal) are to be provided.




Test certificates as per Manufacture Standard/Relevant

Standard are to be submitted.

5 Configuration/ | Remote & Local Calibration, Auto & Manual Calibration shall be

Calibration. possible.
6 Operating Full range/ Split range.
Range
7 Modes Valve Action Direct / Reverse Valve
Action
Flow Characterization Possible to fit Valve
Charactenstic Curves-
Linear Equal
percentage efc.

8 Fail Safe/Fail | Fail Safe/Fail Freeze feature is to be provided. (In case the fail

Freeze freeze feature is not intrinsic to the positioner, Bidder shall
achieve the same externally through solenoid valve connected
in the pneumatic circuit).

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

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

Process connection Y& NPT

10 | Performance Charactenistic deviation <=0.5 % of span.

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

10 |EMC & CE | Required to Intemational Standard | EN50081-2 & EN50082

Compliance like EN/IEC. or equivalent.

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

" (i) Universal HART

Haid tield Calibrafor Calibrator to be provided

for conventional

positioners. (for quantity,
refer Part-A.  Contract




quantities of the
specification).

(i) Feldbus compatible
calibrator to be provided
for  fieldbus  based
positioners. (for quantity,
refer Part-A)

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

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

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

* Note:

The HART signals shall be picked up from marshalling terminals of DDCMIS (SG/TG
DDCMIS as well as BOP DDCMIS), as applicable. The details of the above mentioned HART

management system specification are mentioned in HART system.

The conventional positioners shall be monitored from this HART management system. The
fieldbus based positioners shall be monitored directly through fieldbus based DDCMIS
network. To achieve this, Bidder shall provide the necessary software to achieve the
functionalities described above under” Software for Configuration and Diagnostics”, and this

software shall be loaded in the HART management system.

8. TEST AND EXAMINATION

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

limited to the following:

= Non Destructive Test as per ANSI B-16.34.
e Hydrostatic shell test in accordance with ANSI B 16.34 prior to seat leakage test.



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

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

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

Bidder shall furnish all the control valves under this main plant package as finalized during

detailed engineering stage without any price repercussions whatsoever depending on the

process requirements. All the control valves provided by the Bidder for this project shall meet

the specifications requirements specified herein. Specification for control valves in this Sub-

section has to be read in conjunction with other relevant Sub-sections of this specification.
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Write up on Limestone grinding system

Purpose: This write up describes the equipment associated with Limestone pulverize and wet ball

mill system and defines the associated control system.

Equipment List for Stage | & 11 (3X 500 MW + 3X200MW) - Common system:

Description Item No. Qty

Wet Ball Mill 00 HTK 00 AJ 001/002 1W+1S
Mill Hydro cyclone 00 HTK 00 AT 001/002 1W+1S
Mill separator tank 00 HTK 01 BB 001/002 1W+1S
Mill separator tank agitator 00 HTK 00 AM 001/002 TW+1S
Mill circuit Pump 00 HTK 02 AP 001/002 (IW+1S) X 2

Operation Write Up:

Limestone is sent to Wet Ball Mill through Limestone Intermediate Silo Shut-off Gate,
Dosing Bin, Belt Weigh Feeder, Belt Feeder and Crusher. The Limestone Grinding System consists
of Wet Ball Mills, Wet Ball Mill oil units, Wet Mill Receiver Tanks, Limestone Suspension Pumps, Mill

Hydro cyclones and Distribution boxes.

The Belt Weigh Feeder is installed at Dosing Bin bottom which feeds limestone to the Wet
Ball Mill. The limestone feed rate is weighed by the Belt Weigh Feeder. The Wet Ball Mills are the wet
horizontal type. Process water is supplied to Wet Ball Mill inlet and Mill separator Tank. Slurry from
the Wet Ball Mill flows by gravity to Mill separator Tank and then is pumped up to Mill Hydro cyclone

to be classified.

The Mill Hydro cyclone underflow, which contains the oversized Limestone, is recirculated

to Wet Ball Mill inlet directly, while the overflow is discharged to Limestone Slurry Storage Tank via

Distribution Box as a product of Limestone Grinding System. The limestone slurry is pumped from the

Limestone Slurry Storage Tank through a ring line and fed to the absorber tank.




Control:

Limestone Grinding System Control

Limestone Feed rate is kept constant by belt weigh feeder. The limestone which is
conveyed from the Dosing Bin by using the belt weigh feeder and the process water are supplied into
a limestone ball mill system. The flow rate of process water to wet limestone grinding mill is controlled

by Limestone feeding amount at belt weigh feeder. The flow rate of process water to wet mill receiver

tank is controlled by density signal from mill hydro cyclone feed slurry.

The slurry in wet mill separator tank is fed up to the mill hydro cyclone and separated into small
particle slurry and large particle slurry. The underflow slurry (large particle size limestone) is returned
to wet ball mill inlet. The overflow slurry of mill hydro cyclone (small particle size limestone) is sent to
the limestone slurry storage tank. The mill separator tank level is controlled by the position of the
limestone slurry distribution box. If the wet mill receiver tank level is control low, the overflow slurry of
mill hydro cyclone is retumned to the Mill separator Tank by recirculation position of the limestone slurry
distribution box. And if Mill separator Tank level is control high, the overflow slurry of mill hydro cyclone

is send to the limestone slurry storage tank discharge position of the limestone slurry distribution box.




Fig.- Limestone Grinding System Control
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Analysis of limestone, water & instrument air

Annexure-05

Lime-Stone:
Absorbent
Absorbent Name LIMESTONE
Grain Size Medium
Bond Index 13kWh/short-ton
Type of Absorbent Rock
Powder
Slunry
Others :
Feed Condition to Absorber Powder
Slurmy 30 wid%
Others :
Absorbent Compaosition Limestone Note
Design MNormal Guarantes
CaCio3 witde-d 79 (*1) - 88 (1)
Dolomite{MgCa(COs)k) wide-d 0 - 0
Cal wi%-d 47-51.0 (*1) - -
MgQ wi%-d 0.9-2.0 - -
Inert Cly witde-d <0015 - -
ALO, wide-d 1.19-2.1 - -
S Wide-d 2145 - -
Fes0s wide-d 0.45-1.0 - -
TiO, wide-d <(.02 - -
MNaz0 wit%e-d <0.16 - -
KO wide-d <(.01 - B
P20 widi-d Traces - -
Lol wit%e-d 39.0-41.3 - -
Tatal Sulphur wi%e-d <0.1 - -
Mz O wi%e-d =0.12 - -
Density kg/m® 1400 For volume
ko/m?® 1700 For torque, drive calculation and

structual load calculation

MWD - Mot detectable

(*1) Design condition limestone punty CaC0s 79%; Guarantee condition limestone purity CaCO; 89%
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Process Water:

Annexure-05

CW Blow down water (*1)
Mormal (Stg-1) Mormal (Stg-l) Maximum
Temperature at B.L. deg.C 27 27 45
Pressure at B.L. MPaG - - -
pH - 6.5-6.9 6.5-6.9 -
55 may/l - - -
Composition
ca™ ppm CO,Ca 237 316 -
Mg popm CO,Ca 219 292 -
Na™ ppm CO;Ca 195 260 -
KT ppm CO;Ca 18 24 -
(il and Grease mayl - - -
M,H, mall B N N
HCO5 ppm CO;Ca - - -
COy~ ppm CO,Ca - - B
cr ppm CO;Ca 189 252 -
S0,7 ppm CO,Ca 120 160 -
Silica mg/l 45 60 -
To-MNH, mg| - - B
Fe™ mal 0.36 0.48 -
Cd may/l - - -
MNO5 ppm CO,Ca 6.6 8.8 -
B ma/l - - -
To-Inorganic may/l - - -
Cu microg!l - - -
Hag microg/ - - -
Pb microgl - - -
NO. microg/ - - -
F microg - - -
cr microg/] - - -
Ni microgil - - -
To-Zn microg/ - - -
BODS ma/l - - -
CoD Cr may/l - - -
Total alkalinity ppm CO;Ca 120 120 -
Total Hardness ppm CO;Ca - - -
Turbidity NTU 4.5 [ -
Conductivity micro mém - -

{(*1)CW blow down water Analysis is taken from tender documents Amendment No:;CS-0011-109(3)-9-AMDT-TECH-01 & Annexure

Cooling Water

Cooling Water

Water Source DM Water
Available Value Design Value
Minimum Normal Maximum [Minimum| Normal Maximum

Supply Temp. at TP deq.C - - - - 38 -
Returmn Temp. at TP deg.C - - - - 45 -
AT deg.C - - - - 10 -
Supply Press._ at TP MPaG - - - - 0.6(*1) -
Return Press. at TP MPaG - - - 0.3(*1) -

1) Assumed value
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Instrument Air:

Annexure-05

Air Source -
Dew Point (stmospheric) deg.C =-40
Qil Mist Contamination r Contaminated
[+ Mot Contaminated
Available Value Design Value
Minimum Momal Maximum | Minimum| Mormal Mazdmum
Temperature at TP deg.C - - 45(*1) -
Pressure at TP MPaG - 0.55 - 0.8
{*1) In summer
Service Air
|Air Source | -
Available Value Design Value
Minimum MNarmal Maximum [ Minimum | Normal Maximum
Temperature at TP deg.C - - - - 45(*1) -
Pressure at TP MPaG - - - 0.55 - 0.8

(*1) In summer
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ARNIANIFTEN/ZL 1T N
se7 o | BHARAT HEAVY ANNE RE-0
ELECTRICALS
LTD 3 X 200 MW + 3 X 500 MW oFddis
RAMAGUNDAM TPP NTPC
thyssenkrupp FGD Package ..
TECHNOLOGY: kil 9 NTPC Limited
(QFGDM)
BHEL DOC.NO. -
Page 2 of 2
NTPC Doc. No. - Wet Ball Mill Mass Balance agee
tkll DOC NO.- 7335.31M.0011.WBMMB Rev. 00 | 18.06.2021
S—
120 m*/h
HYDROC YCLONE
WENGH BELT FEEDER
<1> 33.4t/h 116.8 m*/h
O

236.8 m*/h <3>
WET BALL MLL

& e

40.8 m*/h 62.8 m*/h 1 >
= H'mmcw.. FEED PUMP
MILL RECYCLE TANK .
MASS BALANCE
Stream No 1 11 2 2.1 3 4 5
Flow-solids t'h 44.4 X 167.8 X 167.8 | 123.4 | 444
Flow-slurry m3/h bt X 174.0 X 236.8 | 116.8 | 120.0
Flow-slurry t'h 44.4 X 279.7 X 3425 | 194.5 | 148.0
Flow-water m3/h 0 40.8 | 111.9 | 628 | 174.7 | 71.1 | 103.6
Slurry-density t'm? bt bt 1.6 X 1.45 | 1.67 1.23
Solids-content % 100 X 60.0 X 49.0 | B3.5 30.0
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Annexure-/

TECHNICALREQUIREMENTS OF MEASURING INSTRUMENTS

a) SPECIFICATION FOR ELECTRONIC TRANSMITTER FOR PRESSURE, DIFF

PRESS AND DP BASED FLOW / LEVEL MEASUREMENTS

SI. No. Features Essential/Minimum Requirements

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

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

3. Accuracy + 0.060 % of calibrated range (minimum) for
calibrated range greater than 400 mmwec.
+0.065% of calibrated range (minimum) for calibrated
range greater than 250 kg/cm?.
+ 0.10 % of calibrated range (minimum) for calibrated
range less than 400 mmwc

4. Turn down 50:1 for greater than or equal to span of 400mmwcl.

(minimum) 20:1 for span below 400mmwcl.

10:1 for span greater than 250 kg/cm?

5. Stability 0.25 % of calibrated range for 10 years for calibrated

range greater than equal to 400 mmwec on standard
conditions of manufacturer.

0.2 % of calibrated range for 1 years for calibrated
range less than 400 mmwec on standard conditions of
manufacturer.

0.15% of calibrated range for 5 years for static
pressure greater than 250 kg/cm?2.

(Above mentioned (3, 4, 5) parameters/features of offered models shall be strictly as defined in

standard published catalogue of the manufacturer only).

6. Zero and span drift +/- 0.015 per deg C at max span
+/-0.11% per deg C at min. Span

7. Power Supply 24V DC £ 10%.

8. Load impedance 500 ohm (minimum)

9. Housing Weather proof as per IP-67, metallic housing with
durable corrosion resistant coating

10. Over Pressure 150% of max. Operating pressure

11. Electrical Connection Plug and socket type except in hazardous area

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

13. Span and Zero Continuous, tamper proof, Remote as well as manual

adjustability from instrument with zero suppression
and elevation facility.




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

15. Diagnostics and Display Self-Indicating feature and digital display
16. Accessories 2 valve manifold for absolute & Gauge pressure
transmitters,

3-valve manifold for Differential Pressure and 5 valve
manifold for Level /Flow applications.

The valve manifold shall be non-integral type (except
Fuel Oil area).

-For hazardous area, enclosure as described in NEC
article 500

-2 inch pipe for mounting with Enclosure

/Rack/Canopy
17. Certification SIL 2 or Better
18. Adjustment/calibration From hand held HART calibrator

/maintenance

Notes:

LVDT type is not acceptable.

For primary air/ secondary air/flue gas applications, DP type transmitters shall be provided for
pressure measurement below range of 2000 mmwec.

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.



b) SPECIFICATION FOR GUIDED WAVE RADAR TYPE LEVEL TRANSMITTER

Type Microprocessor based 2 wire type (loop powered), HART protocol
compatible Guided wave radar transmitter.
Principle TDR (Time domain reflectometry)
Probe Type & (1) Coaxial probe of SS316/316L. If required, probe shall be suitable
Material for overfill prevention.
(i1) Rod probe, cable probe of SS316/SS316L can be used for
applications wherever coaxial probe is not suitable.
Output signal 4-20 mA DC along with superimposed digital signal (based on HART
protocol), suitable for over fill prevention.
Accuracy +/- 0.5% of calibrated span or minimum Smm.
Power supply 24 VDC +/- 10%.
Housing Weather proof as per IP-65, metallic housing with durable corrosion
resistance coating.
Adjustment/ Using hand held HART calibrator/ centralized PC based system (as
calibration applicable).
Zero & span Continuous, temper proof, remote as well as manual adjustability from
adjustment instrument. It should be possible to calibrate the instrument without
any level in the tank/sump etc.
Display Integral digital display.
Load Impedance | 500 ohms (minimum).
Electromagnetic Shall meet EN 61326-1 (1997) and AmdtAl, class A equipment/EN
compatibility 50081-2 & EN 5008 1-2 & EN 50082-2
Mounting (i) External cage shall be provided where ever side mounting is
required. External cage and other mounting accessories to be
provided by the contractor.
(i) Where ever top mounting is required, all mounting accessories,
stilling well (as required) etc., shall be provided by the contractor.
(i) All weather canopy shall be provided for protection from direct
sunlight and direct rain for open locations.

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



¢) SPECIFICATION FOR ULTRA SONIC TYPE LEVEL TRANSMITTER

SL. No. | Features Essential/Minimum Requirements

1. Type of Transmitter Non-contact Microprocessor based 2 wire type (loop
powered), HART protocol compatible Ultrasonic
transmitter.

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

3. Accuracy +/- 0.5% of calibrated span or minimum Smm.

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

5. Temperature compensation | To be provided within transducer.

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

7. Adjustment/calibration/ Using hand held HART -calibrator/ centralized PC based

maintenance system (as applicable).

8. Zero and Span adjustment | Continuous, tamper proof, remote as well as manual
adjustability from instrument. It should be possible to
calibrate the instrument without any level in the tank/sump
etc.

9. Sensor Material Corrosion resistant material to suit individual application
requirement.

10. False signal tolerance Transmitter shall be capable of ignoring false echoes from
internal tank/sumps obstructions such as pipes, heating
coils or agitator blades. Also transmitter shall have
adjustable damping circuitry.

11. Range Range of transmitter shall be capable of covering the
complete level span of tank taking care of blocking
distance, frequency attenuation due to surface,
obstructions, vapors etc.

12. Display Integral digital display

13. Diagnostics Loss of echo alarm etc.

14. Load Impedance 500 ohms (minimum).

15. Electrical Connection Plug and socket

16. Accessories e All weather canopy shall be provided for protection

from direct sunlight and direct rain for open locations.
e All mounting accessories required for erection and
commissioning shall be provided.
e For hazardous area, explosion proof enclosure as
described in NEC article 500.
Note:
(i) Contractor can also provide Radar type transmitter as per above specification in place

of ultrasonic transmitter subject to approval by Employer during detailed Engineering.
Sonic frequency based transmitters can also be provided under “ultrasonic transmitters”
category for fly ash silo level.
(ii) Four wire type transmitters can also be provided for applications where 2- wire
transmitter has some technical limitations, subject to employer’s approval during




detailed engineering stage. However, in such cases isolated 4-20 mA DC (analog)
output shall be provided. Power supply required for such transmitters shall be 240V AC
/ 24V DC.

(iii) For applications where transmitter location is not accessible, the transmitter shall have
separate sensor unit and electronic unit for such applications. It shall be possible to
mount the electronic unit at accessible location.

d) SPECIFICATION FOR ULTRA SONIC TYPE LEVEL TRANSMITTER

SL. No. | Features Essential/Minimum Requirements

1. Type of Transmitter Non-contact Microprocessor based 2 wire type (loop
powered), HART protocol compatible Ultrasonic
transmitter.

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

3. Accuracy +/- 2% of calibrated span.

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

5. Temperature compensation | To be provided within transducer.

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

7. Adjustment/calibration/ Using hand held HART calibrator/ centralized PC based

maintenance system (as applicable).

8. Zero and Span adjustment | Continuous, tamper proof, remote as well as manual
adjustability from instrument. It should be possible to
calibrate the instrument without any level in the tank/sump
etc.

