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CODE AND STANDARD FOR CIVIL WORKS
Some of the applicable Standards, Codes and references are as follows:

Excavation & Filling

IS: 2720 (Part-ll, IV TO VIII, XIV, XXI, XXIIl, XXIV, XXVII TO XXIX, XL) Methods of
test for soils-determination for water content etc.

1S: 4701 Code of practice for earth work on canals.
1S: 9758 Guide lines for Dewatering during construction.
1S: 10379 Code of practice for field control of moisture and compaction of

soils for embankment and sub-grade.

Properties, Storage and Handling of Common Building Materials
1S: 269 Specification for ordinary Portland cement, 33 grade.

1S: 383 Specification for coarse and fine aggregates from natural sources
for concrete.

1S:432 Specification for mild steel and (Parts 1&2) medium tensile steel
bars and hard-drawn steel wires for concrete reinforcement.

I1S: 455 Specification for Portland slag cement.

1S: 702 Specification for Industrial bitumen.

1S: 712 Specification for building limes.

I1S: 808 Rolled steel Beam channel and angle sections.

1S: 1077 Specification for common burnt clay building bricks.

1S: 1161 Specification of steel tubes for structural purposes.

1S: 1363 Hexagon head Bolts, Screws and nuts of production grade C.

1S: 1364 Hexagon head Bolts, Screws and Nuts of Production grade A & B.

1S: 1367 Technical supply conditions for Threaded fasteners.

I1S: 1489 Specification for Portland-pozzolana cement:

(Part-1) Fly ash based.
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(Part-I1) Calcined clay based.
1S: 1542 Specification for sand for plaster.
I1S: 1566 Specification for hard-drawn steel wire fabric for concrete
reinforcement.
1S: 1786 Specification for high strength deformed bars for concrete
reinforcement.
1S: 2062 Specification for steel for general structural purposes.
1S: 2116 Specification for sand for masonry mortars.
1S: 2386 Testing of aggregates for concrete.
(Parts-I to VIII)
1S: 3150 Hexagonal wire netting for general purpose.
IS: 3495 Methods of tests of burnt clay building bricks.
(Parts-l to IV)
1S: 3812 Specification for fly ash, for use as pozzolana and admixiure.
1S: 4031 Methods of physical tests for hydraulic cement.
1S: 4032 Methods of chemical analysis of hydraulic cement.
I1S: 4082 Recommendations on stacking and storage of construction
materials at site.
1S: 8112 Specification for 43 grade ordinary portland cement.
1S: 8500 Medium and high strength structural steel.
1S: 12269 53 grade ordinary portland cement.
1S: 12894 Specification for Fly ash lime bricks.
Cast-In-Situ Concrete and Allied Works
1S: 280 Specification for mild steel wire for general engineering purposes.
I1S: 456 Code of practice for plain and reinforced concrete.
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IS:

IS:
IS:
IS:
IS:
IS:

(Part-1)

IS:

IS:

IS:

457

516

650

1199

1791

1838

2204

2210

. 2438

: 2502

: 2505

: 2506

: 2514

: 2645

22022

: 2750

. 2751

: 3025

3366

3370

Code of practice for general construction of plain & reinforced
concrete for dams & other massive structures.

Method of test for strength of concrete.

Specification for standard sand for testing of cement.

Methods of sampling and analysis of concrete.

General requirements for batch type concrete mixers.
Specification for preformed fillers for expansion joints in

concrete pavements and structures (non-extruding and resilient
type).

Code of practice for construction of reinforced concrete shell roof.

Criteria for the design of reinforced concrete shell structures and
folded plates.

Specification for roller pan mixer.

Code of practice for bending and fixing of bars for concrete
reinforcement.

General requirements for concrete vibrators, immersion type.
General requirements for concrete vibrators, screed board type.
Specification for concrete vibrating tables.

Specification for Integral cement water proofing compounds.

Specification for portable swing weigh batches for concrete.
(single and double bucket type)

Specification for Steel scaffolding.

Code of practice for welding of mild steel plain and deformed bars
for reinforced concrete construction.

Methods of sampling and test waste water.
Specification for Pan vibrators.

Code of practice for concrete structures for the storage of
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(Part 1to IV) liquids.
1S: 3414 Code of practice for design and installation of joints in buildings.
I1S: 3550 Methods of test for routine control for water used in industry.
I1S: 3558 Code of practice for use of immersion vibrators for consolidating
concrete.
1S: 4014 Code of practice for steel tubular scaffolding.
(Parts | & 1I)
1S: 4326 Code of practice for earthquake resistant design and construction
of buildings.
1S: 4461 Code of practice for joints in surface hydro-electric power stations.
I1S: 4656 Specification for form vibrators for concrete.
I1S: 4925 Specification for batching and mixing plant.
1S: 4990 Specification for plywood for concrete shuttering work.
IS: 4995 Criteria for design of reinforced concrete bins for the storage
(Parts 1 & 11) of granular and powdery materials.
I1S: 5256 Code or practice for sealing joints in concrete lining on canals.
I1S: 5525 Recommendations for detailing of reinforcement in reinforced
concrete work.
1S: 5624 Specification for foundation bolts.
I1S: 6461 Glossary of terms relating to cement concrete.
1S: 6494 Code of practice for water proofing of underground water
reservoirs and swimming pools.

I1S: 6509 Code of practice for installation of joints in concrete pavements.
I1S: 7861 Code of practice for extreme weather concreting. (Parts | & II)
1S: 9012 Recommended practice for shot concreting.
1S: 9103 Specification for admixtures for concrete.
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1S: 9417 Recommendations for welding cold worked steel bars for
reinforced concrete construction.

1S: 10262 Recommended guidelines for concrete mix design.

1S: 11384 Code of practice for composite construction in structural steel and
concrete.

1S: 11504 Criteria for structural design of reinforced concrete natural draught

cooling towers.
1S: 12118 Specification for two-parts poly sulphide.

1S: 12200 Code of practice for provision of water stops at transverse
contraction joints in masonry and concrete dams.

1S: 13311 Method of non-destructive testing of concrete.
Part-1 Ultrasonic pulse velocity.

Part-2 Rebound hammer.

SP:23 Handbook of concrete mixes

SP: 24 Explanatory Handbook on 1S: 456-1978

SP: 34 Handbook on concrete reinforcement and detailing.

Precast Concrete Works

SP: 7(PartVI/ National Building Code- Structural design of
prefabrication and Sec.7) systems building.

1S: 10297 Code of practice for design and construction of floors and roofs
using precast reinforced/prestressed concrete ribbed or cored
slab units.

I1S: 10505 Code of practice for construction of floors and roofs using pre-cast

reinforced concrete units.

Masonary and Allied Works

I1S: 1905 Code of Practice for Structural Safety of Buildings-Masonry walls.
I1S: 2212 Code of Practice for Brickwork.
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1S: 2250 Code of Practice for Preparation and use of Masonry Mortar.
SP: 20 Explanatory hand book on masonry code.
Sheeting Works
1S:277 Galvanised steel sheets (plain or corrugated).
I1S: 459 Unreinforced corrugated and semi-corrugated asbestos cement
sheets.
1S: 513 Cold-rolled carbon steel sheets.
1S: 730 Specification for fixing accessories for corrugated sheet
roofing.
1S: 1626 Specification for Asbestos cement building pipes and pipe
fittings, gutters and gutter fittings and roofing fittings.
1S: 2527 Code of practice for fixing rain water gutters and down pipe for
roof drainage.
1S: 3007 Code of practice for laying of asbestos cement sheets.
1S: 5913 Methods of test for asbestos cement products.
1S: 7178 Technical supply conditions for tapping screw.
1S: 8183 Bonded mineral wool.
I1S: 8869 Washers for corrugated sheet roofing.
1S: 12093 Code of practice for laying and fixing of sloped roof covering using
plain and corrugated galvanised steel sheets.
I1S: 12866 Plastic translucent sheets made from thermosetting polyster resin
(glass fibre reinforced).
1S: 14246 Specification for continuously pre-painted galvanised steel sheets
and coils.
Fabrication and Erection of Structural Steel Work
1S: 2016 Specification for plain washers.
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1S: 814 Specification for covered Electrodes for Metal Arc Welding for
weld steel.

1S: 1852 Specification for Rolling and Cutting Tolerances for Hot rolled
steel products.

1S: 3502 Specifications for chequered plate.

1S: 6911 Specification for stainless steel plate, sheet and strip.

1S: 3757 Specification for high strength structural bolts

1S: 6623 Specification for high strength structural nuts.

I1S: 6649 High Tensile friction grip washers.

1S: 800 Code of practice for use of structural steel in general building
construction.

I1S: 816 Code of practice for use of Metal Arc Welding for General
Construction.

1S: 4000 Code of practice for assembly of structural joints using high
tensile friction grip fasteners.

I1S: 9595 Code of procedure of Manual Metal Arc Welding of Mild Steel.

1S: 817 Code of practice for Training and Testing of Metal Arc Welders.

1S: 1811 Qualifying tests for Metal Arc Welders (engaged in welding
structures other than pipes).

1S: 9178 Criteria for Design of steel bins for storage of Bulk Materials.

I1S: 9006 Recommended Practice for Welding of Clad Steel.

1S: 7215 Tolerances for fabrication steel structures.

IS: 12843 Tolerance for erection of structural steel.

1S: 4353 Recommendations for submerged arc welding of mild steel and
low alloy steels.

SP:6 ISI Hand book for structural Engineers.

(Part1to 7)
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IS

IS

IS :

1S :

: 1608

21599

: 228

1 2595

11182

: 3664

13613

: 3658

5334

1635

: 1661

12333

: 2402
: 2547
13150

158

1412

Method of Tensile Testing of Steel products other than sheets,
strip, wire and tube.

Method of Bend Tests for Steel products other than sheet, strip,
wire and tube

Methods of chemical Analysis of pig iron, cast iron and plain
carbon and low alloy steel.

Code of Practice for Radio graphic testing.

Recommended practice for Radiographic Examination of fusion
welded butit joints in steel plates.

Code of practice for Ultra sonic Testing by pulse echo method.

Acceptance tests for wire flux combination for submerged Arc
Welding.

Code of practice for Liquid penetrant Flaw Detection.

Code of practice for Magnetic Particle Flaw Detection of Welds.

Plastering and Allied Works

Code of practice for field slaking of Building lime and preparation
of putty.

Application of cement and cement lime plaster finishes.

Plaster-of-paris.

Code of practice for external rendered finishes.
Gypsum building plaster.

Hexagonal wire netting for general purpose.

Acid and Alkali Resistant Lining

Ready mixed paint, brushing, bituminous, black, lead free, acid,
alkali & heat resisting.

Specification for expanded metal steel sheets for general
purpose.
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IS : 4441 Code of practice for use of silicate type chemical resistant
mortars.
IS : 4443 Code of practice for use of resin type chemical resistant
mortars.
IS : 4456 Method of test for chemical resistant tiles.
(Part | & 11)
IS : 4457 Specification for ceramic unglazed vitreous acid resistant tiles.
IS : 4832 Specification for chemical resistant mortars.
Part | Silicate type
Part Il Resin type
Part I Sulphur type
IS : 4860 Specification for acid resistant bricks.
IS : 9510 Specification for bitumasitc, Acid resisting grade.

IS

IS

IS :

IS :

- 458

554

: 651

(774

79

1778

. 781

782

783

Water Supply, Drainage and Sanitation

Specification for concrete pipes.

Dimensions for pipe threads, where pressure tight joints are made
on thread.

Specification for salt glazed stoneware pipes.
Flushing cisterns for water closets and urinals.
Cast iron brackets and supports for wash basins and sinks.

Copper alloy gate, globe and check valves for water works
purposes.

Cast copper alloy screw down bib taps and stop valves for water
services.

Caulking lead.

Code of practice for laying of concrete pipes.
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1S : 1172 Basic requirements for water supply, drainage and sanitation.

1S : 1230 Cast iron rain water pipes and fittings.

IS :1239 Mild steel tubes, tubulars and other wrought steel fittings.

IS : 1536 Centrifugally cast (Spun) iron pressure pipes for water, gas and
sewage.

IS 11537 Vertically cast iron pressure pipes for water, gas and sewage.

IS : 1538 Cast iron fittings for pressure pipe for water, gas and sewage.

IS :1703 Ball valves (horizontal plunger type) including float for water
supply purposes.

IS:1726 Cast iron manhole covers and frames.

1S:1729 Sand cast iron spigot and socket, soil, water and ventilating pipes,
fittings and accessories.

IS : 1742 Code of practice for building drainage.

IS : 1795 Pillar taps for water supply purposes.

IS : 1879 Malleable cast iron pipe fittings.

IS : 2064 Code of practice for selection, installation and maintenance of
sanitary appliances.

IS : 2065 Code of practice for water supply in building.

IS : 2326 Automatic flushing cisterns for urinals.

IS : 2470 Code of practice for installation of septic tanks.

(Part-1 & I1)

1S : 2501 Copper tubes for general engineering purposes.