9. Sensor Material Corrosion resistant material to suit individual application
requirement.

10. False signal tolerance Transmitter shall be capable of ignoring false echoes from
internal tank/sumps obstructions such as pipes, heating
coils or agitator blades. Also transmitter shall have
adjustable damping circuitry.

11. Range Range of transmitter shall be capable of covering the
complete level span of tank taking care of blocking
distance, frequency attenuation due to surface,
obstructions, vapors etc.

12. Display Integral digital display

13. Diagnostics Loss of echo alarm etc.

14. Load Impedance 500 ohms (minimum).

15. Electrical Connection Plug and socket

16. Accessories e All weather canopy shall be provided for protection

from direct sunlight and direct rain for open locations.

e All mounting accessories required for erection and
commissioning shall be provided.

e For hazardous area, explosion proof enclosure as
described in NEC article 500.




e) SPECIFICATION FOR TEMPERATURE ELEMENTS AND ACCESSORIES

e.1. THERMOCOUPLE

SL. No. | Features Essential/Minimum Requirements

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

2. No. of element Duplex

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

4. Insulation and Sheathing of Swaged type mineral (magnesium oxide) insulation and

Thermocouple SS316 sheath.

5. Calibration and accuracy As per [EC-584/ ANSI-MC-96.1 (special limits of errors/
classl) for T/C.

6. Accessories Thermo well and associated fittings

7. Standard IEC-584/ ANSIMC 96.1 for Thermocouple and ASME
PTC-19.3 for Thermo-well

e.2.Resistance Temperature Detector (RTD)

SI. No. | Features Essential/Minimum Requirements

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

2. No. of element Duplex

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

4. Insulation and Sheathing of Mineral (magnesium oxide) insulation and SS316 sheath,

Thermocouple

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

6. Accessories Thermo well and associated fittings

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

NOTES:

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



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

establishing their standard practice.

e.3.Metal Temperature Thermocouples

Measuring Medium

Material of
Thermocouple.

Type of Thermocouple
Insulation

Thermocouple wire
Gauge

Protective sheath
Protective sheath dia

Calibration & accuracy
error) for T/C

Mounting accessories

Cold end sealing

Minimum bending
Radius

Length of T/C

Notes:

Metal Temperature

Chromel Alumel Type K
Duplex with ungrounded separate hot junctions

Mineral Insulation (Magnesium Oxide).

16 AWG

SS 321

8 mm OD

As per IEC-584/ ANSI-MC-96.1 (special limits of
1/2" BSP SS sliding end connector, weld pad, clamps of
heat resistant steel SS310. Adjustable gland fitting for
connection at the junction box end as per
manufacturer’s standard.

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

30 mm

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

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

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



e.4.Thermo well (for all process temp. elements)

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

19.3,1974)

f) SPECIFICATION FOR TEMPERATURE TRANSMITTER (TT)

Following specifications are applicable for Dual input/ Single input temperature transmitter.

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

SI. No. | Features Essential/Minimum Requirements

1. Output 2-wire (power supply from input card of control system)
with 4-20mA output with superimposed HART protocol
signal

2. Input Same transmitter shall be capable to handle Pt-100 RTD,
Thermocouples —K, R & ,S types ( Selectable through
HART terminal/calibrator)

3. Isolation Min 500 VAC

4. EMC compatibility As per EN 61326

5. Power supply 24V C+/-10%

6. Housing Weather proof as per IP-67, metallic housing with durable
corrosion resistant coating

7. Electrical connection Plug and Socket connector except hazardous area

8. Diagnostics & display Self-Indicating feature and digital display on transmitter

9. Operating Ambient 85 deg C without display.

temperature 70 deg C with display.

10. Mounting 2 inch pipe mounting with Canopy.

11. Accessories As required by service and operating condition.

12. Composite Accuracy (Refer note 2 )
RTD =<0.25% of 0-250 deg C span
T/C-K type =<0.2% of 0-600 deg C span
CJC accuracy (for thermocouples) shall be =<1 deg C

Notes:
1. In case of failure (open or burn-out) of RTD/thermocouple, transmitter shall provide low

temperature output.

Dual input temperature transmitter shall have bump less changeover facility to second

sensor in case first sensor fails. This changeover is to be alarmed in control system.

Composite accuracy is to be calculated as summation of all applicable accuracies of

temperature transmitter for converting sensor input to output (e.g., A/D accuracy, basic
accuracy, digital accuracy, etc.) and temperature effect on these accuracies at ambient




temperature of 50 deg C, based on the figure/ formula given in the standard product
catalogue for span as specified above for various types of temperature elements specified.
All such accuracy/ temperature effect figures in catalogue shall be first converted to deg C,
and then percentage of this converted accuracy in specified span shall be calculated to
compare with the specified composite accuracy figures. All temperature transmitters shall
be interchangeable (i.e. can be used for either RTD or thermocouple) and composite
accuracy shall be met for each type of input as specified above.

4. Above mentioned parameters/features of offered models shall be strictly as defined in
standard published catalogue of the manufacturer only.

5. Dual input temperature transmitters can also be accepted in place of single input TT.

g) SPECIFICATION FOR CORIOLIS FLOW TRANSMITTER

Type

Material of Wetted Parts
Material of Housing
Accuracy

Repeatability

Output

Power Supply

Process Temperature range

Others

Viscosity range of Fluid

Coriolis

316 SS

304L SS

+ 0.2% of Rate

+ 0.1% of Rate

4-20 mA DC, HART Compatible

230 VAC or 24VDC operated

0-200 degree Celsius

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

0-500cst for HFO

The offered Coriolis type flow transmitter shall be suitable for intended application. Contractor

shall submit flow and sizing calculation for Employer’s approval. For each type of Coriolis

type flow transmitter general arrangement and assembly drawing and cable wiring diagram

shall be submitted for Employer’s approval.

h) SPECIFICATION FOR FLOW ELEMENTS

h.1. Orifice Plate

Features

Type

Material

Essential/Minimum Requirements

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

316 SS



Thickness

Material of branch pipe
Root valve type

Root valve material
Root valve size

Impulse pipe of same
material up to root valve

Tappings

Beta Ratio

Beta Ratio calculation to be

Submitted

Assembly drg. and flow
Vs DP Curves

Accessories

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

Same as main pipe

Globe

Same as pipe material

1 /2 inch or 1 inch (as applicable)

Required

Flanged weld neck or D & D/2 with 3 pairs of tapping (
as applicable ). Root valves to be provided in all the
tappings. However for flow elements in CPU, DM & PT

plant- 2 Pairs of Tappings shall be provided as minimum.

0.34 t0 0.7

Yes

Yes

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

Bidder shall submit certified flow calculation and differential pressure vs. flow curves for each

element for Employer's approval. Sizing calculation, precise flow calculation for all the flow

elements, fabrication and assembly drawings and installation drawings shall be submitted for

Employer's approval.

h.2. Flow Nozzle

Features

Type

Material
Thickness

Essential/Minimum Requirements

Long radius, welded type as per ASME PTC- 19.5 (Part-III) or
BS-1042

316 SS

Suitable for intended application.



Material of branch pipe
Root valve type
Root valve material

Root valve size

Same as main pipe
Globe
Same as pipe material

1 inch

Impulse pipe of same material

up to root valve

Tapping

Beta Ratio Around

Beta Ratio calculation

to be submitted

Assembly drg. And
flow Vs DP Curves

Accessories

Required

Flanged weld neck or D & D/2 with 3 pairs of tapping ( as
applicable ). Root valves to be provided in all the tappings.
However for flow elements in CPU, DM & PT plant- 2 Pairs of

Tappings shall be provided as minimum.

0.7

Yes

Yes

Root valves, vent and drain hole.

Contractor shall submit certified flow calculation and differential pressure vs. flow curves for

each element for Employer's approval. Sizing calculation, precise flow calculation for all the

flow elements, fabrication and assembly drawings and installation drawings shall be submitted

for Employer's approval.



h.3. Venturi (For Liquid applications)

Features Essential/Minimum Requirements

Type Rough Welded (for Pipe dia between 200mm to
1200mm) or Machined (for Pipe dia 50mm to 250mm)
as per ISO 5167-4:2003,

Material Same as Main Pipe

Thickness Same as Main Pipe.

Root valve type Globe Type

Root valve material Same as Pipe material

Root valve size 1 inch

Impulse pipe of same material Required

up to root valve

Tapping

Beta Ratio

Beta Ratio calculation to be

Submitted

Assembly drg. and flow
Vs DP Curves

Accessories

3 pairs of tappings for each Venturi as per ISO 5167-
4:2003, However for some areas like CPU, DM & PT
plant- 2 Pairs of Tappings shall be provided as minimum.

0.4t00.7

Yes

Yes

Root valves, vent and drain hole.

Contractor shall submit certified flow calculation and differential pressure vs. Flow curves for

each element for employer's approval. Sizing calculation, precise flow calculation for all the

flow elements, fabrication and assembly drawings and installation drawings shall be submitted

for employer's approval.



i) SPECIFICATION

FOR

PROCESS

ACTUATED SWITCHES

FEATURES ESSENTIAL / MINIMUM REQUIREMENTS
Pressure/  Draft | Temperatura Level switches
Switches/ DF | switches
Switches
Sensing Piston actuated | Vapor pressure | Capacitance types, float type,
Element for high pressure | sensing, liquid | conductivity type, RF type,
and diaphragm or | filled bellow | Ultrasonic type as per suitability to
bellows for low [type with S5 | the application. .
pr{ vacuum bulb and
capillary (5 m
rminimum, to
suit application)
Matenal 316 55 Bulb 316 S5/ | 31655
capillary 304 55
End Yz inch NPT (F) Y2 inch NPT (F) | Manufacturer standard
connection
Over  range/ | 150% of | - 150% of maximum operating pr.
proof pressure | maximum
operating pr.

Repeatability

+/- 0.5% of full range

No. of contacts

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

Rating of | 60V DC, 6 VA {or more if required by DDCMIS)
contacts
Elect. Plug in socket.
Connection
Set point | Provided over full range.
adjustment
Dead band | Adjustable/ fixed as per requirement of application.
adjustment
Enclosure Weather and dust proof as per IP-55, metallic housing.
Accessones Siphon, snubber, | Thermo well of | All mounting accessones
chemical seal, [ 316 55  and
pulsation packing glands
dampeners  as
required by

process




Maounting Suitable for | Suitable for rack | -
enclosure/  rack | mounting or
maounting or | direct mounting
direct mounting

Power Supply | As per Contractor's Standard practice.

(wherever

required)

MNotes -

1)

2)

3)

4)

Where the process fluids are corrosive, viscous, solid beanng or slurry type,
diaphragm seals shall be provided. Parts below the diaphragm shall be removable
for cleaning. The enfire volume above the diaphragm shall be completely filled wath
an inert liquid suitable for the application.

Pressure/ Diff pressure switches for very low press/ DP measurements can have
sensor matenal other than 55316 in case of any technical limitation and the offered
product is standard product of the manufacture for very low pressure applications.

Repeatability can be upto +/~1% of full range in case of switches with diaphragm
seals or very low pressura/DP range.

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




) SPECIFICATION FOR PR. GAUGE, D.P. GAUGE, TEMP. GAUGE AND LEVEL

GAUGE.
Sl. | FEATURES ESSENTIAL/MINIMUM REQUIREMENTS
No
Pr. Gauge/ DP | Temperature Level Gauge
Gauge/ Draught | Gauge
gauges
1 Sensing Bourdon for high | Inert gas | Tempered * toughened
Element pressure, actuated/  Liguid | Borosilicate gauge glass
Diaphragmy/ filled other than | steel armoured reflex or
Bellow for low pr. | mercury transparent type.
2 Matenial of | 55 316 55 316
SENsing
element
3 Matenal of | 55 304 55 304
movement
4 Body matenal | Die-cast Die-cast Forged carbon steel/304
aluminium aluminium 55
5 Dial size 150mm 150 mm Tubular covenng entire
range
b6 End 12inch NPT (M) | 1/2 inch or 3/4 | Process connection as
connection inch NPT {M). per ASME PTC and
drainfvent 15 NB




7 Accuracy +1% of span + 1% of span + 2%
8 Scale Linear, 270° arc | Linear, 270° arc | Linear vertical
graduated in | graduated in °C
metric units
9 R Shall cover 125% | Shall cover 125% | Shall cover max.
s jggﬁﬂn of max. operating | of max. operating | Operating level.
press temp
10 | Over range 125% of FSD 125% of FSD -
11 | Housing Weather and dust | Weather and dust | CS/304 55 leak proof
proof as per IP-55 | proof as per IP-55
12 | Zerolspan Provided Provided -
adjustment

13 | |dentification

Engraved with service legend or laminated phenclic name plate

14 | Accessories

Blow out disc,
siphon,
snubber,
pulsation
dampener,
chemical seal (if
required by
process) gauge
Isolation valve

5SS Thermowell

Gasket for all KEL-F shield
for transparent type vent

and drain valves of
Steel/lS5 as per CS/Alloy
process Requirement.

MNotes:-

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

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

Where the process fluids are comosive, viscous, solid beanng or slumy 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 iquid suitable for

the application.




k) SPECIFICATION FOR SOLENOID VALVES

Solenoid valves shall fulfil the following requirements:

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

b. Power supply : 24 V DC + 10%.
Plug and socket electrical connection.

d. Insulation : Class ‘H’

e. IP Class : IP65

1) SPECIFICATION FOR LIMIT SWITCHES

Limit switches shall be silver plated with high conductivity and non-corrosive type. Contact
rating shall be sufficient to meet the requirement of DDCMIS subject to a minimum of 60 V,

6 VA rating. Protection class shall be IP 55.

m) SPECIFICATION FOR ELECTRONIC FLOW-METER

Electronic Flow-meters shall be provided where ever indicated in the P&ID s.

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

model acceptable to the owner.
The bidder shall submit all necessary technical literature and details of selection criteria of the
instrument offered to substantiate the model selected. The bidder shall also furnish list of

similar installation along with feedback on satisfactory performance of the instruments.

The flow meter shall meet or exceed the following equipment:

a) Output: 4-20 mA Dc isolated output
b) Accuracy +0.5% of calibrated span or better
c) Repeatability +0.2% of calibrated span or better

d) Ambient Temp & Humidity 4 Deg. C to 55 Deg C, 5% to 100% RH



e) Power Supply 240V AC £ 10%, 50 HZ + 5%/ 24 V DC, to be arranged
by the bidder

f) Protection Class IP-55
g) Flow Tube SS 304
h) Liner Hard Rubber

The Flow meter shall provide local indication for instantaneous flow. It should also be
possible to get local display for daily and monthly discharge. The flow meter shall indicate

totalizer/integrator to get the daily and monthly discharge as stated above.



ANNEXURE-8

TECHNICAL SPECIFICATION OF MOTORS
GENERAL REQUIREMENTS

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

All equipment shall be suitable for rated frequency of 50 Hz with a variation of +3% &
-5%, and 10% combined variation of voltage and frequency unless specifically brought
out in the specification.

Contractor shall provide fully compatible electrical system, equipment, accessories and
services.

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.

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

The responsibility of coordination with electrical agencies and obtaining all necessary

clearances for contractors equipment and systems shall be under the contractor scope.

Degree of Protection

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

1) Indoor motors - IP 54

i1) Outdoor motors - IP 55
ii1) Cable box-indoor area - [P 54
1v) Cable box-Outdoor area - IP 55

CODES AND STANDARDS

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

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

3) Crane duty motors : 1S:3177, IS/IEC:60034

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

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



TYPE

AC Motors:

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

b) Continuous duty LT motors upto 200 KW Output rating (at 50 deg.C ambient temperature),
shall be Premium Efficiency class-IE3, conforming to IS 12615, or IEC:60034-30. HT motors
shall have minimum design efficiency of 95 % Tolerance on efficiency value applicable as per
IEC 60034.

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

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

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

mentioned in subsection for VFD.

RATING

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

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

operating range including voltage and frequency variations.

TEMPERATURE RISE

Air cooled motors

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

Water cooled

80 deg. C over inlet cooling water temperature mentioned elsewhere, by resistance method for
both thermal class 130(B) & 155(F) insulation. 41 deg.C over inlet cooling water maximum

temperature of 39 deg.C for thermal class 90 (Y) wet wound Boiler circulation pump motor.



OPERATIONALREQUIREMENTS

Starting Time

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

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

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.

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

requirements are not met.

Torque Requirements

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

Pull out torque at rated voltage shall not be less than 205% of full load torque. It shall be 275%

for crane duty motors.

Starting voltage requirement

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

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

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

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

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

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



DESIGN AND CONSTRUCTIONAL FEATURES

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

inside the main terminal box may be acceptable.

All motors shall be either Totally enclosed fan cooled (TEFC) or totally enclosed tube
ventilated (TETV) or Closed air circuit air cooled (CACA) type. However, motors rated
3000KW or above can be Closed air circuit water cooled (CACW). The method of movement
of primary and secondary coolant shall be self-circulated by fan or pump directly mounted on
the rotor of the main motor as per IEC 60034-6. However VFD driven motors can be offered
with forced cooling type with machine mounted fan or pump driven by separate electric motor.

Motors and EPB located in hazardous areas shall have flame proof enclosures conforming to

IS: 2148 as detailed below

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

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

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

(C) 240VAC, 415V AC & 220V DC motors: Thermal Class (B) or better

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

to indicate inlet and outlet primary air temperature.

Noise level for all the motors shall be limited to 85dB (A). Vibration shall be limited within
the limits prescribed in IS/IEC 60034-14. Motors shall withstand vibrations produced by driven
equipment. HT motor bearing housings shall have flat surfaces, in both X and Y directions,

suitable for mounting 80mmX80mm vibration pads.



Motor body shall have two earthing points on opposite sides.

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

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.

The motors shall be suitable for bus transfer schemes provided on the 11kV, 3.3 Kv /415V

systems without any injurious effect on its life.

The size and number of cables (for HT and LT motors) to be intimated to the successful bidder

during detailed engineering and the contractor shall provide terminal box suitable for the same.