IS : 2548 Plastic seat and cover for water-closets.

IS : 2556 Vitreous sanitary appliances (vitreous china).

(Part 1to 15)

IS : 2963 Non-ferrous waste fittings for wash basins and sinks.

LOT-IA PROJECTS
FLUE GAS DESULPHURISATION (FGD)
SYSTEM PACKAGE

TECHNICAL SPECIFICATION GENERAL TECHNICAL PAGE
SECTION - VI, PART-C REQUIREMENTS 61 OF 83
BID DOC. NO. CS-0011-109(1A)-2

Page 140 of 369




CLAUSE NO.

GENERAL TECHNICAL REQUIREMENTS paddis

NTPGC

IS

IS

IS :

:3114

13311

1 3438

: 3486

: 3589

1 3989

4111

(Part | to IV)

14127

4764

- 4827

: 5329

: 5382

1 5822

: 5961

17740

: 8931

: 8934

. 9762

1 10446

Code of practice for laying of cast iron pipes.

Waste plug and its accessories for sinks and wash basins.
Silvered glass mirrors for general purposes.

Cast iron spigot and socket drain pipes.

Electrically welded steel pipes for water, gas and sewage
(200mm to 2000mm nominal diameter).

Centrifugally cast (Spun) iron spigot and socket soil, waste and
ventilating pipes, fittings and accessories.

Code of practice for ancillary structure in sewerage system.

Code of practice for laying of glazed stone-ware pipes.

Tolerance limits for sewage effluents discharged into inland-
surface waters.

Electro plated coating of nickel and chromium on copper and
copper alloys.

Code of practice for sanitary pipe work above ground for
buildings.

Rubber sealing rings for gas mains, water mains and sewers.

Code of practice for laying of welded steel pipes for water
supply.

Cast iron grating for drainage purpose.
Code of practice for road gullies.

Cast copper alloy fancy bib taps and stop valves for water
services.

Cast copper alloy fancy pillar taps for water services.
Polyethylene floats for ball valves.

Glossary of terms for water supply and sanitation.
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IS : 10592 Industrial emergency showers, eye and face fountains and
combination units.
1S : 12592 Specification for precast concrete manhole covers and frames.
1S : 12701 Rotational moulded polyethylene water storage tanks.
SP: 35 Hand book on water supply and drainage.
- Manual on Sewerage and sewage treatment (Published by CPH &
EEQ) As updated.
Doors, Windows and Allied Works
1S : 204 Tower Bolts
Part-1 Ferrous metals.
Part-lI Nonferrous metals.
1S : 208 Door Handles.
1S - 281 Mild steel sliding door bolts for use with padlocks.
1S : 362 Parliament Hinges.
1S : 420 Specification for putty, for use on metal frames.
IS : 1003 Specification for timber panelled and glazed shutters-
Part-l door (Part-l)  shutters.
IS : 1038 Steel doors, windows and ventilators.
IS : 1081 Code of practice for fixing and glazing of metal (steel and
aluminium) doors, windows and ventilators.
IS : 1341 Steel butt hinges.
IS : 1361 Steel windows for industrial buildings.
IS : 1823 Floor door stoppers.
IS : 1868 Anodic coatings on Aluminium and its alloys.
IS - 2202 Specification for wooden flush door shutters (solid core type),
(Part-Il) particle board face panels and hard board face panels
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15:2209 Mortice locks (vertical type).
15:2553 Safety glass
1S:2835 Flat transparent sheet glass.
15:3548 Code of practice for glazing in buildings.
15:3564 Door closers (Hydraulically regulated).
IS : 3614 Fire check doors; plate, metal covered and rolling type.
1S:4351 Steel door frames.
1S:5187 Flush bolts.
15:5437 Wired and figured glass
15:6248 Metal rolling shutters and rolling grills.
1S:6315 Floor springs (hydraulically regulated) for heavy doors.
1S:7196 Hold fasts.
1S:7452 Hot rolled steel sections for doors, windows and ventilators.
1S:10019 Mild steel stays and fasteners.
1S:10451 Steel sliding shutters (top hung type).
1S:10521 Collapsible gates.
R oof Water Proofing and AlliedWorks
1S:1203 Methods of testing tar and bitumen.
1S:1322 Specification for bitumen felts for water proofing and damp
proofing.
1S:1346 Code of practice for water proofing of roofs with bitumen felts.
1S:1580 Specification for bituminous compound for water proofing and
caulking purposes.
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15:3067 Code of practice for general design details and preparatory work

for damp proofing and water proofing of buildings.

15:3384 Specification for bitumen primer for use in water proofing and
damp proofing.

Floor Finishes and Allied Works

1S:1237 Specification for cement concrete flooring tiles.

1S:1443 Code of practice for laying and finishing of cement concrete
flooring tiles.

1S:2114 Code of practice for laying in-situ terrazzo floor finish.

1S:2571 Code of practice for laying in-situ cement concrete flooring.

1S:3462 Specification for unbacked flexible PVC flooring.

1S:4971 Recommendations for selection of industrial floor finishes.

1S:5318 Code of practice for laying of flexible PVC sheet and tile
flooring.

15:8042 Specification for white portland cement.

15:13801 Specification for chequered cement concrete flooring tiles.

Painting and Allied Works

1S:162 Specification for fire resisting silicate type, brushing, for use on
wood, colour as required.

1S:1477 Code of practice for painting of ferrous metals in buildings.
Part-1 Pretreatment.
Part-ll Painting.
1S:1650 Specification for colours for building and decorative finishes.
1S:2074 Specification for red oxide-zinc chrome, priming, ready mixed
paint air drying.
1S5:2338 Code of practice for finishing of wood and wood based
materials.
Part- Operations and workmanship
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Part-li Schedules
15:2395 Code of practice for painting concrete, masonry and plaster
surfaces.
Part-I Operations and workmanship.
Part-li Schedule.
1S:2524 Code of practice for painting of nonferrous metals in buildings.
Part-1 Pretreatment.
Part-ll Painting.
15:2932 Specification of synthetic enamel paint, exterior, under-coating
and finishing.
1S:2933 Specification enamel paint, under coating and finishing.
1S:4759 Code of practice for hot dip zinc coating on structural steel and
other allied products.
1S:5410 Specification for cement paint
1S:5411 Specification for plastic emulsion paint-for exterior use
(Part-1)
1S:6278 Code of practices for white washing and colour washing.
15:10403 Glossary of terms relating to building finishes.
Piling and Foundation
1S:1080 Code of practice for design and construction of simple spread
foundations.
1S:1904 Code of practice for design and construction of foundations in
Soils; General Requirements.
1S:2911 Code of practice for designs and construction of Pile
foundations (Relevant Parts).
1S:2950 Code of practice for designs and construction of Raft
(Part-l)  foundation.
15:2974 Code of practice for design and construction of machine
(Part-1 TO V) foundations.
1S:6403 Code of practice for determination of Allowable Bearing
pressure on Shallow foundation.
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15:8009 Code of practice for calculation of settlement of foundation
subjected to symmetrical vertical loads.

Part-1 Shallow foundations.

Part-ll Deep foundations.

1S5:12070 Code of practice for design and construction of shallow
foundations on rocks.

DIN:4024 Flexible supporting structures for machines with rotating
machines.

VDI:2056 Criteria for assessing mechanical vibrations of machines.

VDI:2060 Criteria for assessing rotating imbalances in machines.

Stop Log and Trash Rack

1S:4622 Recommendations for fixed - wheel gates structural design.

1S:5620 Recommendations for structural design criteria for low head slide
gates.

1S5:11388 Recommendations for design of trash rack for intakes.

1S:11855 General requirements for rubber seals for hydraulic gates.

Roads

IRC:5 Standard specifications and Code of practice for road bridges,
section-l general Features of Design.

IRC:14 Recommended practice of 2cm thick bitumen and tar carpets.

IRC:16 Specification for priming of base course with bituminous
primers.

IRC:19 Standard specifications and code of practice for water bound
macadam.

IRC:21 Standard specifications and Code of practice for road bridges,
section-lll - Cement concrete (plain and reinforced).

IRC:34 Recommendations for road construction in waterlogged areas.

IRC:36 Recommended practice for the construction of earth
embankments for road works.

IRC:37 Guidelines for the Design of flexible pavements.

IRC:56 Recommended practice for treatment of embankment slopes for
erosion control.

IRC:73 Geometric design standards for rural (non-urban) highways.

IRC:86 Geometric Design standards for urban roads in plains.
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IRC:SP:13
IRC - Public-
ation

IS:73
Loadings
IS:875
(Pt.1to V)
1S:1893
1S:4091

IRC:6

M.O.T.
Safety
1S:3696
(Part 1 & II)
1S:3764
1S:4081
1S:4130
1S:5121
1S:5916

1S:7205
1S:7293
1S:7969

1S:11769

Guidelines for the design of small bridges & culverts.
Ministry of Surface Transport (Roads Wing), Specifications
for road and bridge works.

Specification for paving bitumen

Code of practice for design loads other than earthquake) for
buildings and structures.
Criteria for earthquake resistant design of structures.

Code of Practice for design and construction of foundation for
transmission line towers & poles.

Standard specifications & code of practice for road bridges,
Section-Il Loads and stresses.

Deptt. of railways Bridge Rules.

Safety code for scaffolds and ladders.

Safety code for excavation work.

Safety code for blasting and related drilling operations.
Safety code for demolition of buildings.

Safety code for piling and other deep foundations.

Safety code for construction involving use of hot bituminous
materials.

Safety code for erection on structural steelwork.
Safety code for working with construction machinery.

Safety code for handling and storage of building materials

Guidelines for safe use of products containing asbestos.

- Indian Explosives Act. 1940 as updated.

Architectural design of buildings

SP7
SP:41

National Building Code of India

Hand book on functional requirements of buildings (other than
industrial buildings)
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Miscellaneous
15:802 Code of practice for use of structural steel in
(Relevant parts) overhead transmission line towers.

1S:803 Code of practice for design, fabrication and erection of vertical
mild steel cylindrically welded in storage tanks.

15:10430 Creteria for design of lined canals and liner for selection of type of
lining.

1S:11592 Code of practice for selection and design of belt conveyors.

1S:12867 PVC handrails covers.

CIRIA Design and construction of buried thin-wall pipes.

Publication

REFERENCE CODES AND STANDARDS FOR CONTROL AND
INSTRUMENTATION

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

Temperature Measurements

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

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

3. Temperature measuremnet by electrical Resistance thermometers - 1S:2806.

4. Thermometer - element - Platinum resistance - 1S:2848.

Pressure Measurements

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

b) Electonic transmitters BS:6447.
2. Bourdon tube pressure and vacuum gauges - 1S:3624 - 1966.

3. Process operated switch devices (Pr. Switch) BS-6134.
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Flow Measurements
Instruments and apparatus for flow measurements - ASME PTC 19.5 (1972) Interim
supplement, Part-Il.
Measurement of fluid flow in closed conduits - BS-1042.
Electronic Measuring Instrument & Control Hardware/ Software
1. Automatic null balancing electrical measuring instruments - ANSI C 394
(Rev. 1973): 1S:9319.
2. Safety requirements for electrical and electronic measuring and controling
instrument - ANSI C 39.5 - 1974.
3. Compatability of analog signals for electronic industrial process instruments -
ISA - S 50.1 (1982) ANSIMC 12.1 - 1975.
4. Dynamic response testing of process control instrumentation ISA - S 26
(1968).
5. Surge Withstand Capability (SWC) tests - ANSI C 37.90 a/lEEE-472 or
suitable class of IEC-255-4 equivalent to ANSI C37.90a/IEEE-472.
6. Printed circuit boards - IPC TM - 650, IEC 326 C.
7. General requirement and tests for printed wiring boards - IS 7405 (Part-l)
1973.
8. Edge socket connectors - IEC 130-11.
9. Requirements and methods of testing of wire wrap terminations DIN 41611
Part-2.
10. Dimensions of attachment plugs & receptacles - ANSI C 73 - 1973
(Supplement ANSI C 73 a - 1980).
i f i Direct acting electrical indicating instrument - 1S:1248 - 1968 (R).
12. Standard Digital Interface for Programmable Instrumentation - IEEE-488.2 -
1990.
13. Information Processing Systems - Local Area Networks - Part 2 : Logical Link
Control - IEEE-802.2 - 1989.
14. Standard for Local Area Networks : Carrier Sense Multiple Access with
Collision Detection - IEEE-802.3 - 1985.
15. Supplements A, B, C and E to Carrier Sense Multiple Access with Collision
Detection - IEEE-802.3 - 1988.
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1

: 2

16.

1iL.

18.
19,
20.

21

22.

Standard for Local Area Networks : Token - Passing Bus Access Method -
IEEE-802.4 - 1985.

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

IEEE Guide to Software Requirements Specifications - IEEE-830 - 1984.
Hardware Testing of Digital Process Computers - ISA RP55.1 - 1983.

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

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

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

Instrument Switches and Contact

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

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

Enclosures

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

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

3. Protection class for Enclosures, cabinets, control panels & desks - 1S:2147 -

1962.