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

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

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

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

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

(e) Above 4000KW : 6 to 6.5

TYPE TEST

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

laboratory or should have been witnessed by a client.

However if the contractor is not able to submit report of the type test(s) conducted within last
ten years from the date of bid opening, or in the case of type test report(s) are not found to be

meeting the specification requirements, the contractor shall conduct all such tests under this



contract at no additional cost to the employer either at third party lab or in presence of client/

employer’s representative and submit the reports for approval.

LIST OF TESTS FOR WHICH REPORTS HAVE TO BE SUBMITTED
The following type test reports shall be submitted for each type and rating of LT motor
of above 100 KW only

1. Measurement of resistance of windings of stator and wound rotor.

. No load test at rated voltage to determine input current power and speed

. Open circuit voltage ratio of wound rotor motors ( in case of Slip ring motors)
. Full load test to determine efficiency power factor and slip.

. Temperature rise test.

. Momentary excess torque test.

. High voltage test.

. Test for vibration severity of motor.

. Test for noise levels of motor (Shall be limited to 85dB (A)).

O 00 3 O n B~ W DN

10. Test for degree of protection and
11. Over speed test.
12. Type test reports for motors located in fuel oil area having flame proof enclosures as per IS

2148 / IEC 60079-1

All acceptance and routine tests as per the specification and relevant standards shall be carried

out. Charges for these shall be deemed to be included in the equipment price.

The type test reports once approved for any projects shall be treated as reference.

For subsequent projects of NTPC, an endorsement sheet will be furnished by the manufacturer

confirming similarity and “No design Change”. Minor changes if any shall be highlighted on

the endorsement sheet.



TABLE -1
DIMENSIONS OF TERMINAL BOXES FORLV MOTORS

Motor MCR in KW
Minimum distance between centre of
bottom terminal stud and gland plate in mm
UP to 3 KW As per manufacturer's practice.
Above 3 KW -upto 7 KW 85
Above 7 KW -upto 13 KW 115
Above 13 KW - upto 24 KW 167
Above 24 KW -upto 37 KW 196
Above 37 KW - upto 55 KW 249
Above 55 KW - upto 90 KW 277
Above 90 KW -upto 125 KW 331
Above 125 KW-upto 200 KW 385/203 (For Single core cables only)

PHASE TO PHASE/ PHASE TO EARTH AIR CLEARANCE:
NOTE: Minimum inter-phase and phase-earth air clearances for LT motors with lugs installed

shall be as follows:

Motor MCR in KW Clearance
UPto 110 KW 10mm
Above 110 KW and upto 150 KW 12.5mm

Above 150 KW 19mm



LT MOTOR APPROVED VENDORS ARE GIVEN BELOW. HT MOTORS TO BE SOURCED FROM SHEL/ABB/SIEMENS

04 | LT MOTORS a) KE Bangalore/ Please refer remark . Cat |
) KEC Hobe (Ut s refer ten BAP/QR/G501&G502/LTM:012 Above SOKW and up
90K W) Categorization Rev NO: 00 dt 17052018 to 200KW
¢) CGL Ahmednagar NTPC inspn as per appd
RQP/MQP
b) SIEMENS Mumbai w Acceptance of Motor rating between 30KW to 50 KW is
_ Pleaselrefer ;emark based on NTPC Review of Routine Test Inspection report as Cat-II
c)ABB Fggﬁa{;?d up to C;&gﬁ;aan per IS 325 Witnessed by BHEL/BHEL AIA ie Main contractor **W
Bangalore along Wlth COC of the . manufacturer and the contractor
above 55KW confirming as follows: "It is hereby confirmed that the above
mentioned motor was /motors were manufactured taking care # #Cat-I1I
a) BBL Mumbai of NTPC specific requirements regarding ambient temperature, Up to 30KW
voltage and frequency variation, hot starts , pull out torque,
b) NGEF Hubli (up starting KVA/KW, temperature rise, distance between centre of
to15KW) stud and gland plate, space heater and in accordance with
approved drawing /data sheets"
©) Marathon Kolkata ##Acceptance of Motor less than 30KW is based on COC of
d) Jyoti Vadodara the manufacturer and the contractor conforming as follows: "It
is here by confirmed that the above mentioned motor/motor
e) LHP Solapur was | were manufactured taking care of NTPC specific
requirements regarding ambient temperature, voltage and
(For other PMD vendors frequency variation, hot starts , pull out torque, starting
except above NTPC KVA/KW, temperature rise ,distance between centre of stud
approved vendors, pl refer and gland plate and tested m accordance with approved
Sino. 4 under important drawing /data sheet".
notes in page no: 11)
Prepared by: C(. Reviewed by: g H - Approved by: 4.1
(Ch.Anil Singh) ( S.Sheela) (K. 1Parimalam)

Dy. Engineer/QA (Electrics)

Dy.Manager/QA (Electrics) & System

DGM [ QA (Electrics)




Annexure-9
INSTRUMENTATION CABLE, CONTROL & POWER SUPPLY CABLE,
INTERNAL WIRING AND ELECTRICAL FIELD CONSTRUCTION MATERIAL

General requirements

e All cables including special cables, internal wiring and electrical field construction material shall
conform to this specification, Employer approved detail engineering drawings & documents and
the latest edition of the relevant standards & guidelines. The Bidder shall furnish all material and
services required for the completeness of the work identified in his scope as per this specification.

e The Contractor shall supply, erect, terminate and test all instrumentation cables for control and
instrumentation equipment/devices/systems included under Contractor's scope and ensuring
completeness of the control system.

e Any other application where it is felt that instrumentation cables are required due to
system/operating condition requirements, are also to be provided by Contractor.

e Other type of cables like fiber optic/co-axial cables for system bus, cables for connection of
peripherals etc. (under Contractor's scope) are also to be furnished by the Contractor.

o Contractor shall supply all cable erection and laying hardware from the main trunk routes like
branch cable trays/sub-trays, supports, flexible conduits, cable glands, lugs, pull boxes etc. on as
required basis for all the systems covered under this specification.

e  Wherever the quantity has been defined as on as required basis, the same are to be furnished by
contractor on as required basis within his quoted lump sum price without any further cost
implication to the Employer.

SPECIFICATION OF INSTRUMENTATION CABLE
Common Requirements

S. Property Requirement

No.

1 Operating Voltage 225V (peak value)

2. Codes and standard All instrumentation cables shall comply with VDE

0815, VDE 0207, Part 4, Part 5, Part 6, VDE 0816,
VDE 0472, SEN 4241475, ANSI MC 96.1, 1S-8784,
1S-10810 (latest editions) and their amendments
read along with this specification.

At 205 Deg C for Type-C cables & heat resistant

o S&Patg}hl@us OpeTEtion cables, at 70 Deg C for all other type of cables.
4. Marking :- a.Progressive automatic on-line sequential marking of length in meters

to be provided at every one meter on outer sheath.

b.Marking to read ‘FRLS’ to be provided at every 5 meters on outer sheath except
for Type-C cable

c.Durable marking at intervals not exceeding 625 mm shall include manufacturer’s
name, insulation material, conductor’s size, number of pairs, voltage rating, type of
cable, year of manufacturer to be provided on outer sheath.
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S. Property Requirement

No.

5. Allowable Tolerance on +/- 2 mm (maximum) over the declared value in data
overall diameter sheet

6. Variation in diameter Not more than 1.0 mm throughout the length of

cable.

7. Ovality at any cross-section | Not more than 1.0 mm

8. CAGE-CLAMP suitability To be provided

9. Color The outer sheath shall be of blue color.

10. Others Repaired cables shall not be acceptable.

Specific Requirements

Specification Type-A Type-B Type F& G Type-C cable
Requirements cable cable cable
A. CONDUCTORS
Cross section area 0.5 sgq. mm
Conductor material ANS| type | ANSItype | Annealed bare ANSI type KX
KX SX copper
Colour code Yellow-Red | Black-Red | As per VDE-815 | Yellow-Red
Conductor Grade As per ANSI MC 96.1 Electrolytic As per ANSI MC
96.1
No & dia of strands 7x0.3 mm (nom)
No. of Pairs 2 2 2/4/8/12/16/24 | 2
/48
Max. conductor loop As per ANSI MC 96.1 73.4 As per ANSI MC
resistance per Km (in 96.1
ohm) at 20 deg. C
Reference Standard As per ANSI MC 96.1 VDE : 0815 As per ANSI MC
96.1
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Specification Type-A Type-B Type F& G Type-C cable
Requirements cable cable cable

B. INSULATION

Material Extruded PVC type Y1 3 Teflon (ie.

extruded FEF)

Thickness in mm
(Min/Max)

0.25/0.35

04/050
(nominal)

Volume Resistivity
(Min) in ohm-cm

1x10™ at 20 deg. C & 1x10"" at 70 deg. C.

2.8x 10" at 20
deg. C & 2x10"" at

205 deg. C.
C. PAIRING & TWISTING
Max. lay of pairs (mm) 50
Single layer of binder | Each core printed with Yes Each core printed

tape on each pair
provided

number or Numbered
binder tape to be

with number or
Numbered binder

provided on each pair tape to be

provided on each
pair

Bunch { Unit M.A To be provided MN.A

Formation) for more

than 4P

Conductor /pair NA. To be provided NA.

identification as per

VDEQOS15

D. SHIELDING

Type of shielding Al-Mylar tape

Individual pair No To be provided No

shielding for F-type cable

Minimum thickness of MNo 0.028mm (28 Mo

Individual pair micron)

shielding

Overall cable To be provided

assembly shielding

Minimum thickness of
Overall cable
assembly shielding

0.055 mm (55 micron)

Coverage /

100% / 20%
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Specification Type-A Type-B TypeF& G Type-C cable
Requirements cable cable cable
Overlapping
Drain wire provided for N.A. Yes (for F-type) | N.A.
individual shield
Size- 0.5 sgmm
No of strands-7
Dia of strands- 0.3mm
Annealed Tin coated copper
Drain wire provided for | Yes, Size- 0.5 sgmm,No of strands-7,Dia of strands-
overall shield 0.3mm,Annealed Tin coated copper
E. FILLERS (if applicable)
Non-hygroscopic, To be provided
flame retardant
F. OUTER SHEATH
Material Extruded PVC compound YM1 with FRLS Teflon (i.e.

properties

extruded FRP)

Minimum Thickness at
any point

1.8 mm

0.4 mm

Nominal Thickness at
any point

>1.8 mm

0.5 mm

Resistant to water,
fungus, termite &
rodent attack

Required

Minimum Oxygen
index as per ASTMD-
2863

29 %

N.A.

Minimum Temperature
index as per ASTMD-
2863

250 deg.C

N.A.

Maximum Acid gas
generation by weight
as per IEC-60754-1

20%

N.A.

Maximum Smoke
Density Rating as per
ASTMD-2843

60%

(defined as the average area under the curve
when the results of smoke density test

N.A.
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Specification Type-A Type-B Type F& G Type-C cable
Requirements cable cable cable
plotted on a curve indicating light absorption
vs. time as per ASTMD-2843)
Reference standard VDE207 Part 5,VDE-816 VDE207 Part 6
ASTM D2116
G. Electrical
Parameters
Mutual Capacitance 200 nF/km 120 nF/km for F 200 nF/km
Between Conductors type
At 0.8 Khz (Max.)
100 nF/km for G-
type
Insulation Resistance 100 M Ohm/Km
(Min.)
Cross Talk Figure 60 dB 60 dB 60dB
(Min.) At 0.8 Khz
Characteristic N.A. 320 OHM FOR N.A.
Impedance (Max) At 1 F-TYPE 340
Khz OHM FOR G-
TYPE
Attenuation Figure At 1 N.A. 1.2 db/km N.A.
Khz (Max)
H. COMPLETE
CABLE
Complete Cable Shall pass Swedish Chimney test as per N.A.
assembly SEN-SS 4241475 class F3.
Flammability Shall pass flammability as per IEEE-383 read As per
in conjunction to this specification manufacturer's
standard subject
fo employer's
approval
. CABLE DRUM
Type Non-returnable wooden drum (wooden drum to be constructed
from seasoned wood free from defects with wood preservative
applied to entire drum) or steel drum.
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Specification Type-A Type-B Type F& G Type-C cable
Requirements cable cable cable
Length 1000 m + 5% for up to & including 12 pairs

500 m + 5% for above 12 pairs

Note: Heat resistant instrumentation cable shall have same specification as of G/F type instrumentation
cable as specified above, except that insulation and outer sheath material shall be Teflon and cable shall
be suitable for continuous operation at 205 Deg. C.

SPECIFICATION OF OPTICAL FIBER CABLES (OFC)

Optic Fiber cable shall be 4/8/12 core, Electrolytically chrome plated corrugated steel taped (ECCST),
fully water blocked with dielectric central member for outdoor/indoor application so as to prevent any
physical damage. The cable shall have multiple single-mode or multi-mode fibers on as required basis
so as to avoid the usage of any repeaters. The outer sheath shall have Flame Retardant, UV resistant
properties and are to be identified with the manufacturer’s name, year of manufacturer, progressive
automatic sequential on-line marking of length in meters at every meter.

The cable core shall have suitable characteristics and strengthening for prevention of damage during
pulling viz. Dielectric central member, Loose buffer tube design, 4 fibers per buffer tube (minimum),
Interstices and buffer tubes duly filled with Thixotropic jelly etc. The cable shall be suitable for a
maximum tensile force of 2000 N during installation, and once installed, a tensile force of 1000 N
minimum. The compressive strength of cable shall be 3000 N minimum& crush resistance 4000 N
minimum. The operating temperature shall be — 20 deg. C to 70 deg.C

All testing of the fiber optic cable being supplied shall be as per the relevant IEC, EIA and other
international standards.

Bidder to ensure that minimum 100% cores are kept as spares in all types of optical fibre cables.

Cables shall be suitable for laying in conduits, ducts, trenches, racks and under ground buried
installation.

Spliced / Repaired cables are not acceptable.

Penetration of water resistance and impact resistance shall be as per IEC standard.
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SPCIFICATION OF LT POWER SUPPLY CABLES

All standards, specifications and codes of practice referred to herein shall be the latest editions including
all applicable official amendments and revisions as on date of opening of bid. In case of conflict between
this specification and those (IS: codes, standards, etc.) referred to herein, the former shall prevail. All
the cables shall conform to the requirements of the following standards and codes:

IS: 1554 - 1 PVCinsulated (heavy duty) electric cables for working voltages upto and including 1100V.
IS: 3961 Recommended current ratings for cables

IS: 3975 Low carbon galvanized steel wires, formed wires and tapes for armouring of cables.

IS: 5831 PVC insulation and sheath of electrical cables.

IS: 7098 (Part -I) Cross linked polyethylene

insulated PVC sheathed cables for working voltages upto and including 1100V.

IS: 8130 Conductors for insulated electrical cables and flexible cords.

IS: 10418 Specification for drums for electric cables.

IS: 10810 Methods of tests for cables.

ASTM-D -2843 Standard test method for density of smoke from the burning or decomposition of
plastics.

IEC-754

(Part-I) Tests on gases evolved during combustion of electric cables.

IEC-332 Tests on electric cables under fire conditions. Part-3: Tests on bunched wires or cables

(Category-B).

TECHNICAL REQOUIREMENT

The cables shall be suitable for laying on racks, in ducts, trenches, conduits and underground buried
installation with chances of flooding by water.

All cables including EPR cables shall be flame retardant, low smoke (FRLS) type designed to withstand
all mechanical, electrical and thermal stresses developed under steady state and transient operating
conditions as specified elsewhere in this specification.

Aluminium conductor used in power cables shall have tensile strength of more than 100 N/ sq.mm.
Conductors shall be stranded.

XLPE insulation shall be suitable for a continuous conductor temperature of 90 deg.C and short circuit
conductor temperature of 250 deg C. PVC insulation shall be suitable for continuous conductor
temperature of 70 deg C and short circuit conductor temperature of 160 deg. C.

The cable cores shall be laid up with fillers between the cores wherever necessary.

It shall not stick to insulation and inner sheath. All the cables, other than single core unarmoured cables,
shall have distinct extruded PVC inner sheath of black colour as per IS: 5831.

For single core armoured cables, armouring shall be of aluminium wires/ formed wires. For multicore
armoured cables, armouring shall be of galvanized steel as follows:
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Calculated nominal dia. of cable under armour Size and Type of armour

Upto 13 mm 1.4mm dia GS wire

Above 13 & upto 25mm 0.8 mm thick GS formed wire / 1.6 mm dia
GS wire

Above 25 & upto 40 mm 0.8mm thick GS formed wire / 2.0mm dia
GS wire

Above 40 & upto S5mm 1.4 mm thick GS formed wire /2.5mm dia
GS wire

Above 55 & upto 70 mm 1.4mm thick GS formed wire / 3.15mm dia
GS wire

Above 70mm 1.4 mm thick GS formed wire / 4.0 mm dia
GS wire

The aluminium used for armouring shall be of H4 grade as per IS: 8130 with maximum resistivity of
0.028264 ohm mm?2 per meter at 20 deg C. The sizes of aluminium armouring shall be same as indicated
above for galvanized steel.

The gap between armour wires / formed wires shall not exceed one armour wire / formed wire space
and there shall be no cross over / over-riding of armour wire / formed wire. The minimum area of
coverage of armouring shall be 90%. The breaking load of armour joint shall not be less than 95% of
that of armour wire / formed wire. Zinc rich paint shall be applied on armour joint surface of G.S.wire/
formed wire.

Outer sheath shall be of PVC as per IS: 5831 & black in colour. In addition to meeting all the
requirements of Indian standards referred to, outer sheath of all the cables shall have the following
FRLS properties.

(a.) Oxygen index of min. 29 (as per IS 10810 Part-58).
(b.) Acid gas emission of max. 20% (as per [EC-754-I).
(c.) Smoke density rating shall not be more than 60 % (as per ASTMD-2843).