Apparatus, enclosures and installation practices in hazardous area

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

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

3. Instrinsically safe apparatus - NFPA 493 1978.

4 Purged and pressurised enclosure for electrical equipment in hazardous

location - NFPA 496-1982.

3. Enclosures for Industrial Controls and Systems - NEMA IS 1.1 - 1977.
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1

3.
4.

1

3.
4.

.

Sampling System

Stainless steel material of tubing and valves for sampling system - ASTMA
296-82, Grade 7 P 316.

Submerged helical coil heat exchangers for sample coolers ASTM D11 92-
1977.

Water and steam in power cycle - ASME PTC 19.11.
Standard methods of sampling system - ASTM D 1066-99.

Annunciators

Specifications and guides for the use of general purpose annunciators - ISA
S 19.1, 1979.

Surge withstand capability tests - ANSI C 37.90a - 1989/IEEE-472 or suitable
class of IEC 2554 equivalent to ANSI C37.90a 1989/IEEE-472

Damp heat cycling test - 1S:2106
Specification for Electromagnetic Susceptibility - SAMA DMC 33, 1/78

Protections

Relays and relay system associated with electric power apparatus. ANSI C
37.90, 1 - 1989.

2. General requirements & tests for switching devices for control and auxiliary
circuits including contactor relays - 1S:6875 (Part-1) - 1973.
3. Turbine water damage prevention - ASME TDP-1-1980.
4. Boiler safety interlocks - NFPA 85 - 2011 or latest version.
UPS System
1. Practices and requirements for semi-conductor power rectifiers - ANSI C
34.2, 1973.
2: Relays and relays system associated with electrical power apparatus - ANSI
C 3.90 - 1983.
3. Surge withstand capability test - ANSI C 37.90 1 -1989.
4. Performance testing of UPS - IEC 146.
5. Stationary cells & Batteries Lead Acid type (with tubular positive plates)
specification 1S-1651-1991.
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1.
2
3
4.
5

1
2:

£

o e N oo g

1.

10.
11.

Recommended practice for sizing large lead storage batteries for generating
stations & sub-stations - IEEE-485-1985.

Printed Circuit Board - IPC TM 650, IEC 326C.

General Requirements & tests for printed wiring boards, 1S:7405 (Part-l)
1973.

Control Valves

Control valve sizing - Compressible & Incompressible fluids - ISA S 75.01-
1985.

Face to face dimensions of control valves - ANSI B 16.00 - 1973.
ISA Hand Book of Control Valves - (ISBN : B: 1047-087664-234-2).
Codes for pressure piping - ANSI B 31.1

Control Valve leak class - ISA RP 39.6

Process Connection & Piping

Codes for pressure piping "power piping" - ANSI B 31.1.
Seamless carbon steel pipe ASTM - A - 106.

Forged & Rolled Alloy steel pipe flanges, forged fittings and valves and parts
-ASTM- A - 182.

Material for socket welded fittings - ASTM - A - 105.

Seamless ferritic alloy steep pipe - ASTM - A - 335.

Pipe fittings of wrought carbon steel and alloy steel - ASTM - A - 234.
Composition bronze of ounce metal castings - ASTM - B - 62.
Seamless Copper tube, bright annealed - ASTM - B - 168.

Seamless copper tube - ASTM - B - 75.

Dimension of fittings - ANSI -B - 16.11.

Valves flanged and butt welding ends - ANSI - B - 16.34.

Instrument Tubing

Seamless carbon steel pipe - ASTM - A 106.

2. Material of socketweld fittings - ASTM - A105.
3. Dimensions of fittings - ANSI - B - 16.11.
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4. Code for pressure piping, welding, hydrostatic testing - ANSI B 31.1.
Cables
1. Thermocouples extension wires/cables - ANSI MC 96.1 - 1992.
2. Requirements for copper conductor-Wiring cables for telecommunications &
information processing system - VDE:0815.
3. Colour coding of single or multi-pair cables - ICEA - S - 61-402 (third edition)
NEMA WCS - 1979 with revisions thorugh 2/83.
4. Insulation & Sheathing compounds for cables : VDE 0207 (Part4, 5 & 6).
9: Guide design and installation of cable systems in power generating stations (
insulation, jacket materials) - IEEE Std. 422-1977.
6. Rules for Testing insulated cables and flexible cables : VVDE - 0472
7. Requirements of vertical flame propagation test - IEEE 383 - 1974 (R 1980)
8. Standard specification for tinned soft or annealed copper wire for electrical
purpose - ASTM B-33-81.
9. Oxygen index and temperature index test - ASTM D - 2863.
10. Smoke density measurement test - ASTMD - 2843.
11. Acid gas generation test - IEC - 754 - 1.
12. Swedish Chimney test - SEN - 4241475 (F3).
13. Teflon (FEP) insulation & sheath test - ASTMD - 2116.
14. Thermocouple compensating cables - Testing requirements & sampling plan
1S:8784.
15 PVC insulated electric cables for working voltage upto and including 1100 V -
1S:1554 (Part-I).
Cable Trays, Conduits
1. Guide for design and installation of cable systems in power generating
staiton (Cable trays, support systems, conduits) - |IEEE Std. 422, 1977,
NEMA VE-1 1979, NFPA 70-1984.
2 -do- Test Standards. NEMA VE-1-1979.
3. Zinc coating "hot dip" on assembled products for galvanising of carbon steel
cable trays - ASTMA - 386-78.
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1.
2.

10.
1.

Public Address System

Specifications for lod speakers - 1IS:7741 (Part-1, 1l and 1lI)

Code of safety requirement for electric mains operated audio amplifiers -
1S:1301

Specification for Public Address Amplifiers - 1S:10426.
Code of practice for outdoor installation of PA system - 1S:1982.

Code of practice for installation for indoor amplifying and sound distribution
system - 1IS:1881.

Basic environmental testing procedures for electronic and electrical items -
1S:9000.

Characteristics and methods of measurements for sound system equipment -
1S:9302

Code of practice of electrical wiring installations (System voltage not
exceeding 650 volts) - 1IS:732

Rigid steel conduits for electric wiring - 1S:9537 (Part-l and II)
Fittings for rigid steel conduits for electrical wiring - 1S:2667

Degree of protection provided by enclosure for low voltage switchgear and
control gear - 1S:2147.

Vibration Monitoring System

1. API1 670 - 1994
2. BS : 4675 Part-2
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S.No | Description of Drgs/Docs No of [ No of CD
Prints ROMs/DVDs/Portable
Hard Disk
1 Drawings, Data sheets, Design calculations, Purchase specifications and
other documents
First submission and
submission with  major
changes
= Layout (AO&A1 sizes) 4 -
= QOther
Drawings/Documents 2 -
(AD&A1 sizes)
= P&ID (All sizes) 4 -
a) Final drawings/documents 6 2
(Directly to site)
b) “As Built” 6 2
Drawing/Documents
(Directly to site)
c) Analysis reports of
Equipments / piping 2 2
/structures
components/system
employing software
packages as detailed in the
specifications.
2 Erection Manual (Directly to 4 sets 2
site)
3 Operation &  Maintenance
manual 1 set --
i) First Submission
ii) Final Submission 4 sets 2
(Directly to site)
4 Plant Hand Book
i) First Submission 1 1
5 Commissioning and
Performance Test Procedure
manual 1 set --
i) First Submission
ii) Final Submission 4 sets 2
(Directly to site)
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S.No

Description of Drgs/Docs

No of
Prints

No

of

CD

ROMs/DVDs/Portable

Hard Disk

Performance and Functional
Guarantee Test Report
i) First Submission

2 sets

ii) Approved Copies
(Direct to Site)

4 sets

Project Completion Report
(Directly to site)

6 sets

QA programme including Organisation
for implementation and QA system
manual(with revisions)

Vendor details in respect of proposed
vendors including contractor’'s
evaluation report.

10

Manufacturing QPs, Field QPs, Field
welding schedules and their reference
document like test procedures, WPS,
POR etc

i) For review/comment

i) Approved final copies of Field
QPs, Field welding schedules
and their reference document
like test procedures, WPS,
POR etc (Direct to Site)

11

Welding Manual, Heat Treatment
Manuals, Storage & preservation
manuals

i) For review/comment

1 set

ii) Approved copies
(Direct to Site)

4 sets

12

QA Documentation Package for items
/ equipment manufactured and
despatched to site

2 sets

13

QA Documentation Package for field
activities on equipment/systems at
site

2 sets

LOT-IA PROJECTS

FLUE GAS DESULPHURISATION (FGD)

SYSTEM PACKAGE

TECHNICAL SPECIFICATION
SECTION - VI, PART-C
BID DOC.NO.:CS-0011-109(1A)-2

GENERAL TECHNICAL
REQUIREMENTS

Annexure-V]

PAGE
82 OF 83

Page 161 of 369




€8 4O €8 39Vd

IIA-FHNXIANNY
SINIWIFFINDIY

Z-(v1)60L-1L00-SO:'ON 0004 aIg
014 Vd ‘IA-NOILO3S

39VYOVd WILSAS (@94) NOILYSIHNNHAINS3A SY9 3nT4
$103royd vI-Lo1

AVYIINHO3L TYH3INTD NOILYDI4123dS TvIINHO3L
l SZ'0 SZ'0 S0 HLNOWN VI
sanyoey Bunsa |
sawdinba wajsAs
a1z jo sseood lopeijuo
uonez|iel|ie) saoe} Buumpoejnuey 159} [SpOLL pUe BIBAMYDS A ( w
pue |00}  |ewedg Buuseuibua sjoedse ubisep pue 49 Ppeplrod
sanbjuyosey pue uBisep oiseq Eld LMW a4 o) weishs g1z ul spusy [eoifojouyos) jsele sl wajsis
@oueUBEBW  [eI0ads ‘uonduosep  weyshs weysAs peseyjo ay) Joj suoleso| pue iz 24eym
0 uoljezieljiwe BEM 8)SeM welshs g1z ol peke. sabuey ‘sadf] ‘sjuiod jusweINsESLW SNOLJEA UO SUOISSNOSI] SaRbi i
sisAeue yne aod o}  wejshs swejgoud /Aioisy WO uolesado Jo eidpuiid g Losy) wafold  u))
pue Buijooys s|gnoiL a1z _uo Buwelsl ¥oeqpesy [euonessdo e d LMM Q94 o) welshs g1z jo sainjes; ubisep ojseq waisAs a1z
9 S0 S0 4 HLNOWN YW
'g]}s8) uoijesjsuoLuiep pue epod s|gedljdde Jed se esueLwL)B
ssaiboud Ul y1om g9y sainpedold uonosse ‘seifellls uogoeig
uonenpul ABopuyse) sisfjeue ainjieq
uonezueliwey | Jo} ueid aimn4 wejshs piuoo god e
sepyoe} pue (o0} |epeds we}sAs pue sjuswdinbe usjsfs eoujoRlR D4 .
ssaooud | snouen jo Alojsiy uonesedg “o)@ ‘sanjen ‘Buidid Buipnjou; swejshs
senbiuyoe) ecueusjuew | ul uswdopessp Pnpold Aunjs uo suoije|nojed Buizis pue ubiseq ‘sideouco diseg  «
lepads Jo uolezue|IWE Y 3oeq pee) WSO uonosies g o4 1o) SeUsSiely e
salj|e) Buse ] seue|xne g sjuswdinbe
'sanss| meinel pue sishjeue | ‘weisAs go4d jo Acuepiye /Buizis Bunoeye siojoey uo Buues) .
'S0 UCHEZLEI(ILE} [ENUBL ssaooud Buipjepy | uonoejioo elep ‘eocueulcyed ao4 jo suonenojeo Guizis pue uoipajes ‘ubisa( ‘aouBEqSSEl
W20 'seweydss uoljoejoud as4
o 0160 'seonou ‘uopesedo | swewdinbe pue Jsqiosqy juawdinbe pue wejshs
Aydosopyd lonuos | jo sseooud Buunpejnuely | snolea  Uim  uolEZUEIjIWE 'a)e safjsay} Buidid ¢ sjgeo ‘eale Q94 Jo |Bpow § jnofe
aod
JuE|d jo Niom
@osueusjuiey g uoneiad | s Jeinjoejnuelp o) USIA USIA Jueld N9IS3Aa 1LoNaoyd
LINIWIINDIY ONINIVHL 40 SY3HY 12Naoyd

IA-FHNXINNY

SINIWIHNDIY TVIINHOIL TVHINID

‘ON 3SNV10

Page 162 of 369



T

TITLE:

3X660 MW NABINAGAR STPP
TECHNICAL SPECIFICATION FOR
MISC. FGD TANKS

SPECIFICATION No: PE-TS-457-167-A102

SECTION-I, SUB-SECTION-C2-A2

REV. 00 DATE: SEP 2022

SHEET :

SUB SECTION-C2 - A2

CUSTOMER SPECIFICATION: TECHNICAL REQUIREMENT

Page 163 of 369




g ddidt

NTPC

SUB-SECTION-I-M1

FLUE GAS DESULPHURISATION SYSTEM

LOT-IA PROJECTS TECHNICAL SPECIFICATION
FLUE GAS DESULPHURISATION (FGD) SYSTEM PACKAGE SECTION-VI

BID DOCUMENT NO.: CS-0011-109(1A)-2

2138

Page 164 of 369




CLAUSE NO.