Cores of the cables shall be identified by colouring of insulation. Following colour scheme shall be
adopted:

1 core - Red, Black, Yellow or Blue
2 core - Red & Black

3 core - Red, Yellow & Blue

4 core - Red, Yellow, Blue and Black

For reduced neutral conductors, the core shall be black

In addition to manufacturer's identification on cables as per IS, following marking shall also be provided
over outer sheath.

(a.) Cable size and voltage grade - To be embossed

(b.) Word 'FRLS' at every 5 metre - To be embossed

(c.) Sequential marking of length of the cable in metres at every one metre

-To be embossed / printed
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The embossing shall be progressive, automatic, in line and marking shall be legible and indelible. For
EPR cables identification shall be printed on outer sheath.

All cables shall meet the fire resistance requirement as per Category-B of IEC 332 Part-3.

Allowable tolerances on the overall diameter of the cables shall be +\-2 mm maximum, over the declared
value in the technical data sheets.

In plant repairs to the cables shall not be accepted. Pimples, fish eye, blow holes etc. are not acceptable.

Cable selection & sizing:
Cables shall be sized based on the following considerations:
(a) Rated current of the equipment.
(b) The voltage drop in the cable, during motor starting condition, shall be limited to 10% and during
full load running condition, shall be limited to 3% of the rated voltage.
(c) Short circuit withstand capability
This will depend on the feeder type. For a fuse protected circuit, cable should be sized to withstand
the let-out energy of the fuse. For breaker controlled feeder, cable shall be capable of withstanding
the system fault current level for total breaker tripping time inclusive of relay pickup time.

Cable lengths shall be considered in such a way that straight through cable joints are avoided.

All Cables shall be of armoured type.

All LT power cables of sizes more than 120 sq.mm shall be XLPE insulated and sizes shall be of
1Cx150, 1Cx300, 1Cx630, 3Cx150 & 3Cx240 sq.mm. However for cable sizes up to 120 sq.mm both

XLPE insulated & PVC insulated LT power cables are acceptable.

Same cable sizes to be used for same type & rating of motor i.e. if there are three pumps for one
application, all three pumps motor should be provided with same cables sizes.
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Type Tests

The reports for the following type tests shall be submitted for one size each of LT XLPE and LT PVC
Power cables. Size shall be decided by the employer during detailed engineering:

S.No. Type test Remarks
For Conductor
1. Resistance test
2. Tensile test For circular non-compacted
conductors only
3. Wrapping test For circular non-compacted

only
For Armour Wires/ Formed Wires

4. Measurement of Dimensions

D, Tensile Test

6. Elongation test

T. Torsion test For round wires only

8. Wrapping test For aluminium wires / formed
wires only.

9. Resistance test

10(a) Mass of zinc coating test For G5 Formed wires/wires
only

10(b) Uniformity of zinc coating For GS Formed wires /wires
only

11. Adhesion test For GS Formed wires/wires
only

For PVC/XLPE insulation & PVC Sheath
12. Test for thickness
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13.

14.
15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.
27.

Annexure-9

Tensile strength & elongation before ageing and after ageing

tests
Ageing in air oven

Loss of mass test

Hot deformation test

Heat shock test

Shrinkage test

Thermal stability test
Hot set test

Water absorption test

Oxygen index test

Smoke density test

Acid gas generation test
For completed cables

Insulation resistance test

(Volume resistivity method)

High voltage test

For PVC insulation and sheath only

For PVC insulation and sheath only

For PVC insulation and sheath only

For PVC insulation and sheath only

For XLPE insulation only
For XLPE insulation only

For outer sheath only

For outer sheath only

For outer sheath only

Flammability test as per IEC-332 Part-3 (Category-B)

Indicative list of tests/checks, Routine and Acceptance tests shall be as per Quality
Assurance & Inspection table of LT power cables enclosed.
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LT CONTROL CABLES

All standards, specifications and codes of practice referred to herein shall be the latest editions including
all applicable official amendments and revisions as on date of opening of bid. In case of conflict between
this specification and those (IS : codes, standards, etc.) referred to herein, the former shall prevail. All
the cables shall conform to the requirements of the following standards and codes:

IS :1554 - IPVC insulated (heavy duty) electric cables for working voltages up to and including 1100V.
IS : 3961 Recommended current ratings for cables

IS : 3975 Low carbon galvanized steel wires, formed wires and tapes for armouring of cables.

IS : 5831 PVC insulation and sheath of electrical cables.

IS : 8130 Conductors for insulated electrical cables and flexible cords.

IS : 10418 Specification for drums for electric cables.

IS : 10810 Methods of tests for cables.

ASTM-D —2843 Standard test method for density of smoke from the burning or decomposition of
plastics.

IEC-754 (Part-I) Tests on gases evolved during combustion of electric cables.

IEC-332 Tests on electric cables under fire conditions. Part-3: Tests on bunched wires or cables

(Category-B).

TECHNICAL REQUIREMENTS
The cables shall be suitable for laying on racks, in ducts, trenches, conduits and underground buried

installation with chances of flooding by water.

All cables including EPR cables shall be flame retardant, low smoke (FRLS) type designed to withstand
all mechanical, electrical and thermal stresses develop under steady state and transient operating
conditions as specified elsewhere in this specification.

Conductor of control cables shall be made of stranded, plain annealed copper.

PVC insulation shall be suitable for continuous conductor temperature of 70 deg C and short circuit

conductor temperature of 160 deg. C.

The cable cores shall be laid up with fillers between the cores wherever necessary. It shall not stick to
insulation and inner sheath. All the cables, other than single core unarmoured cables, shall have distinct

extruded PVC inner sheath of black colour as per IS: 5831.
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For multicore armoured cables, the armouring shall be of galvanized steel as follows:

Calculated nominal dia

of cable under armour Size and Type of armour

Up to 13 mm 1.4mm dia GS wire

Above 13 upto 25 mm 0.8 mm thick GS formed wire / 1.6 mm dia GS wire
Above 25 upto 40 mm 0.8mm thick GS formed wire / 2.0mm dia GS wire
Above 40 upto 55mm 1.4 mm thick GS formed wire/2.5mm dia GS wire
Above 55 upto 70 mm 1.4mm thick GS formed wire / 3.15mm dia GS wire
Above 70mm 1.4 mm thick GS formed wire / 4.0 mm dia GS wire

The gap between armour wires / formed wires shall not exceed one armour wire / formed wire space
and there shall be no cross over / over-riding of armour wire / formed wire. The minimum area of
coverage of armouring shall be 90%. The breaking load of armour joint shall not be less than 95% of

that of armour wire / formed wire. Zinc rich paint shall be applied on armour joint surface.

Outer sheath shall be of PVC as per IS: 5831 and grey in colour. In addition to meeting all the
requirements of Indian Standards referred to, outer sheath of all the cables shall have the following
FRLS properties.

(a.) Oxygen index of min. 29. (As per IS 10810 Part-58)

(b.) Acid gas emission of max. 20% (As per [EC-754-])

(c.) Smoke density rating shall not be more than 60% during Smoke Density Test as per ASTMD-2843.

Cores of the cables of upto 5 cores shall be identified by colouring of insulation. Following colour
scheme shall be adopted.

1 core - Red, Black, Yellow or Blue

2 core - Red & Black

3 core - Red, Yellow & Blue

4 core - Red, Yellow, Blue and Black

5 core - Red, Yellow, Blue, Black and Grey

For cables having more than 5 cores, core identification shall be done by numbering the insulation of
cores sequentially, starting by number 1 in the inner layer (e.g. say for 10 core cable, core numbering
shall be from 1 to 10). The number shall be printed in Hindu-Arabic numerals on the outer surfaces of
the cores. All the numbers shall be of the same colour, which shall contrast with the colour of insulation.
The colour of insulation for all the cores shall be grey only. The numerals shall be legible and indelible.
The numbers shall be repeated at regular intervals along the core, consecutive numbers being inverted

in relation to each other. When the number is a single numeral, a dash shall be placed underneath it. If
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the number consists of two numerals, these shall be disposed one below the other and a dash placed

below the lower numeral. The spacing between consecutive numbers shall not exceed 50 mm.

In addition to manufacturer's identification on cables as per IS, following marking shall also be provided
over outer sheath:

(a.) Cable size and voltage grade - To be embossed

(b.) Word 'FRLS' at every 5 metre - To be embossed

(c.) Sequential marking of length of the cable in metres at every one metre - To be embossed / printed.
The embossing / printing shall be progressive, automatic, in line and marking shall be legible and

indelible. For EPR cables identification shall be printed on outer sheath.

All cables shall meet the fire resistance requirement as per Category-B of IEC- 332 Part-3.

Allowable tolerances on the overall diameter of the cables shall be +\-2 mm maximum over the declared

value in the technical data sheets.

In plant repairs to the cables shall not be accepted. Pimples, fish eye, blow holes etc. are not acceptable.

Cable selection & sizing

Control cables shall be sized based on the following considerations:

(a) The minimum conductor cross-section shall be 1.5 sq.mm.

(b) The minimum number of spare cores in control cables shall be as follows:

No. of cores in cable Min. No. of spare cores
2C, 3C NIL

5C 1

7C-12C 2

14C & above 3

Cable lengths shall be considered in such a way that straight through cable joints are avoided.

All Cables shall be of armoured type.
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The reports for the following type tests shall be submitted for one size of control
cables. Size shall be decided by the employer during detailed engineering

S. No.

8(a).
8(b).

Type Test

For Conductor

Resistance test

Remarks

For Armour Wires / Formed Wires (If applicable)

Measurement of Dimensions
Tensile Test

Elongation test

Torsion test

Wrapping test

Resistance test
Mass of zinc Coating test
Uniformity of zinc coating

Adhesion test

For PVC insulation & PVC
Sheath

For round wire only

For aluminium wires / formed
wires only.

For GS wires/formed wires only

For GS wires/formed wires only

For GS wires/formed wires only
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S. No.

10.

11.

12.
13.

14.

15.

16.
17.

18.
19.
20.

21.
22.
23.

Type Test

Test for thickness

Tensile strength and
elongation test

Ageing in air oven

Loss of mass test

Hot deformation test

Heat shock test

Shrinkage test

Thermal stability test

Oxygen index test
Smoke density test
Acid gas generation test

For completed cables

Annexure-14

Remarks

before ageing and after ageing

For PVC insulation and sheath
only

For PVC insulation and sheath
only

For PVC insulation and sheath
only

For PVC insulation and sheath
only

For outer sheath only
For outer sheath only

For outer sheath only

Insulation resistance test(Volume resistivity method)

High voltage test

Flammability test as per IEC-332 Part-3 (Category-B)
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INSTRUMENTATION CABLE INTERCONNECTION AND TERMINATION
PHILOSOPHY

The cable interconnection philosophy to be adopted shall be such that extensive grouping of signals by
large scale use of field mounted Group Junction Boxes (JBs) at strategic locations (where large
concentration of signals are available, e.g. valves limit & torque switches, switchgear) is done and
consequently cable with higher number of pairs are extensively used. The details of termination to be
followed are mentioned in the given Table A.

TABLE A: CABLE TERMINATION TO BE FOLLOWED

Application Type Of Termination Type Of
Cable

FROM (A) TO (B) END A END B

Valves/dampers Marshalling / Plug in Postmount | G

drives (Integral Marshalling — cum connector cage clamp

Junction box) Termination Cubicle type.

/local group JB

Transmitters, Integral Junction box | Plug in Cage clamp | F,G

Process Actuated of LIE/LIR connector (Rail mount)

switches mounted type.

in LIE/LIR

RTD heads Local junction box Plug in Cage clamp | F

connector (Rail mount)
type.

Thermocouple Local junction box/ | Plug in Cage clamp | A, B, C*
CJC box (if connector (Rail mount)
applicable) type.

Other Field Local JB f Group JB | Plug in Cage clamp | F,G

mounted Instrument connector (Rail mount)

type.

RTD Temperature Plug in Screwed, F
transmitter connector Cage clamp

type

Thermocouple Temperature Plug in Screwed, A B, C*
transmitter connector Cage clamp

type

Local Junction box, | Group JB Cage clamp Cage clamp | F,G

Temperature (Rail mount) (Rail mount)

Transmitter, Int. type. type.

Junction box of LIE/

LIR/ MCC/SWGR

Local Junction box, | Marshalling / Cage clamp Cage clamp | F.G

Temperature Marshalling — cum (Rail mount) (Post

Transmitter, Int. Termination Cubicle | type. mounted)

Junction box of LIE/ type.

LIR/ Group JB /

MCC/SWGR

Marshalling cubicle/ | Electronic system Cage clamp Plug-in Internal

Termination Cabinet | cabinet (Post mounted) connector /| wiring

type. other
system as
per Mir’s
Standard
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Application Type Of Termination Type Of
Cable
FROM (A) TO (B) END A END B
Marshalling/ UCD mounted Cage clamp Plug in F.G
Termination System | eguipments (Post mounted) | connector/ | (with
Cabinets type. Cage clamp | plug-in
type (rail connect
mounted). or at
one
end)
DDCMIS/PLC PC, Printers etc. Plug in Plug in Mfr.’s
cabinets connector connector Standar
d

Notes:

1. Normally 10% spare cores shall be provided when the numbers of pairs of cables are more than
four pairs, except for pre-fabricated cables which shall be as per manufacturer’s standard.

2. For analog signals, individual pair shielding & overall shielding & for Binary signals, only overall
shielding of instrumentation cables shall be provided.

3. * For high temperature applications only.

4. For connection between field/JB and DDCMIS marshalling cabinet Minimum 4 pair
instrumentation cable shall be used.

5. All the spare cores of instrumentation cable have to be terminated in Marshalling cabinets/ DCS

panel end.
6. Not used.
TERMINAL BLOCKS:

Terminal blocks shall be rail mounted/post mounted, cage clamp type with high quality non-flammable
insulating material of melamine suitable for working temperature of 105 deg.

The terminal blocks in field mounted junction boxes, temperature transmitters, instrument
enclosures/racks, etc., shall be suitable for cage clamp connections. The terminal blocks in Control
Equipment Room logic/termination/marshalling cubicles shall be suitable for post mounted cage clamp
connection at the field input end. The exact type of terminal blocks to be provided by the Bidder and
the technical details of the same including width etc. shall be subject to Employer’s approval.

All the terminal blocks shall be provided complete with all required accessories including assembly
rail, locking pin and section, end brackets, partitions, small partitions, transparent covers, support
brackets, distance sleeves, warning label, marking, etc.

The marking on terminal strips shall correspond to the terminal numbering on wiring diagrams. At least
20% spare unused terminals shall be provided everywhere including local junction boxes, instrument
racks/enclosures, termination/marshalling cabinets, etc. All terminal blocks shall be numbered for
identification and grouped according to the function.

Engraved labels shall be provided on the terminal blocks.

The terminal blocks shall be arranged with at least 100 mm clearance between two sets of terminal
blocks and between terminal blocks and junction box walls.

INTERNAL PANELS/ SYSTEM CABINETS WIRING

Internal panel/cabinet wiring shall be of multi-stranded copper conductor with FRLS PVC insulation
without shield and outer sheath meeting the requirements of VDE 0815.
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All internal wires shall be provided with tag and identification nos. etched on tightly fitted ferules at
both ends. All wires directly connected to trip devices shall be distinguished by one additional red
colour ferrule.

All external connection shall be made with one wire per termination point. Wires shall not be tapped or
spliced between terminal points.

All floor slots of desk/panels/cabinets used for cable entrance shall be provided with removable
gasketed gland plates and sealing material. Split type grommets shall be used for prefabricated cables.

All the special tools as may be required for solder less connections shall be provided by Bidder.
Wire sizes to be utilised for internal wiring.

(i) Current (4-20 mA), low voltage signals (48V);
Ammeter/Voltmeter circuit, control switches etc.
for electrical system. 0.5 Sq.mm.

(i1) ) Power supply and internal illumination. 2.5Sq.mm. minimum (shall be as
per load requirement).

INSTRUMENTATION CABLE INSTALLATION AND ROUTING

All cables assigned to a particular duct/conduit shall be grouped and pulled in simultaneously using
cable grips and suitable lubricants. Cables removed from one duct/conduit shall not be reused without
approval of Employer.

Cables shall be segregated as per IEEE Std.-422. In vertically stacked trays, the higher voltage cable
shall be in higher position and instrumentation cable shall be in bottom tier of the tray stack. The
distance between instrumentation cables and those of other system shall be as follows:

From 11 kV/6.6 kV/3.3 kV tray system -914 mm
From 415V tray system -610 mm
From control cable tray system - 305 mm

Cables shall terminate in the enclosure through cable glands. All cable glands shall be properly
gasketed. Sealing (to prevent ingress of dust entry and propagation of fire) shall be provided for all floor
slots used for cable entrance. Compression cable glands (double for armoured and single for other
cables) shall be provided.

The cables emanating from redundant equipment/devices shall be routed through different paths. The
above segregation of cables & wiring for redundant equipment’s/devices shall be in accordance with
IEEE-Std-422.

CABLE LAYING AND ACCESSORIES

CABLE LAYING

1 Cables shall be laid strictly in line with cable schedule.

2 Identification tags for cables.

Indelible tags to be provided at all terminations, on both sides of wall or floor crossing, on each
conduit/duct/pipe entry/exit, and at every 20 m in cable trench/tray.

3 Cable tray numbering and marking.

To be provided at every 10m and at each end of cable way & branch connection.
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Annexure-14
4 No jointing is permissible for Instrumentation cables. For other cables jointing for more than 250
Meters run of cable shall be permitted.
5 Buried cable protection
With concrete slabs; Route markers at every 20 Meters along the route & at every bend.
6 Segregation (physical isolation to prevent fire jumping)

All cable associated with the unit shall be segregated from cables of other Units.

Interplant cables of station auxiliaries and unit critical drives shall be segregated in such a way that not
more than half of the drives are lost in case of single incident of fire.