TECHNICAL REQUIREMENTS il
NTPG

1.00.00

1.01.00

1.02.00

FLUE GAS DESULPHURIZATION (FGD) SYSTEM
GENERAL

The design/specifications/sizing of various plants/systems/equipment offered for
Flue Gas Desulphurisation (FGD) System shall comply with the requirements
detailed hereinafter:

System Description

The Flue Gas Desulphurisation (FGD) System shall be based on Wet Limestone
Forced Oxidation process. The FGD system shall be installed downstream of the
Induced Draft (ID) fans (Employer's scope).The flue gas shall be drawn from air
preheater outlets of the balanced draft, pulverised coal fired Steam Generator and
guided through adequately sized duct work into the specified number of independent
gas streams of each Electrostatic Precipators. The flue gas after the Electrostatic
Precipitators shall be led to the suction of the ID fans. The flue gas temperature may
approach the economiser outlet temperature of about 300°C in case the
regenerative airpreheaters fails to operate. The Contractor shall take this aspect info
account while designing the Flue Gas Desulphurisation (FGD) System.

Service Conditions

The Steam Generators. being provided by Employer, are designed to burn
pulverised coal having properties as indicated in Sub-section-ll-A (Project
Information), Part-A, Section-VI. Also HFO/HPS/LSHS and LDO shall be used during
startup and at low loads for warm up and flame stabilization as specified in
respective Project Infarmation Chapter. The design of Steam Generator shall not call
for any oil support for flame stabilization beyond 40 % BMCR load when firing any
coal. Further, the frequency and duration for startup and low loads operation may be
quite long during the first year of unit commissioning and operation. The Steam
Generator has been designed for cyclic/two shift operation. Expected numbers of
Steam Generator start-ups during 25 years of design life are as follows:

Type of Starts Number of Starts

a. | Hot start (after 8 hours of unit shut down)

b. | Warm start (after 36 hours of unit shut
down)

c. | Cold start (after 72 hours of unit shut
down)

The Contractor, shall take into account the entire characteristics of expected
combination of fuels to be fired and the expected numbers of Steam Generator start-

LEVT-0A PROJECTS TECHNICAL SPECIFICATION PART-B
FLUE GAS DESULPHURISATION (FGR) SECTION-VI SUB-SECTION-I-M1 PAGE 1 OF 51
SAYSTEM PACKAGIH BID DOCUMENT NO.: C5-0011-108{1A}.2 (FGD)
2139
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1.03.00

1.03.01

1.03.02

1.03.03
1.03.04

1.03.05

ups while designing the FGD system.
Design Criteria

The Flue Gas Desulphurisation (FGD) System shall be designed to meet all the
conditions specified above. Representative coal and ash analysis for the expected
coal and oil are given in Sub-section-Il-A (Project Information), Part-A, Section-VI for
each project. The FGD system and all the associated auxiliaries shall be designed to
comply with the requirements stipulated under 'Guarantee Point' and 'Design Point’
conditions indicated in Sub-Section-V, Part-A, Section-VI of the Technical
Specification for the respective projects, The values indicated for FGD sizing shall be
considered as minimum design criteria. These shall be modified to more
conservative values if Contractor experience warrants the same. However, no credit
shall be given to the Contractor for this during evaluation of the bids. Utilization of
these values in no way relieves the Contractor of his responsibility to meet all the
guarantee requirements. The Contractor shall also fumnish along with his offer the
detailed calculations and data along with his Bid to establish as to how the Bidder
will meet the efficiency requirements both at design and guarantee point as specified
in FGD sizing criteria.

The FGD system shall be installed downstream of the ID fans and shall be based on
wet Limestone Forced Oxidation Process. The FGD system shall be designed to
achieve the required SO; capture without the use of oxalic acid or any other
additives. The FGD System shall be designed so as to be in operation whenever the
Steam Generator is in operation.

However, provision shall be made by the Contractor for facilitating operation of unit
with emergency FGD bypass. This shall also facilitate the online maintenance of
absorber system and associated equipment's. The arrangement of the flue gas
system shall allow complete isolation of the absorber from the gas side, with the unit
in operation. For this purpose. Matorized Guillotine type gates has be provided at (i)
hot gas inlet to Booster Fans, (ii) Outlet of Booster Fans and (iii) in the bypass duct
(common Flue Gas Duct going towards the existing Chimney). Further, Quick
opening Bi-plane motorized/pneumatic damper along with 2x100% seal air fans shall
be provided in the by-pass duct by the Contractor. The same shall also be taken into
account while designing the control & logics for the FGD System.

The wet absorber system shall be designed to maintain the required SO» removal.

In order to be compatible to all possible modes of operation, the design of the FGD
plant shall enable short start-up times, compatible with load changes in the Steam
Generator and shall ensure reliable mode of continuous operation.

The flue gas desulphurization plant (FGD) shall be designed to be operated with
limestone as specified in Sub-Section Section-VI_of-the.Technical

Specification. (3 b~
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1.03.06

1.03.07

1.03.08

1.03.09

1.03.10

1.03.11

1.03.12

1.03.13

The FGD and the ancillary facilities shall be suitable for unlimited operation with all
lransients and at any load point between the minimum and maximum load point of
the Steam Generator. Further, the FGD plant shall be suitable for an unlimited
operation at any pollutant concentrations between minimum and maximum without
exceeding the emission values of SOz emission of less than 100 mg/Nma (6% O;

dry).

In case of failure of the SG and ancillary equipment, the FGD plant shall be brought
autormatically to the off-load operation without restriction by the current load case by
suitable measures.

In case of a power failure all items of equipment (e.g. minimum one agitator in
absorber and limestone slurry tank, flue gas damper upstream & downsiream of
FGD, Process water pump & lube oil system of Booster Fan & Ball Mill) which may
cause irreversible damage to the FGD System shall be connected to the emergency
power supply system to be provided by the Contractor. Bidder shall furnish a list of
all such Auxiliaries in their bid proposal.

n case of shutdown and outage periods, draining and flushing of limestone slurry and
gypsum slurry pipe work, tanks and all other items being in contact with limestone
slurry or gypsum slurry shall be possible without restriction and without necessity of
extensive or unusual preparation and activity. Draining and flushing which are
required even during short time outages or an emergency shutdown shall be started
automatically and by remole control from the Control Room.