7 Cable clamping

All cables laid on trays shall be neatly dressed up & suitably clamped/tied to the tray. For cables in
trefoil formation, trefoil clamps shall be provided.
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MANDATORY SPARES----ANNEXURE-10

ANNEXURE-10

SPARES for Wet ball mill Piping (Water, Slurry & Instrument Air),Valves, P

ic distributor box and instrume

SL [SUB TITLE ITEM DESCRIPTION Qry UNIT Remarks MAT CODE
1 SET= INO. OF EACH TYPE AND SIZE |BA9789254016
1|SLURRY VALVES SLURRY VALVES 4 SET
1 SET= INO. OF EACH TYPE AND SIZE |BA9789254024
2|SLURRY LINE BENDS SLURRY LINE BENDS 4 SET
TRANSMITTERS OF ALL TYPES BA9789254032
AND MODEL NO. (FOR
MEASUREMENT OF PRESSURE, .
DIFFERENTIAL PRESSURE, ¢
FLOW, LEVEL, TEMP, ETC.). 10% OR 1 NO. OF EACH TYPE
C&I-MEASURING THIS SHALL INCLUDE AND MODEL, WHICHEVER IS
3| INSTRUMENTS MAGNETIC/ EL 10 MORE
10% OR 1 NO. OF EACH TYPE [BA9789254040
C&I-MEASURING % AND MODEL, WHICHEVER IS
4| INSTRUMENTS DENSITY METER 10 MORE
(I) PROCESS ACTUATED BA9789254059
SWITCHES (PRESSURE,
DIFFERENTIAL PRESSURE, 5 10% OR 2 NO. OF EACH TYPE
FLOW, LEVEL, TEMP) (II) N AND MODEL, WHICHEVER IS
LIMIT SWITCHES (FOR MORE. 10% OR 2 NO. OF EACH
C&I-MEASURING PNEUMATIC AND MANUAL TYPE AND MODEL, WHICHEVER
5| INSTRUMENTS VALVES) 10 IS MORE.
BA9789254067
LOCAL GAUGES FOR PRESSURE, o 5% OR 1 NO. OF EACH TYPE,
C&I-MEASURING DIFFERENTIAL PRESSURE, MODEL AND RANGE, WHICHEVER
6| INSTRUMENTS FLOW, LEVEL, TEMP 5 IS MORE.
10% OR 1 NO. OF EACH TYPE, [BA9789254075
WBM C&I-PROCESS VALVES OF ALL TYPES AND % CLASS, SIZE AND MODEL
7|CONNECTION PIPING MODELS 10 WHICHEVER IS MORE
BA9789254083
o 10% OR 1 NO. OF EACH TYPE,
WBM C&I-PROCESS 2 WAY, 3WAY, SWAY VALVE CLASS, SIZE AND MODEL
8/CONNECTION PIPING MANIFOLDS 10 WHICHEVER IS MORE.
BA9789254091
o 10% OR 1 PACKET OF EACH
WBM C&I-PROCESS TYPE, CLASS, SIZE AND
9|CONNECTION PIPING FITTINGS 10 MODEL WHICHEVER IS MORE.
WBM C&I-PROCESS o 5% OF EACH MODEL OR 1 NO. |BA9789254105
10|CONNECTION PIPING PURGE METERS 5 WHICHEVER IS MORE.
WBM C&I-PROCESS o 20% OF EACH MODEL OR 2 BA9789254113
11/CONNECTION PIPING FILTER REGULATORS 20 : NOS. WHICHEVER IS MORE.
WBM C&I-CONTROL PNEUMATIC AND ELECTRO- 10% OR 1 NO. OF EACH TYPE, [BA9789254121
VALVES, ACTUATORS & HYDRAULIC ACTUATOR % MODEL AND RATING,
12|ACCE ASSEMBLY 10 WHICHEVER IS MORE
VALVE TRIM (INCLUDING BA9789254130
WBM C&I-CONTROL CAGE, PLUG, STEM, SEAT set
VALVES, ACTUATORS & RINGS, GUIDE BUSHINGS 1 SET FOR EACH TYPE OF
13|ACCE ETC.) 1 CONTROL VALVE.
WBM C&I-CONTROL DIAPHRAGMS, O’ RINGS, BA9789254148
VALVES, ACTUATORS & SEALS ETC. OF ALL TYPES %
14|ACCE MAKE ETC. 100
WBM C&I-CONTROL BA9789254156
VALVES, ACTUATORS & PRESSURE GAUGES OF ALL % 10% OR 2 NOS. OF EACH TYPE
15|accE TYPES, MAKE, RATING ETC 10 WHICHEVER IS MORE
POSITIONER UNITS BA9789254164
(COMPLETE UNIT) & o
ACCESSORIES (LINK SOLENOID VALVES (IF 10% OR 2 NOS. OF EACH TYPE
16/ ASSEMBLY) APPLICABLE 10 WHICHEVER IS MORE
POSITIONER UNITS BA9789254172
(COMPLETE UNIT) & POSITIONER UNITS (COMPLETE o
ACCESSORIES (LINK UNIT)& ACCESSORIES (LINK 10% OR 1 NO. OF EACH TYPE
17|ASSEMBLY) ASSEMBLY) 10 WHICHEVER IS MORE
BA9789254180
WBM C&I-CONTROL PNEUMATIC AIR- o
VALVES, ACTUATORS & FILTER/REGULATOR OF EACH 10% OR 2 NOS., WHICHEVER
18|ACCE TYPE, MAKE RATING ETC 10 IS MORE
WBM C&I-CONTROL BA9789254199
VALVES, ACTUATORS & % 10% OR 2 NOS., WHICHEVER
19|accE ATR LOCK RELAYS 10 IS MORE
10% OR 1 NO. OF EACH TYPE, |BA9789254202
WBM C&I-PNEUMATICS PNEUMATIC ACTUATOR % MODEL AND RATING,
20|ISOLATION / BLOCK VAL |ASSEMBLY 10 WHICHEVER IS MORE
DIAPHRAGMS, O’ RINGS, BA9789254210
WBM C&I-PNEUMATICS SEALS ETC. OF ALL TYPES %
21/ISOLATION / BLOCK VAL |MAKE ETC 100
BA9789254229
LIMIT SWITCHES (COMPLETE s
WBM C&I-PNEUMATICS UNIT) & ACCESSORIES (LINK 10% OR 2 NOS., WHICHEVER
22| ISOLATION / BLOCK VAL |ASSEMBLY) 10 IS MORE
BA9789254237
PNEUMATIC AIR- o
WBM C&I-PNEUMATICS FILTER/REGULATOR OF EACH 10% OR 2 NOS., WHICHEVER
23|ISOLATION / BLOCK VAL |TYPE, MAKE RATING ETC 10 IS MORE
WBM-ELECTRICAL ca 1 NO OF EACH TYPE AND BA9789254245
24|ACTUATORS ACTUATORS 1 RATING
WBM-ELECTRICAL ELECTRONIC PCB OF ALL o BA9789254253
25|ACTUATORS TYPES 10 ° 10% OF EACH TYPE & MODEL
WBM-ELECTRICAL ABSOLUTE ENCODER o BA9789254261
26|ACTUATORS (REPLACEABLE PART) 5 5% OF EACH TYPE & MODEL
WBM-ELECTRICAL o BA9789254270
27|ACTUATORS ELECTRONIC TORQUE SENSOR 5 5% OF EACH TYPE & MODEL
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1.1

1.2

1.3

1.4

1.5

Disclaimer for Indicative Vendor List

Reasonable efforts have been made to collate the sub-vendors proposed by the
various main contractors from time to time against different Projects/Packages and
accepted by NTPC for various items. However, in case of error/omission, if any, and
represented by the successful bidder this will be addressed during the execution of
the contract based on the material evidence available with NTPC / Main Contractor.
The approved sub-vendor list drawn is not based on NTPC driven enlistment process
but based on the sub- vendors proposed by various Main Contractors. As such, it is
possible that some of the Suppliers/Manufacturers who may be involved in similar
work/process may not be appearing in the list as such sub-vendors may not have
been proposed by Main Contractors against NTPC Contracts.

In case the successful bidder chooses to propose additional sub-vendors with relevant
experience after the award of the contract such sub-vendors will be considered in
terms of Clause no: 19.1 of GCC, provided the proposals are received sufficiently in
time: 90 days prior to ordering date of a Bought Out Items/Start of Manufacturing so
as not to impede the progress of the contract.

Sub-vendors have been grouped under different categories of items. It is possible that
an item characterized by certain specific features such as range and type required as
per Main Contractor’s design requirements may not be in the range of the listed sub-
vendor’s manufacturing process/capability. As such the main contractor to ascertain
the vendor’s capability to meet his specific requirements before considering a sub-
vendor.

It is to be noted by the bidders that any shortfall in contract performance attributable
to the sub-vendor listed will not absolve the contractor from his contractual obligations

in any manner.



1.6

1.7

The approval was granted based on the evaluation of relevant capabilities and
facilities possessed by the sub-vendor at the time of evaluation. Also, some of the
sub-vendors may not be active. As such, the successful bidder is to carry out his own
due diligence before considering the listed sub-vendor for subletting: the current
status of the sub-vendor, the continued availability of productive resources including
Human Resources.

The list of sub-vendors is periodically revised to include new sub-vendors. Such a
revision may also see a deletion of certain sub-vendors who may have been
disqualified on grounds of inadequate performance or banned in line with NTPC’s
banning policy. The then current list will be shared with the successful bidder

immediately on award.



v TR IPQO[D) ¥
v vl Inoy VS
W pIeMpUIY Yy sadi] 80 0D
v jeaney) / reluy Ty ‘wiw goof oydn pappam rendg)iy
v prqepauyy
v prqeIpUEIS
v prqEIpUR{S
v 10sSIH
v edep g 0
v vIepope
v prsiey
v wfuy
v yaedimpeyey ysoy pAing
v V[ IOy VS
v andpaysu LIS V.IVL
v peqeIzeyo) Tepuif () sodid spgfor
SI0pUAA‘ NG sjue )|
paaocaddy 1openuony uwepy 1aatanay iy [ sjuel ouaydsouny|g
v o sj1opq Juniasaurduy Ayjend) yue saqiosqy|g
[ oun, ‘W[ pr1Iag siofoauo)) vuvipug 1opeAal 1y ngls
D qns 18jay] uv, Iasoog|q
1817 A0 qns 1ajay] s11 J]og wmnova fo
15177 A0 qns 193y s101e31dy [g
1517 {0 NS 15 sdwn g EQ
1511 O s 1)y [T BUIpULID) SU0}SIW I3
15U 0D NS 1949 T
IS0 NS 12J9u sdwin 51
s Asndage
wsnugns | fsnes aYog Pg ELS)
yreway !.n_,.n_ [eaoxdde aep g sopjddns-qns pasodoi] [eaoxdde | qng | oy 4D | dsup LD oN 5
orjddns  [sonddng o o F s
-qns -qrs
. oivd IVAOUAIV MAT'TIINS _7_ IR
:zaf..,n“ -4NS ANV NV 1d AT TVAD ONTINOTN SWAL 40 ISI1 S TXTOGTE ﬁﬁuh,_.
R A..A._...A..g
ON 20(1] L5171 HOANIA-UNS TALLY JIANI -SIWALL TV INVHOAN l




(01551 -ANOCE OWAN)SaAPA (P8 5 V 19nH i
.t_v.{—..-
00ct 1 odn ey pafiog ssepoppcz’ . ozodn
1] 4By ‘ppossed’,0z ondn saajep
NI D /qOLD) /RSP Id MO TSYRED v 2I07RqUITOD 171
IAIPA APIIING SSRLY'SD 104 v (oo opery| saaep mmuag / saajup 004,
OTNJgNODE
o1dn saafeA YoayD/eqoin /e [ v vidy SAAPA A'Y
00E55¥1 AN00E
oudn aagey, yoayD faqojn/amen v undepuoy 194
SOWID'SS 10J 0055V D’AN00goIdn
SOAJEA Yoy ) faqol) /aen ¥ 9nH Aad oM
anpc ordn aaep
WD 06T $5P[D'AN00E 01dn O 3 gNoog ovdn
SSOLND ANO00E 0dn agofoy /Spay ) faen [ v aey puwef| tapeay|
OINJ'N00Z 01dn aqofny /NI /alen [ v YvIMOH 0D 1 IIRSH
“OLNJ AN0090Idn 3qo[5) ey /aes [ v YUIMOH saAep wn
TP /
2 Bup ey fssepn fod 1) (paosdde 1od sy 1 3 uonepdde (g 10y saafep 1
¥ !
v nimjeduag
v Jvdeurunuwe
A
v stadweq] puv sapen|gr
¥
W
¥
A
PYTIA
—H.-:._ff/—. _n.-—_._.Tw-._l_l
“PIT] erpu ooy 20y
JOOAMAION] WUI0T)
(Ood1)reslung
1] om0y snupde]
"PYT S 20 [00MUTIY
SALSNPU] [00 MY 03]
Teuua uonensu] pAoy] uonensul 91|zt
oS KmnSaper
wssnuqns | /smeys s | s kL)
yreway el [[eaosdde aep g sopjddns-qns pasodoi] [eaoxdde | qng | oy 4D | dsup LD oN IS
orjddns  [sonddng o o F s
«qns -qns5
. oivd IVAOUAIV MAT'TIINS N3Jenuo))
AP -gns ANV NV ALTTVAD ONMINOTH SIWALI 10 ISI1 :aanddng]
Op AT adeoe ]

adprg (94 :

ON 0] |

LSTTHOANTA-INS TALLY DIANI -SIWALL TV IINVHOAN




S

v aun, ‘1ofaf] J0A2AU0]) BURTpU| 4
v 1eden] AN uooapy
v Rk | | JLWH
W -.ﬁe._,.f—:—n— Jok ‘
¥ Iqnypiwuncy H
v Dun,J DRLIOUY 207
L veyjoy]|  Juijpuey jeu : ]
¥ aung ‘nen Il ‘meo degfer
008 SS¥[D °N
C.m O._F_q- L.f__\ A .1—.!.:._.- LLC—MM Q#n.u..u _..rﬂm.“ mu@m.:v..m Y peqepaunyy .HUHEMCW —-.)—EI
9INd
AN 00€ ‘01 Nl “HN 00FL s2a[ea Spaanng 1D A un,j Flquac]
008 5510 4N
05 odn aapea ooy aqo(@ sen) pays paliog v euuay )y / au IPWUYS SOUIOY,
9INd
AN 00£ ‘01 N “8N 00F1 S2A1ea Apaonng 1D v SaA[EA JagU]
008 55°ID
AN 0¢ o1dn ‘pc sseD N 0SE TR [Ivd v n ystut{ oIy
SAA|RA AJeE) ajiuy] v 0] Ediivg Bupreaundug sseanoy
9INd ]
AN 00€ ‘01 N “aN 00F1 S2A[eA Agaanng [D CPION] BA[EA DUPAPY
soae wesdydeic 19nH SICH 1AM
P ; 4 - pe
(os1ssviyaNoos odn(so)oms pafiog il 3«.‘._.:,,__ G VR Sp——
posse M-ZECM.E&S Aﬂ.rvv_.f-_dm mabﬂ.ﬂc.* . Jey pue| —.._. dapeaT]
mo.mﬁmv.«_“..‘v—zommﬁﬁ-h_.- Yu.i—-} _m—_w— =2 1 ﬁ—_ﬂ-_.-r..—ﬂﬁ _m—.:}v._ —_C:w.b:-u-ﬁ—\ (19 10§ soAles ¥l
s KmnSaper
wssnuqns | /smeys s | s e
yreway el [[eaosdde aep g sopjddns-qns pasodoi] [esosdde | squg | wop gD | dsug WILLL oN IS
apjddns  |sonddng aD aD /ad
-qng -qng
: r -
. oivd TVAQUIAV HAI1ddNS TONBvANOS
AP -gns ANV NV 1d ALITVAD ONMINOT SIWALI 40 1SI'1 :aanddng]
Op AT admpe] (104 ¢ asee ]

OpN 0]

LSTTHOANTA-INS TALLY DIANI -SIWALL TV IINVHOAN




LD adn 1O LNET oidn istoy 4 aso[edurg PITIAL THW [2swry
suol of oidn v prquiapAy Jdun
suol ] o v yredyy sipourduyg sueis Aimuasy
suoL I odn v peMnyg atog wydpy
suol ¥ odn)| v aung sauwiy Appq
suo] oz oydn v prqepLIeg SALISNPU] PAN]
suo] pr ol W CPION] I3 EaIny 1510 efduepy
suo] pz oudn v auwey Qe OJSIOR] [PSIAATUR
suol ¢l ewdn L [BMIRL] PV A PIPUT JOJILL (0wl ],
suo] oz @dn v peqepLieg stoauiduy dun
suo] ¢ opdn v weqloy|  1ag wipu uosnSing oagong,
S{I0AL aUn,
jesuol ¢ oidn 3 waegeg e suo] cf midny v aun| 1SI0L] paqeprjosuo’)
suUo] 01 2..:._ v peqepaunyy SO =y ...“.!:2
Loz o1dn 3sioH % LS oidn 107 v prqupLIeg pr11ad unrseurduy diveg, 4
SALI0SS
LING ovdn 15104 v W[aC] MAN] pue juawdy 1y
LINGT )
aaoqe §ISI0H pue [0F odn saueiy 1OH v aung / eiees 1s10H Py b‘ ;
LNoF odn v prqepiieg nsnpugd
Ll odnasioH ornoapy v T U] 1SI0H Sa[naaH 1510 [eornoap |6l
v ; Yomaes
¥
\d Jnp
v 105 yutof vorsuedxyg sipepop uopng|gr
W
v SaLNSNPU Ivsauo] syutof uotsuwedxg a2l
v ATOP MO
¥ SI0YSTY
ww
R\ e | LM
al0[edury S[RISUTIA] XA
aung a5
aun,| WYL W IRy
% BI0YRGLITO OgIm e
a SIA[0IE IP{SO[ITY] (aaem ssooosd)sdwng soqeppor
Asndage
FELTET aYog Pg ELS)
yreway [eaoxdde aep g sopjddns-qns pasodoi] [eaoxdde | qng | oy 4D | dsup LD oN IS
aapjddng a0 | a0 /ad>
-qns5
oied TVAOHIAY ¥AI'TddNS N DTROS
czaf..M“ -4NS ANV NV 1d AT TVAD ONTINOTN SWAL 40 ISI1 TGS “_ “..,A_ﬁr_.“,,_. E
op 2od]  ISTTHOANTA-INS TALLY JIANT -SIWALL TV JINVHOAW :




SAN0S

pasoiddy 1010enu0 uivgy Burppep> uonensuy s
L vIpuf UVS N ]SS 9%
A0Inog
pasoiddy 1openuon urepy [ sl sadi] - [pa1g (ramonng| Lot
v VICINI Ms[ ﬁ
v VICINI 12915 SPAA0[]
v VICINI saLnsn pup juds]
v VICINI AV S5
v VICINI 1S
v VICINI IHAIS VIVL
v VICINI VS T
v TURAJEY ANy marpuy
v edavosg W A)SA 4
TeuuaN )
v / meyoy D AMO)
'l Py ue it
v prqepawy Ty [9aW] Suv] UOnP[UIA £C
W EIEICE | Jaqqny] dastta ],
v INSSOR]| TN [Ny
Ll vIpu] JAuRLIEaT) i TN,
v vipuf / ysn JOL 1L 12q105q Y
Ll TEUUO saLnsn puy pue suey oy Su daqqny] i
N0
dy 1openuoy urepy STumy ys Jelld ded 1T
v SIAP[OJ [FLSnpuU]
v PATIA] 2 ey
v 2y Aduapisal]
Ll vl ™ Jaqqny] Jaswa],
v Nl 12qqNy] A[O]
yavijeyeg| [
U 1aqqny] Amjuyg
euIaquIY Fumr) smuoyse|y
TR UM A] 1G] WIS)SIAL
V. wuuay SIULAUH RIOD
Yomsaw Ao ] ourwse|| gy 0T
Asndage
FELTET aYog Pg ELS)
yreway [eaoadde aep g sopjddns-qns pasodoi] [eaoxdde | qng | oy 4D | dsup LD oN IS
wijddng a0 a0 /ad
-ang
oivd TV AQUIAY MAI'TddNS i H_.z IR
cz,d.#,..M“ NS ANV NV1d AL TVAO ONTHINOAN SWALT 10 1SI1 TS “..,A_m_r_.n,,_. ..
ON O] ISTT AOANAA-UNS TALLVOIANI -SIWALIL TV IINVHOAIN -




81 jo | abed

N

N\

a8
A
Hdl 5/8l 01ldn v vsn REISRELNIES N
1VHOdH0D
HdL 0921 OL dn v vsn yaHsNBe viNgaTAsnNad HOLVINNVYO ONIM| €
HdL G/p2 0L dn v ¥NdAIHSWYP v 4d1
HJL 0561 OLldn v 3nNNd - - 1ML
Hdl 05/t O0ldn| v anv1od] o W V'S 3NV SIVvS
Hdl 0S/L OL dn v HYOUN A A D> NOO313
HdL 0522 OLldn v WVYHNdITHONY V4 1% ¥30334 310avd z
HdL 0022 OLldn v 19NHAXYWN I'YAVS ATIYNOW
Hdl 00¥Z 0Lldn v ML
Hd1 0022 OLldn v VIONI VAONI L
Hd1 0022 01dn v NOD313
Hd1 0022 0Lldn v 191
) YOAIANOD
Hdl 00vZ OL v QvavyIaAH I13L 3789180 HLIM 330334 NOMdY 1
A J
V ‘Je)
SNLVIS “dsu] ‘oN
LY | #| IvAOUddY ONIHNLIVINNYIN 40 wusn_—wm<m<._.<n_ Y3d SV ¥31ddNS 319v.1d3dIv| /dD way| IS
ilva
DALN
ON NOISIAIY E_

ON J0d J)dIN

1SI7T HOAN3IA 9NS JAILYIIANI

:39VXIVd




8| jo ¢ abed

Hd.l 0cel Ol dN

HYOVN A A

NOO313

HdlG/8L OLldN

AIVLI

INOIZVHEINA ONHO3 L

Hd.l 000} Oldn

1gNHAYYWNA

I'YAVYS ATTYNOW

Hdl0c€lL Ol dN

HYOVN A A

NQ,

Hd1l 009l Ol dN

IVYHVYESNWA

ALNVHIVM TVNLOVHLINOD IN0EV %
d3IN0 SHVIA G 40 ALNVHIVM A3ANILX3
JAIO TTVYHS 441 ‘'Hd.L 008l OL dN

HNdd3IHSWYr

J34/NIIFHIS ONILYHGIN

481

‘Auewiag) —

SIM1 woly panoidde saainos jAuewias) - Sy L
wouy papodwi aq ||eys Japasy usalos Buneiqin
10} sBunds poddns pue sis)ioxa usamiaq
Bulidnoo ‘Yeys uoples ‘syun Is}oxa adoueleq
a|gnop pue Jojenuelb Bury 1o} sjeid usalos 1oy
s|eusjew mes pue sbuueaq Jsjjol |eouayds ‘g
‘1M1 Ag @sjuelenb asuewaopad 0} uonippe

ul ‘Japasy usalos Bupeliqia pue Jojenueld

Bury Joy AiojeuBis pazuoyne Aq paubis

AInp peay Japs| J1ay} uo asjuelend dn yoeq
aouewlopad Jwans |jeys Auewis-Spil 2
‘Auewiag - gy | Jo aouasaud ul suop aq ||leys
Japas4 usaliog Bupelgip @ Jojenuess Bury
3s414 10} ayis 1Bpny| 3B unl |el} pue uope||ejsul
pUB S3IOM |[Y ] }e J1apaa uaaios Buieiqin
Lioje|nuels Bury 3s.1 1o} una |ely pue uonoadsu|
‘Auewisg- sy L Aq suop aq |jeys dyD pue
Buimesp 9 Jo BumsA 'L Hd L SE02 O1 45

<

INNd

1ML

SNLYLS
TVAOHddY

ONIHINLOVINNVYIN 30 3DV1d

3Svav1iva d3id SV ¥311ddNS 319v.1d320V

‘}ed
~dsuj
/d0

wayy

lva

ON NOISIATY

ON J0d J)dIN

1SI7T HOAN3IA gNS FAILVIIANI

:319VAIVd




8l jo ¢ abed

HYOVN A A

NOO313

INNd

IIML

V.LYATOM

ST00L TVON3E

Hdl0lcl Oldn

1IGNHAIYINNA

IFTVAVS AT

ALNVHEVYM TVNLOVHLINOD JNOGY B
H3IN0 SHVIA G 40 ALNVHEVM A3ANTLX3
IAIO TIVHS 441 'Hd1 008 Ol dN

HNdAIHSWYTr

d3ddldL ONITIIAVYEL

‘Auewiag —

SIM1 woly panoidde saoinos jAuewlas - Sy L
wouy papodwi aq ||eys Japasy usalos Buneiqin
Joj sbuuds poddns pue sia)l9xa usam}aq
Bulidnoo ‘Yeys uop.aes ‘spun Js}IoXs adueeq
a|gnop pue Jojejnuelb Buly 1o} sjejd uaalos 1oy
s|eusjew mes pue sbuueaq Jsjjol |eouayds ‘g
1IML Ag @sjueienb aosuewiopad 0} uoijippe

u| ‘1apasy uaalos Bupeigia pue Jojejnueld

Bury 1oy AiojeuBis pazuoyne Aq paubis

AInp peay Japs| J1ay} uo asjuelend dn yoeq
souewlopad Jwagns [jeys Auewls-SHL 2
‘Auewag - gy 1 Jo sdussaud ul suop aq |leys
Japaa4 uaalog Bupnelgip 3 Joyenuels Bury
Js414 10} 8yis 1BpNY) 3B unJ |el} pue uole||ejsul
puB S3IOM |[Y ] 1B J1apaa uaaiog Buieiqin
Lioje|nuels Bury 3.1y Joj una |ely pue uopoadsu|
‘Ruewsao- sy L Aq suop aq |leys 4y pue
Bumesp yo jo BumsA "L HdL G€02 OL dN

3INNd

A

ML

Hd.1000Z Ol

<

vsSn

SOILYWINIM TVHINTIO

SNLVLS
TVAOHddY

ONIYNLIVINNYIN 40 3DV1d|3ISVEVLVA H3d SV Y311ddNS 318V.1dIDV

‘1e)
dsuj
/dD

wayy

-oN

lva

ON NOISIATY

ON J0d J)dIN

1SI7T HOAN3IA gNS FAILVIIANI

-319VAIVd

(EZ)




81 j0 y abed

v UVOUN AN NeRERE SEle] 8
HLAIM WW 00vZ OLdn| v V34O 1SY1dONYD
HLAIM WW 0002 Oldn] v WNNIHO ERERIeE
HLAIM WW 00vZ OLdn| v EREERR) V'S SSYNI
HLAIM WW 00vZ Oldn| vV Nvdvr VINVHOMOA
HLAIM WW 00vZ OLdn| v VIV 10 1798 HOAIANOD XINFOHd © ¥4) 1138 Q400 13318 )
HLOIM WA 00vz OLdn] v NV VP VINVHOMOA /‘
HLOIM WW 000z OLdn] v IYNNTHO HOTMOH v
HLAIM WW 00zz O0Ldn| v annd y3gany WINIHS
HLAIM WW 002z O0Ldn| v lava|  a11 NoissinsnvaL 0ogOAvDl &
HLAIM WW 000z OLdn| v ¥NdHaor MOAIANDD |
'HLAIM WW 002z OLdn| v 1VdINOS ¥3gany NON
HLAIM WW 0094 OLdn| v VSVATIS 4399MYNV LSNANIH
HLAIM WW 0094 Oldn| v IVENNI NOT 173dW3S
HLQIM WW 009} OLdN v IVNNIHO A NY W
HLAIM WA 00vZ OLdn] v 303349 V'S SSYWI
HLAIM WW 002z OLdn] v VLY 10 £’ YOAIANOD XINIOHd (30v4O ¥4)ONILT3E Olav 9
[ 4
v s_<m:n_m_m__._o_g7 M- 137
v WH z& 181
'l’
v B&zmzo TNOYW - L3 1
v gbé_._ox OLWH
‘LNV1d ONITANYH WNSJAD / ONITANYH
JWM ONILVY HdLlosoldnyod] v annd ¥OAIANOD YNVIANI
Py ¥NdaIHSIVP 1M1
N
by< IENHOMYWN 3gn
Y
‘}e)
o snivis “dsuj ‘oN
LY ] 38( IvAOHddY ONIHNLIVINNYIN 40 wu<._n_—wm<m<._.<n_ Y3d SV 4311ddNS 319V1d3DIV| /dD way| IS
Jlva
DALN
ON NOISIAIY _@_
ON D0d JdIN 1SITHOANAA dNS FAILYIIANI :39V)IVd




8l j0 G abed

0Svy /0L 8zis 0y dn A VY.11v4/aNNnd d117 NOISSINNVYYHL WNIW3Xd
A HNdOVHVHMA (43AN3T1H) SNIWIIS
\4 HYOVYN A A NOOJ313
09¢ 8zis oydn A4 JHOLVYEHWIOD SHVYIO ILNVHS X0gdv3O TvIIT13aH vl
S30HNOS ddddV 'LNOD NIVIN v w SATTINd ¥O4 ONI¥V3Ig €l
v V1VNTOM H399NY AYNLINID L’
v IVNN3IHD OON3I OrgHL s
\4 V.LYM10M 399Ny AON3IAISTHd /
\4 VINMVYHO 389Ny 433AvHd
\4 IVNNIHO H399NY 140
A V1VYNTOM 399Ny d1d83g
\ HYOVN A A H¥3849Nd 443aNS!
\4 V.LYM10M =
\4 1YdaNOS S3IYLSNGN] IH SATTINd ¥O4 ONIOOVT d389Nd cl
A 3INNd SHOAIANGC
\ HdNdNANIH
VId WW 008 Ol dNn \ IH73d M3N S3l aONIX o
eid dN 008 01N \4 HVYOVYN A A 94N N AN
v —_WYaNdITHONY S WMI- L%
v INNd / QVEVEIAAH }V IDIL
v WYNYANENYIHL Pa) TV
v YNNIHO v/ AAVIH SNL
\4 V.1LYM10M [ 4 ST00.L TYON34
v [GNHAIVWO V Fan
A4 OVYIWOXd
A NODJ313 SA3TINd Ll
N S3I0HNOS ddddVY LNOD NIVIN SH31dI 404 SONIYV3d 0l
3ON3D17 S19 dITYA Ol 123rans S3I0HNOS ddddV 'LNOD NIVIN G6¢6 S1 S¥31dI ¥O4 S3dld 6
\4 SHOAIANOD VNVIANI
\4 173MTI0d
A4 IMI- 1R
v OVYIWNOY¥d
v INNg / AvEYHIAAH ML
elg gN 05} 0idn \4 HYOVN A A O4N NAA
V < V.LYMTOM ST00.L 1vON34
\4 HYHMOH Mvav'v
N_.W' HNdAIHSWVr SdWV
TV WYNOXVEWNA 1TYA
A4 1INHAYYWNH 39N
b
u "1e)
SNLVLS "dsul "ON

TVAOYddVY

ONIINLIVINNYIN 40 3DV1d|3ISYEV.LVa HId SV U311ddNS 318V.LdIIIV

/d0

way|

lva

ON NOISIAIY

ON J0d J)dIN

1SI7T HOAN3IA gNS FAILVIIANI

:39VXOVd

ED




81 j0 g abed

v IVNNIHO LNIAATOS NIAMOH
v IYNNIHO IQvN 401
v IVNNIHO QYYNOWY,
v LYdINOS W3LSAS Y S
v IHOTVONVYE LIN3ANG )//
v VLVM10M e
(DHO.LOW 21410373 NOHLVIYIN| A SNV NOILYTILNIA \z
S304N0S
e e QIAOHddY HOLOVHINOD NIV ﬁ WILSAS NOILYTILNIA 0z
v AVOUN A A NO
v Y IV 10M LA ® |
v HVYSMOH 3dd
v 19NHAYYINNY . w 38
v 3NNd o<§oz_._4£_zg
v VLV 10M SNITANVH TVINILYIN B ONINIW «31VO
v 3aNNd [ 1ML JOY ANV FLVO dBY ‘T1VO dv14 6l
S308NOS
om>o~_n_@pzoo NIV SONI1dNOD 319IX3 14 8l
i S304N0S
a3aA OLOVHINOD NIVIN ONITdNOD AFYVID Ll
0EET TNAS OLdN IdAL dOODS v avavyidaAH HLIOA
(4
"09£ 253 [spow oidn adAy doodg v YYOVYN A A NOD2313
0STT 1Sd OLdN 3dAL dO0JS v L aMyonvunv 11d (3dAL NOILOVYL
0EET-DS 01dn adA) dooos v ) N SYMm3ad 1VINOAQINTA ANV 4d002S) ONIT1dNOD aini4 9l
v ANVNYIO ‘00 ® HAWS IAIHA0YNT M3S
v/ ATYLI ININTNE
\ < ANVWEIO SVLNIAOW
v ANVWETO (43aN314) SNIWIIS
@' AVOUN A A NOO3 13 XOg¥VIO AYVLINV I Gl
KA Y LYY 10M SHYOM AINENTTTV MAN
. v ANVNHIO (¥3AaN374) SNIW3IS
-
‘}ed
g.um:bﬁm "dsul "ON
LY ] ; 38( IvAOdddY ONIHNLIVINNYIN 40 uu<._n_—um<m<._.<o Y3d SV 4311ddNS 319v.1d3DIV| /dD way| IS
V4 ilva AN
ON NOISIAIY @_

ON J0d J)dIN

1SI7T HOAN3IA gNS FAILVIIANI

:39VOVd




8| 10y ebed
\ aAvava3anwHv SHIINIONT VMVH
WW 009 O1 dN MO3IHD ONIMS v I¥NdYHANOM aEY
\ HYSYMOH WIMNVYE
\% HYYMOH HINYVYS H
9LNd gN 005 OLldN \4 YHOV SINIVANY (aN 009
_ 0S51# SSY19 ;mlﬁom SSV10 01 dN 304N0S
EGN009 MOIHD 0LNd NOSY 2 9LNd ANV v HYHANVYIVP d3avan INOYddY HOLOVHINOD NIVIN)
aN 051 390719'9LNd ANV gN0OE 3LVYD SIMNIVA MDIHD/AZ0T19/ALYO 1D Gz
\ FHOANI dNNd ONITIVA
v avavizvyHo dWNd 3¥OWAMOTd
\ avavd3anwHv AHINIHOVIN VADY
v IVEWNW SYOLAN N5
OMW &C
0] dn peay pue Ajioeded Jy/giN 0g 01 dn v IHOTIVONYE IN'YAVS
L ——_
\% INNd d JHOHSIM
v IHO01VYIWIOD i Nl WVS dWNd dWNS 144
MM G & dl71Ad
Ol dN dWNNd TvONdI4IN3ID TVINOZIOH v e | STOYLNQD INYISMOT4
\ AIHSVYN / INNd gSsHy
MM STEOLdN v avavizvHo [ 4 0OI1S103dd HO3LNIS
(@3dIno3ay
1ON SI HSdAN 343HM SNOILVYOI1ddVY v IYNN3IHO 1Ad VIONI SdWNd SO4ANN¥D
¥04) MM 0E OL dN TYINOZIYOH
dH/WND 00S OL dN \4 SdNNd FHOHSIM
\% TIdM
v ILOAP
\ NOLdWOY¥D ANV 1LS3d
A\ FHOWMOTH
YH/WND 00SL OL dN \4 odgdnl WS
\% 11VY1d B 43IHLVIN OTIM
\4 MUYHSOTHIM ‘17 S0¥g IWMSOTHIM dNNd TVONJIYINID TVINOZIHOH €C
82.Nn0s Uw>0._nam OdL1N woly
Awmsmo w\_am\_mn_c._m._. pue mm:mo alnssald S3IDHNOS
‘lojenjoy ‘jaued jojuo) ‘eAjeA Ajpspng d3anodddv dOLOVHLINOD NIV
‘ANYN ‘@A_A 8jES ‘Jaulels ‘dwnd ‘ue)s|Od W3LSAS NOILOVYYH1IX3A 1SNd zC
L4 rM v avavaawHy ¥0100a€99
P, v V1IVATOA NV LIVHMA
-
1e)
g.um:bﬁm “dsuj "ON
SIYYNIY| TWAOHddY | ONIMNLOVINNYIN 40 3DV1d[3SYEvLVA ¥3d SV ¥3ITddNS 318V.1d3DDv| /4D way IS
V4 ilva AN
ON NOISIAIY @_

ON J0d J)dIN

1SI7T HOAN3IA gNS FAILVIIANI

:39VXOVd




81 j0 g abed

‘00SC # Sse|Q pue

WWOS 01 dn saAjep ¥23YD / 390D / 81eD SO
' 00E# SSE|o pue WNOOS 0} dn ‘009 # Sselo
pue WWQOZ 0} dn SaAleA %28YD /390|9 /318D
SSO ‘00| # SSE|Q Pue WWOO09 03 dn saAep
393YJ / 390|9 / 8189 SO] |eUORUSAUOD

1anH

'008 SSY 10 dN 0S ‘009 SSY 10 WIW 059

JHOLVEWIOD

'009 SSVY12 N 00€ MOIHD ‘'00€ SSVY10
00 39079 ‘009 SSY12 &N 006 ILVO SO

avavonNvany
/IVEWNIN INVYN

‘008 SSY10 @N 0S SS4d/
S04 ‘00€ SSVY10 gNOOE SS ANV 051 SSY10
ENO0O0S ‘00€# SSVY10 'ENOSF OLdN SO

avava3iwHv

sy ION3 VMVYH

‘00SZ SSV1O gNO0E

JHOLVEWIOD

dind 8SH

gN0SC O1ldN SS

‘gN009 OLdN SO -IATVYAMOIHO 'EN00E
0OLldn SS/SO -3ATYA 39019 -GN00E
O.ldN SS 'dN009 OL1dN SO -IATVA 3LVO

Jvavy

ONOYLS 13318

‘008 SSV12 &N 0S '0SL SSYT1D 8N 052

AvdavaAWIHY

17 1INAd ©ON3 HO3LIH

"009 SSY10 gN0SL'00€ SSY10 00€

‘0G} SSV10 &N 00S MO3HD ‘00F SSYT1D &N
052 39019 '009 SSY 12 €N 00€E ‘00€ SSV10
€N 00S ‘0S} SSV10 gN009 OL dN JL1vO

TOT OOV T oy Oy oo oo Fv T goor
aVaYoalaYalWialaWal YWalalalidalall Bislalal Vil alalaWalal

dAI 13Hg

SS34NO4

SS34N0O4

gN 00€ OLdN SIATVYA SOO 404 ATNO

390719 SS '009#SSV10 WWO009 31V SO

< <<

S3I¥LSNANI TYAMSO

d3dv3l

(N 009 3ZIS ® 00€

SSV10 Ol dN 328NOS A3INOHddY
HOLOVHLINOD NIYW)SIATVA
MO3HI/390T19/3LVO S4 /SO

9c

‘00SC # SSE|Q puE

WWOS 01 dn saAjeA 423YD / 3909 / 8189 SO
' 00E# SSelo pue WINOQOS 0} dn ‘009 # SselD
PuUB WIW0OZ 0} dn SaAlBA %9840 /240]9 /31eD
SSO ‘00G| # SSe|D pue WWQ09 03 dn saAjep

30849 / 8G0ID / 81BD SO [BUORUBAUCD

1gnH

»adg d1am

SN1V1S
TYAOUddY

ONIHINLOVINNVYIN 30 3DV1d

3Svav1iva y3id SV ¥311ddNS 318v.1d300V

‘}ed
~dsuj
/d0

wayy

lva

ON NOISIATY

ON J0d JdLN

1SI7T HOAN3IA gNS FAILVIIANI

-39V)DVd




Q| 10 g abed

ATNO 1SIOH 21410373 404 NOL 0l OldNn v HYOVYN AN (79d) 99N3 SYAVYHd
1SIOH D1412373 Y04 NOL S O1dN v V.IVITOMN NOSSNOd3d oddNL
ATNO 1SIOH 21410373 404 NOL S1 Ol1dNn v avolvyd 1SIOH S3TNOY3H l/
ATNO 1SIOH 21410373 404 NOL S1 OldNn v VHHSIY AHdVYH3IHLOYLD313 /
SNOL
Gl OLdN LSIOH 01419313 404 INNd. v » ANNd/ VYV LVS 1SIOH d31vdITOSNOD V
NOLl 0L Oldn \% INNd IANVHO Ad (woq Joy suo] Gz aydn)
\4 avavalyv4d S3IIH1LSNANI YAFY 1SIOH 1410313/ INVYHO 103 0e
NOLl GL OldNn v avolivy A
NOLGZ0ldn v HYVOHaV11ve .
NOLS OLdn v IJ0OTVONvE NZSNEY
NOLlZl Oldn \ IH13d 1N3 N03 ONILAIT
NOLl 0Z OldNn \ IVMIVd [oF | 1OVl MO019 A3TINd NIVHD 6C
\% dSVYHANNTINr SANTVYN LNVS
\% IYaWNW N AVENOYG
v SVHANNTINT }V OON3 ¥3avI1 SIATYA TVLIW NND 8z
0GL# SSVY1D 'gN00L Oldn \ avava3inwHvy D‘mw_mmz_wzm YMVH
009# SSVY10 ANV gN 00F 0L dN \ LOMrvyd all N.vamn_ ONIYIINIONTI N ©
‘061 SSVY10 gN00C
0L dn SO0 ‘008 SSY10 gNOS Ol dn S04 \Y NOVOT13d 7 1Ad INTVA VYNOVY NNVYOT34
‘0S1 SSVT1O gNOooY v \ all ind
0Ol dN S22 ‘008 SSY12 N0S Ol dN SO4 &nﬁ SIATVYA 0D 99N NOISSIOIHd
008# SSVY10 'dNOS N m M _
0.1dN ANV ‘00€/0SL# SSVY1D ‘dNOSL OLdn i 90l e IR AN SO
aLi
00E#SSV10 N 00OL OL dN v WYNIHO ‘00 (ONVIFIHZ) STOMLNOD AYNE
008#SSV10 9N
0S ‘00E#SSVY 10 GN00Z'009#SSY 10 NOOL b/ Lo el VT E OO
00E#SSY1O . .
GN009 0L dN ANV 009#SSY10 SNOOY v 119nNH all INAd SIATVA HSINIH OdDIN
‘00sL
# ssejo pue W 00| 0 dn saAjen |leg SS /SO v 119NH Mag d1amMm (gN 001l 3ZIS ANV 008
‘006 #SSEIO pPUE W 0SZ O dn Sanjep |leg SO SSV10 Ol dN 304N0S danodddv
‘009# SSE|0 pue WINOOS 03 dn SaAleA |jeg wlw../ HOLOVHLNOD NIVIN) SIATVA T1vd 1C
Q.u 1)
¥ snivis “dsul "ON
SHYOWIY| WAOHddY | ONIMNIOVANNYIA 30 3Dv1d[ISYEV.LVQ ¥3d SY ¥31ddNS 318V.1d3DIV| /dD way IS
V4 ilva
SIIN,
ON NOISIAZY _@_
ON 700 JdIN 1S17 HOAN3A 9NS JAILYIIANI 130WYOVd




81 40 0} abey

"OM 052 O.LdN v dNdsSv1ig SONILSYD dndivy
ONILSV3 v IVIHE SONILSYD AVXIIE HOTSSOA
733.LS UN O LON 'OX 0SZ OLdN
ONILSYD 13315 UN J04 LON v VAYAMAVTIA SAOTIV SO
ONILSYD 13315 UN 804 LON v SYOVYN 9Y4IVZNIN 7331S dn )/
v avavaIaAH SAOT1V 19V3dOLIvIN
v ANdVH10M SAOTIV YNOY
v SNdYH 10 TI31S dNdVH 1O
v SVYOVNAVHE LISVOT33.1g
v SYOUN A A SONILSYD SYATEEN SONILSYD 1331S AOTIV ANV SO ze
v MISYN SONIDYOL NWHSI
v IHONVY 4% 03H
v SNANVI SONIDYOL IV
v VLIVM 10 vid ¥04
v HYVOANIAOD IANYIN VH 8YTNNd
v SNJUIHS VI O OAVL
v 3NNd .
v dNdvouna TIvS
v VLIV 10X ?ﬁm@z@mﬁ INVEIA
v IVNNIHO y 4 ) 39404 AVE
v VENNW N”N 394904 NVLSNANIH SONIOYO4
v HNdATHS WY [aaDNIdINVIE NV ONID¥04 NVIANI 133.1S NOEYYD/1IILS AOTTY Le
AINO 1SIOH 01410313 NOL 02 OLdN v avavarya|\ SHIANIONT dIdO
“INYYHD
103 404 S3DHNOS d3A0YddV Dd1IN IWOYH4 XO84v3I9 v SHIIANIONIT dIdO
v SINVEO NOAY
v VIONI SHYTTIW
103 904 NOL OF OLdn
aNV LSIOH D1¥10373 ¥04 NOL GL O1dn v il itk
1SIOH
01410313 L SL OLdN ® LOI NOL OL OLdN v D ELSIL LG el
art Ind
V amigf/\ HEVOHEVTIVE SHIINIONT INVHO AMNINTD
"INVH0 103
¥04 SI0UNOS AIAOHIAY OdLN WONA
XOg¥VYIO "AINO NOL GL OLdN 1SIOH HYMTY RS
O1¥103173 8 INVHO LOT ¥IAHIO ITONIS,
o
‘}e)
4 snivis “dsuj "ON
LY ] ; 38( 1WAOUddY ONIHNLVINNYIA 40 wu<._n_—wm<m<._.<n_ d3d SY ¥311ddNS 319VLdIDIV| /4D way| IS
V4 ilva AN
ON NOISIAIY _@_
ON D0d JdIN 1SITHOANAIA dNS FAILYIIANI 139OV




g1 40 || abed

S3IDHNOS A¥ddVY 'LNOD NIVIN Y0079 ¥3IWWNTd |44
SIOHNOS A¥ddY 'LNOD NIVIN ONILSVYO NO¥I 1SVYD 54
\4 IYNN3IHO OON3 OraHL
v IVNN3IHOD SO1IN H3ISINVYITINA L1389 [44
s82Inos paroidde 4N wouy /
(Jepiwisuel] ‘YoPMs MO|4 ‘YOIMS |[aAST ‘YoIMms ! V
alnssald ‘ebnec aimeladwa]| pue abne ——
m\_zmwmm_ ‘ o ‘ on : S3048N0S /
d ‘@AjeA plous|og‘ aAjea Buionpay
aInssaly '|auBd [03U0D) SIOION JOIEMOY QYddVv 4OL1LOVHLNOD NIVIN v
‘anjeA Ajpanng ‘sAjeA o8yD‘aqolo ‘sjen) l
‘a|zzoN _me_n_.\_mC_mbw.QEDn_v s|0g AOOn_ Add B ¥31YM Z_<|_n_v
W3 LSAS NOISS3IHddNS 1SNd 34
squnasl
Q¥ddv 8010 NIVW SAATYA LVOTd ‘IATYA ISV 13N HIY oy
SONITdNOD
SAD0HNOS NOISSIHAINOD ‘ONITdNOD
adddyv mg OO NIV HOLNTO * ONIY dITS ‘SONITdNOD OSIa
Z- MNIYHS ‘ONITdNOD ISYI13H MOIND 6€
S30HNOS
OLOVHLINOD NIV OV MOANIWLITdS 8¢
\4 VSSYATIS N Mi ¥v1sS3NTg
\ NOVOHNO N NOJHIV H31¥HVO
\ VSSYATIS/3 z<I._._V« SVYLI10A ovd JA
v NILYVIN VHSN
v \ ) 3d0OY FHIM LVHVHE
v S3d0¥ FHIM AVENO04 3d0Od IHIM 9€
dWVTO TIVE TYANYIN TIVY ‘dNIMvL
/’ S30HNOS MIHOS (SIHOITM HIINNOD ‘I THONG
aYddY HOLOVHINOD NIVW NYNL'dId9 90a TINg ' IT18NIHL
SININOJWOD dNIHVYL'ATTIONL
JNINVY L'SIAVIHS 'HIJIVHOS Ge
A3TIOY1L NOO1S3A
S3OHUNOS AIN0HAIY "LNOD NIVIN (SX10078 ¥388NY ‘I LV 1d ONIMOVE)
ONITVIS A¥VOS LHIMS 2 ¥INVI 1D L1138 4>
Od1N A8 A3AINO¥Hd LSITHOIHINVIYTLI™D SI08N0S
NO d3svd HOLOVHLINOD NIYW JHL A9
3NOQ 38 TIVHS LNIWSSISSY T¥OISAHd ) d3NO¥ddY MOLOVHLINOD NIV 3dNLONYLS IYOIOOTONHOIL
SW3 L1l d3Lvydldgv4 "OSIN €€
g ¥
.u e
4 snivis “dsuj ‘oN
SHYV 38( 1YAOHddY | ONIYNLOVINNYIN 40 30V1d|3SvaV.LVa 43d SV ¥311ddNS 318V.1dIDV /dD way IS
V4 ilva
DALN
ON NOISIAIY _@_
ON 200 JdIN 1SIT HOANGA 9NS FAILVIIANI 130WHDVd




gl joz| abey

05 1# SSY12 OLdN ONILYY FHNSSIMd
ONV WINOSZ OLdN 3ZIS 40 SS /SO v 1349V 30NVAQY
/19 40 A48 OI¥INIONOD ‘d31VIS 1408
SL#SSY1D
@N00SZ OLdN ' 0SL#SSYTO WINOOY L' SZNd )/
WINOOLL' 'S/ # SSY10/0L-Nd WW v dusivA FdiLINNa® o \
0081 OL dN -Q3LYOIHEYH SW/ID/IOS LSYD A T/NI..F‘
"9Nd ‘8N008Z'0YNd 8N 006 3 LVOINav
SW ‘05} SSY10 INWOOSL * 9LNd WIN v IMNdYHANOM 8%
00€ SS * 9LNd WW 00F L SO/1D/I9S LSO N\
G/ #SSV10  § -
8N00.Z OLdN ‘OL-Nd ENOOE OL dn - SS P
0SLSSVT1O/ONd v YO TVONVE -
WW 00VZ' 91-Nd 0SE OL dn ‘0L-Nd 00ZL (VIONI) ONIMIINION-TSegiyno-
0L dn -a31vOI¥av4 SW /19/19S 1SYD (
0S4 SSVT19 /9L Nd ATNO 19 ‘8N 009 0LdN v IYNNIHD m._oEzEy&_ IAGISMO T4
OLNd €N 009 '9LNd 8N 00 OLdN SS % 10 v VHVLYS SS30038 MOT4 INVHO
"ONd 'GN00SZ OLdN "00E#SSY10 i
WWO0SF ‘91-Nd 8NOOS OL dn ‘0k-Nd 8N006 v JOIVH SIATVA HIVINId
0LdN-10  ‘0L-Nd N 00S OL dN SS ¥04 N
OSTHSSV 1D
WW008 Q3 L¥OI1dav4’ 9L-Nd aNOOY o
oLdn -ss 9INd
PUE WNOOZ! 0} dn ANV 05} SSYT10 WINOSOL Y é Y »I08 HIFM
0L dN $22'0LNd PUe WW0O8| 0} dn aNY T
91LNd PUE WOOOL O} dn 8AeA Ajenng |d /1D T
9 Nd 'gN008Z OLdN '00E#SSY10 WWOOK C 37IS % 051 SSY10 OL dN FO4NOS
SS '9LNd WI00S SS/SD'9LNd INWOO0OL v aNnd| L1 VIVMYNOOJ SATYANILNI IAONAAY HOLOYHINOD
1D0/19S '0LNd WWOOYL 2d /1D /19S NIV IATVYA AT4 ¥3LLINg v
Nt s304N0S
Q¥ddY ¥OLOVYINOD NIVW SNETTIG o
. IVNNIHO SVIWNYS S3HSI
K4 3NNd TIVHSHYW XVaIdS
i v dVYHANVTINC 43av3T ANTYA 431738 ALIAVYS 14
‘1e)
dsul "ON

g.umaﬁm
) 38| 1vAO¥ddY

ONIYNLIVINNYIN 40 3DV1d|3ISVEVLVA Y3d SV Y311ddNS 318V.1dIDV /dD

wayy

7

lva

ON NOISIATY

ON J0d J)dIN

1SI7T HOAN3IA 9NS FAILVIIANI

-39V)DVd

(E525)




gl jog| abey

ON J0d J)dIN

1SI7T HOAN3IA 9NS FAILVIIANI

-39V)DVd

S3dId ¥Ov19 M¥3 8N 00€ OLdN v avavyanwIs S3dld nava
‘0LY @4 0} dn apelg) pue SSaudIy} WW g ‘azis
dN 0S€ 03 dn BgGe S| Jad se ( yoe|g ) sadid '} INVHL "L SddId ANI'T SAOATI
SW 8 6£Z1 S| 4ed se (|9 3 yoe|g ) sadid S\ /
oLy /‘
84 0} dn apel9 pue SsauddIy} Ww g ‘azis gN .
e e e e v avavyanwis ali1s3gnlt 0110dv ._n_M v
SW 8 BEZL Sl 1ad se (19 B yoelg ) sadid S\ 7 ’
69GE/6ETL .
Sl ¥3d SV 3dId MOv19 M¥3 gN 00€ OL dn / Aty o mm__w:m:o_ﬁ anl
3dId YOv18 ¥O4 9N 00S OLdN v HNdTIYONYP éaz_ﬂ
—_—
68GE/6ECL Sl ¥3d SV S3dId My3 gN 0SE OLdN v avavizvHo / AvadniIr
69GE/6£2) SI ¥3d SV S3dId M¥3 8N 00 OLdN v HYYOY¥NAVHVE 0¥ YANNS
68G€/6€2) Sl ¥3Ad SV gN 00€ OLdN v HYOVYN'E'O S3gn1 SNANI
R v avolvy wﬁ%ﬁ.w VH1HSYHVHYIN
S| ¥3d SV S3did M¥3 gN 00S OL 9N 002 (GN 009 OLdN ) 68SE
v YIIMENQY S VS SI1/6€Z1 SI ¥3d SV S3dId M3 SN 6v
\V I S304¥N0S Z-1¥Vd 6€21 S|
a¥dd¥ HO1OVH1NOD NIVIN ¥3d SV (19 / Y0v19) SONILLIA SW 8y
0SL#SSV10
‘WWO0SZ OLdNn SS ‘0SL# SSY1D v GvEvaINFY SYIINIONT VAMWH
‘'WW00ZL OL1dN d3L1voIddavd 8 SO /10 >
G/ # SSVY1D 9N00ZZ Oldn v MY IVd "dL1 NOILVLNIWNYLSNI
0SL# SSY1D 'gN00Y OLdN v H VENdIHONYM 181
ULl
009#SSY10 &N 007 OL dn VI e UNIHO| . A (eonnctraiio) Qamst | NAA A \raa
9LNd /0S} SSY10 ENOOF OL dn 'ﬁ vyvYAoavA| dLll L1Ad VIANI STOYMLNOD Avddg
"00€# SSYT1D OLdN ONILVYY 3¥NSSIHd
ANV ‘gN00L OLdN 3ZIS 40 A49 v VAION ¥31VINO JONVAQY
SS ‘0IYMLNID03T I1dI¥L ‘a3Lvas ._<EE/
Illll
Y
‘}e)
o snivis “dsuj ‘oN
LY ] 38( TvAOUddY ONIYNLOVINNYIN 40 uu<._n__um<m<._.<o Y3d SV ¥311ddNS 319v1d320V| /dD way| IS
ilva
DALN
ON NOISIAIY _@_




gl jo | abed

v IHOTVONVE SOITNVYHAAH L3 1
v anNd ¥3IMOd NOLv3
v IYOTVONVE O¥dIM
v AvEVH3IAAH NVFTIA a YIANITAD DITNVYHAAH G
HAWIYTOTH ¥INOVLS HO4 1d430X3 v IHOTVONVE SOITNVHAAH L3 1 /
v IYNNIHO SOITNVHAAH VHYIN —
v N3IA3IMS SANNTOOVH
v avavaanwHy HLO¥X3¥-Hosog| \ V
v anNd ¥3IMOd NO MOVd ¥3IMOd DITNVYHAAH £5
v avavoNviny ¥35S31 yIBNIVIE ®
v anNnd TIVHSHV
v annd m<s_§ow£
v ¥VYHANNTINP w y3aval e
v avavd3InWHv SANW ONITHVA ONIDNATY/413713Y IYNSSI™d 10 zs
(¥va annoy SIN)
IVINILYW ONIHLYY3 ‘(4oes QoL > siajy
S304JOS Gaddy YOLOVHINOD NIV J00u) SYILTI4 INIH @ I¥d ‘SYIdNVA
‘JYANOT ‘STIIYD ‘L¥OddNS
ONILONA 'ONILONA O TYINILYIN LS
v o<m<o_m<“_7 WVYLNVYO B H1¥vadIs
- -
v va M SY3INIONT LI43dId
v @} i S10Na0o¥d 3gnL
v %«ﬁ 39404 3INyL
v VTOM SONILLI4 SW
v Vm,@v:ox VYZVH TN
v > Ivawn Ag3
v vaoyve S3dId VHANI L¥¥Vrno SONILLI4 GIWNO4/AIOHO0S 0s
69SE/6€21L SI ¥3d SV S3dId M¥3 §N 00F OLdN v HVYINY NNSdT13IM
gN 007 OLdN 68SE S| ¥3d SV S3dId M¥3 > HOLNY INVIWYN LYY
BEZL S| ¥3d SV S3dId M¥3 §N 05} OLdN V v - ¥NdAIHSWVr ViVl
Y
‘Je)
o snivis “dsuj ‘oN
LY ] ; 38( TvAOUddY ONIHNLIVINNYIN 40 uu<._n__wm<m<._.<o Y3d SV 4311ddNS 319v.Ld3DIV| /dD way| IS
V4 ilva
DALN
ON NOISIAIY _@_
ON D00 JdIN 1S17 YOAN3A 9NS JAILYIIANI 139WOVd




8l jo G| abey

4N 009 0LdN v IVENNW X310¥
9N 05€ 01dN v avavyIaAH NOINN YIANITAD OILYWNINd 6S
v JOYIHS ST0O0L HIMOd INYVIINN )/
v HYYOUNAYHYE / IH130 MIN 15343A3
v 1VdINOS TYNOILYNYILNI AV
v VvdION Y3IMOT1d S
JOLVANIOD|  y JHOLVEWIOD oWE |
1973 LV ONILSIL ANV ATNISSY 'NYdYr
-IHOVLIH WO SANT ¥IV ‘W40 082 OLdN
S6-1WA TIQ0W O1dN M3Y¥IS 3344 110 v ANVINEIO - /mmvzmwmm?
INNd OdX LY ONILSIL ANV ONIMEWISSY / V
'SHOSSIHANOD MIHOS II¥4 IO \/ k) |7 CINIELE0)
QvavAIWHY -TOSYIONI L¥ ONILSIL /
2 ATBWISSY SIOUNOS TVEOTO S.4l NOXHH v avava3wHy aNI ANVY TOSHIONI
SININOJINOD YIHLO 2 ANYIWHIO - ANV HHO
WOXH SANT HIV  (NIWEWN 9€) 008 HSTIAOW OLdN
INNd - OV 1V ONILSTL ® ATdWNISSY v 0J2d02 SY1LV
SYOSSIHAINOD MIHDS v -
J3LvoI¥8N1/a3A00T4 10 ‘094 3 73O OLdn SHOSSIHUANOD HIV AdAL MIHOS 15
SIDUNOS AY¥ddY HOLOVHLNOD NIV
ONILLIZ 3did B 3did DITNYEAAH 95
\ N IMVSVMIMA
ALIOVdVYO 34117 00L OL dN \Y an IYNN3IHD SOIMNVYYAAH VHYW
v p- AV LI INOZTVO ¥43axdvd
\J N3IA3aIMSs SANNTO9OVH
FONVH4 SOIMNVYHAAH NIV120d HOL1OW 21TNVYHAAH [e1e]
v avava3awHv HLOYX3y-HOSO4g
-
.u ET)
¥ snivis “dsul "ON
SHYOWNAY| TYAO¥ddY | DNINLIVANNYIA 40 30V1d[3SVavLva ¥3d SV ¥3IddNs 318v1d300v| /dD way Is
3lva
SAIN
ON NOISIATY __H@_
ON D0d JdIN 1SI7T HOAN3A 9NS JAILYIIANI 139V)IVd




gl jo g} abey

v aNNd ONIYIINIONT TVILNINOJXI
i YNYMHSIN AIIG HIGMYOYIN
v I9NHAYYWNY/TOSNYSY I'YAVS ATTYNOW
v dvavalyv4 [elexEIN]
Y VLW IOM Sd10d )/
\4 avavaIHVS JHNANI ¥3d334 AYVYLOH €9
v J¥OLVYEWIOD Was| AN
v IH73a FHIVHYVYC '
v avavdariyvd Y34SNVYHL 1V3IH SNOvE
v VNN SYIINIONT AILvy I (34NSS34d
\4 VVAION X3713S3N FYPSVINTL JSHM 0L > Y04 30HNOS AINOHIIY
v AIHSVYN SH3IANION JLIN HOLOVHLINOD NIVW)HIAITOTY HIV [4°)
v 340LVEINIOD a ?Q_E
v JYOLVEINIOD V m LINWINNS
S
v VAION ¥31V3Y0 A w > NODJTIW
v IH13a \>¢ NODANI
v NOVOUuNS (R, ‘ HIv13d HIANA YIV IdAL LNVOISS3A 19
.
00ZT a4 [2pow 01dn v WaQl 02d02D SV1LY
JY/EW 00SZ 03dN v v IVAELd]
—+
Jy/sw 0szs 03dn v NODJTIW
Jy/€w 0pOOT 03dN v IN3AIYL
Jy/Ew €68TT 03dnN v JHOLVENIOD SDINOYOAH SLIWINNS H31¥A IdAL LNYHIOIHATY 09
9N 00€ 01dN v JYOLVEINIOD XONIgHO
9N 00€ 01dN p IVNNIHD S3IYISNANI SYVA
gN 0S€ 01d v > aNnd NVINNQ ¥YIAVYHIS
-
_u 1)
4 snivis “dsuj ‘oN
(Y} 38| TvAO¥ddv | ONIYNLIVINNVIN 4O 3DV1d|3ISVEV.LVA ¥3d SV ¥INddNS 318V.LdIDDV| /dD way IS
ilva
SdIN.
ON NOISIATY __”@_
ON D00 JdIN 1SITHOANAA dNS FAILYIIANI :39WIIVd




8| j0 /| abey

v MISYN ONIYIINIONT NOS LYY
QL1 1Ad ONISS3004d
v 13dINVY WAVHCO TV.LLIN HOT30HV, )/
aLli
\Z QVEVEANYAIS| -\ 65| 1wvy0dM00 aA0TT S¥3aaad /
v Iv1IHg STVYOIWIHD I¥YHLOM /
v IV1IHg all IAd S103rodd av43y (v
v UNdOYN 011 SASATINEE3dY
v UNdYO¥NA ali 1nd ooksv
v vHNdrvyy
v A¥Y113g JYN1ONYLS dILYOI¥EYd dOHS 9
v IVNNIHO
v vIng LS HOFLIH WYAIHS
[ 4 ‘all
7 1
v Iv1ikg d IUNLONYISYHAINI YHNIN
- 3 "dL1S3™NLONYLS ILIDVdVYD
- Fﬁé SEaV4 VHINVIY
SYHYOM ‘OONI TYNOIDTY
v > HOIYL
‘al1 LAd ©9N3 AgvE
v AHOIM L
~A\
. T "aL17 ¥3IMOd 8 133LS VaNIr
v aINnd "QL7 LAd SONILVYO YNVIANI
LOMrvd 09V 319V3
- W3LSAS
. AL pRleY. DENERTE SQ ¥O4 SHITHININAS/31ZZON
FHOTVONVY WILSAS ONIAVHS AVHdS ¥ILVM NIV1d ¥9
‘Je)
SNLVLS “dsu] ‘oN

TVYAOYHddV

ONIINLIVINNYIN 40 3DV1d|3SYEaVLIVaA YId SV Y311ddNS 318V.LdIIIV

/d0

way|

lva

ON NOISIAIY

ON J0d J)dIN

1SI7T HOAN3IA gNS FAILVIIANI

:39VXOVd

B2




8| jo g| abey

N Ul Pl '8g 0] ‘Dd.N woy [eroidde jopuaa oiyoads Jnoyiim Od LN Ag paydasoe pue taiddng uiepy Ag pancidde ale siopuaa sway asayljo4 — g3L0ON
181 8YY UL YA, J2N8| Yl PAIUSPI 8Q 01 ‘MmaIAa) Od LN Joj padnbal pajiejaq, sway asay} Jo4 — ¥QJ
Jie J ‘jenosdde jo uoiipuo2 ay) yimBuole 35I| auj Ui i, Japa| yum pajeaipul 8q 0] Od1N 0} 8|geidacoe si jopuaa pasodolid sway asay) jod —

(DdLN A8 Q3TI4 38 TIVHS) AMODILYD SNLYLS IWAOHddY H311ddNS-8NS/H3I1ddNS WILSAS 'L

SAN3oTIT
v HNdOVN ONIYIINIONT NOS 1YV
e
SNLVLS "dsu] "ON
TYAO¥AdY | ONIMNLIVINNYIN 40 30V1d|3SvavLva ¥3d SV ¥3I1ddNS 318V.1d320V| /dD wayy IS
Jlva
2dLiN

ON NOISIAZY _ Eipig e _

ON 700 JdIN 1SI17T HOAN3IA 9NS FAILVYDIANI :39VNOVd




Annexure-13
ELECTRIC ACTUATORS

GENERAL:

Actuators shall be designed for valve operation to ensure proper function in accordance with
specifications given below and complying to EN15714-2 or equivalent. All standards, specifications
and codes of practice referred to herein shall be the latest editions including all applicable official
amendments and revisions.

This sub-section of specification is applicable for following types of electric actuators:
Modulating duty electric actuators:

These shall be provided as per standard practice of OEM of equipment, meeting other requirements of
specifications. For specifications of Blade pitch actuators of this chapter.

Electric actuators for valves/ dampers/ gates (other than covered above):

These actuators shall be Non-Intrusive type electric actuators. The interface of these actuators with
DDCMIS shall be of two types viz. with Hardwired interface and with Fieldbus interface. The common
requirements of both these type of actuators are specified below, specific requirements of Non-Intrusive
hardwired actuators are specified at below and specific requirements of Non-Intrusive fieldbus actuators
are specified below.

1. MMON REOQUIREMENTS FOR INTRUSIVE ELECTRIC ACTUATOR

TYPE:

The actuators shall have integral starters with built in SPP (Single Phasing Preventer). 415 V, 3 phase
3 wire power supply shall be given to the actuator from switch board as applicable through a switch
fuse unit. Control voltage of the motor starter shall be 110 V AC/24 V DC, derived suitably from 415V
power supply.

The actuators shall be Non- Intrusive electric actuator. All actuator settings including torque, limit shall
be possible without opening the actuator cover and LCD indication shall be available integral to actuator
body.

RATING:

(a) Supply Voltage & frequency: 415V +/- 10%, 3 Phase, 3 Wire & S50HZ +/-5%.

(b) Sizing: Open/Close at rated speed against designed differential pressure at 90% of rated voltage.
For ON/OFF type: Three successive open-close operations or 15 minutes, whichever

is higher.

For inching type: 150 starts per hour or required cycles, whichever is higher.

CONSTRUCTION:
(a) Enclosure: Totally enclosed weatherproof, minimum IP-68 degree of protection.
(b) Manual Wheel: Shall disengage automatically during motor operation.

MOTOR:
(a) Type : Squirrel cage induction motor suitable for Direct On Line ( DOL )starting.



(b) Enclosure: Totally enclosed, self-ventilated.

(c) Insulation Class F. Temperature rise 70 Deg C. over 50 Deg C ambient.

(d) Bearings: Double shielded, grease lubricated antifriction.

(e) Earth Terminals: Two

(f) Protection: Single Phasing Protection, Over heating protection through Thermostat (as applicable)
and wrong phase sequence protection shall be provided over and above other protection features
standard to bidder's design. Suitable means shall be provided to diagnose the type of fault locally.

POSITION/TORQUE TRANSMITTER:
The Position/ Limit measurement shall be done using absolute encoders which will give information of
position/ limit in both the directions. Electronic measurement of torque shall be provided.

LOCAL OPERATION:
It shall be possible to operate the actuator locally also. Lockable local/remote selection shall be provided
on the actuator.

LCD DISPLAY:

A local LCD display shall be provided to give information regarding actuator alarms, status and valve
position indications as a minimum in local.

WIRING:
Suitable voltage grade copper wire.

TERMINAL BLOCK:
For power cables, the grade of TBs shall be minimum 650V.

ACCESSORIES:
All required accessories (if applicable) for calibration / settings/ configuration of various parameters of
actuator shall be provided.

2. SPECIFIC _ REQUREMENTS FOR NON _INTRUSIVE HARDWIRED
ACTUATORS

INTERFACES:
For ON-OFF and INCHING type actuators interface with the control system shall be through hardwired
signal only.

(a) Open/Close command, open/ close status and disturbance monitoring signal (common contact
for Overload, Thermostat, control supply failure, L/R selector switch at local & other
protections operated) shall be provided hardwired.

(b) The actuator shall be able to accept open/close command at 24V DC with max. 2.5VA load
from control system. Accordingly suitable isolated interface in the actuator shall be provided.

(c) Open/close command termination logic shall be suitably built inside actuator.

TERMINAL BOX:
Suitable terminals/ connectors, integral to actuator, for terminating instrumentation & power cables
shall be provided. Necessary glands for power cables and instrumentation cables shall be provided.



3. SPECIFIC REQUIREMENTS FOR NON INTRUSIVE FIELDBUS ACTUATOR

INTERFACES:
For ON-OFF and INCHING type actuators interface with the control system shall be through fieldbus
network.

(a) Open/ close commands, open/ close feedback status, disturbance signal etc. shall be available
to the Control System through the fieldbus network along with diagnostics. The detailed
diagnostics including the actuator operating data shall be available to the DDCMIS through the
fieldbus network.

(b) All actuators shall be Foundation Fieldbus/ Profibus compatible. However the exact protocol
shall be based on finalized protocol of DDCMIS. If Profibus DP protocol is envisaged then
actuator shall have two (redundant) Profibus DP ports for connecting the redundant Profibus
DP cables. That is if one profibus cable is cut or not working/ not available, then complete
actuator functionality shall be available through the second redundant cable without any manual
intervention.

(c) Open/close command termination logic shall be suitably built inside actuator.

4. TERMINAL BOX:

Suitable terminals/ connectors, integral to actuator, for terminating fieldbus cables and power cables
shall be provided. Necessary glands for power cables and armored fieldbus cables shall be provided.
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