All items or equipment which are subject to wear, abrasion or failure (e.g. nozzles,
pumps, pipe work, etc.) shall be designed and installed for easy replacement, repair
and maintenance.

The design and the construction shall be performed so as to avoid stress corrosion
cracking, galvanic or other types of corrosion. Especially when using two different
alloys, appropriate measures shall be taken to avoid corrosion. This is subject to
approval by the Employer.

All items of equipment including flue gas ducts, expansion joints, etc. shall be
designed considering thermal and mechanical strength as a function of the maximum
temperature which might occur in case of a failure of any upstream equipment.

Waste water which might be generated during flushing and cleaning procedures
of the equipment (e.g. lime slurry bins, pipes, trucks, etc.) shall be collected in sump
and shall possibly be reused in the wet absorber.

Justification of Proposed Design

All the design procedures, systems, and components proposed shall have already
been adequately developed and have demonstrated good rellablllty under similar or
more arduous conditions elsewhere. £ V

o r. A%
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1.04.02

1.05.00

1.06.00

1.06.01

1.07.00

1.08.00

1.08.01

1.09.00

2.00.00

The Bidder shall submit with the offer, comprehensive information on how the L/G
ratio, mass balance, spray nozzle cone angle, spray nozzle arrangement, limestone
consumption etc. of the proposed design has been arrived at. The Contractor shall
also submit alongwith the offer, a detailed write up on the proposed design features
with recent design modifications, if any, and their specific advantages over the
previous designs.

Statutory Approval

The engineering, design, supply and installation of FGD system and the associated
auxiliaries shall comply with the applicable safety code and regulation of the locality
where the system is being installed.

Location & Layout Requirements

The Contractor shall offer the best design to accommodate the Flue Gas
Desulphurisation (FGD) System and Lime stone & Gypsum handling & storage
system within the confines of the space available. The location of FGD System and
associated facilities shall be decided by the Bidder after visiting the Project site.

Capital Overhaul of FGD System

Employer envisages to carryout the capital overhaul of units once in three (3) years.
The design and materials for various equipments/auxiliaries etc. shall be selected by
lhe Contractor keeping in view the above requirement of the Employer, such that no
major repairs/replacements, requiring shutdown of the unit, are needed in between
the capilal overhauls.

Maintenance

The Contractor shall provide adequate handling facilities & approach as for carrying
out on-line and off-line maintenance of the FGD system and its auxiliaries. In order
to carry out on-line maintenance, it shall be possible to readily disassemble, repair
and reassemble the equipment supplied in the shortest period.

Noise level

The equivalent weighted average of sound level measured at a distance of 1.5 m
above floor level in each elevation and one meter horizontally from the base of any
equipments furnished and installed under these specifications, expressed in decibel
to a reference of 0.0002 microbar, shall not exceed 85 dB(A).

EQUIPMENTS AND SYSTEMS SPECIFICATIONS

Specified hereafter are the minimum acce
Employer, and all components, equi

3
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3.00.00

3.01.00

Desulphurisation System shall be designed to cater to these requirements.
Compliance to various stipulations of the Technical Specifications, functional
requirements of Employer and utilization of various parameters and their values in
the specification by the Contractor shall in no way relieve the Contractor of his
responsibilities to meet all guarantee requirements or of providing completely safe
and reliable operating equipment/systems.

The complete FGD system and the associated auxiliaries shall be designed by the
standard industrial practices. The FGD system shall be designed to achieve the
required SO; capture without the use of oxalic acid or any other additives. Only field
proven materials for similar application shall be used for the system. The complete
installation of liners shall be made under the supervision of the liner supplier as per
their guidelines.In the execution of the welds contractor must ensure that welding
material has same corrosion resistance as the actual plate surface.

Alloy to carbon steel welds must either be hidden behind a covering strip of alloy
material, or be executed by a special welding procedure ensuring the same quality
at the weld surface as the alloy lining. All welding which shall be in the contact with
process fluids shall be executed under the supervision of the designer/manufacturer.

FLUE GAS SYSTEM

The entire flue gas system, flue gas ducts, absorber etc. shall be designed to meet
the following conditions:

1. | Design internal pressure at 67% | +660 and -150 mmwec or maximum
yield strength (mm wc) conceivable head of Booster fan (if
provided), whichever is higher

2. | Design Inlet Gas Temperature | 150
(deg.C)

3. | Short temp excursion temperature | 300
of inlet gas (for approx. fifteen (15)
minutes at a time) (deg. C)

4. | Inlet Dust Burden in Gas (mg/Nm3) | 200

5. | Maximum flue gas velocity through | Not more than 4 m/s at Design Point

the Absorber (M/sec) Conditions
6. | Recirculation Slurry pH Not less than 5,5 under all operating
conditions /&4 .
{( ] fl/ 4
k’_‘:_ | nb;:l :J
2
/ :? I\_:_
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3.02.00

3.02.01

3.02.02

3.02.03

3.02.04

3.02.05

3.02.06

3.02.07

Design

The flue gas ducts shall be sized and designed to meet all the criteria as specified in
Cl. No 16.00.00 this subsection.

All ducts with operating temperature above 60°C shall be insulated in accordance
with cl. No, 17.00.00 of this sub section.

The duct layout shall ensure that there is no accumulation of acid mist on the duct
floor.

The duct to Absorber inlet shall be made of Carban steel of minimum 7mm thickness, The
duct to Absorber inlet shall be made of Carbon steel of minimum 7mm thickness. The duct
from Absorber outlet to bypass duct shall be made of Carbon steel of minimum 7mm
thickness with 2 mm (minimum) thickness lining / cladding / wall paper of Alloy C276 / Alloy
59 or better material.

In addition to the base offer as described above, the bidder may also submit an
alternate offer for a different material / lining of duct from Absorber outlet to stack, if
the bidder has previous experience of the same. The bidder should have supplied a
similar design of duct in previous installations for similar application. Bidder shall
indicate the applicable price implication for such an alternate offer in the relevant Bid
Proposal sheet. The Bidder shall also furnish details of the previous installations of
such system and bring out all the technical features of the system proposed. Bidder
to note that application of lining material in the ducts shall be carried out under the
supervision of designer/manufacturer. Bidder to note that application of lining
material in the duct shall be carried out under supervision of Designer/Manufacturer.

Wherever required, expansion joints of proven design shall be provided in the ducts
to take care of differential expansion in the system. The material chosen for
expansion joints shall suitable for the duty conditions and the corrosive atmosphere
of the FGD system and shall be field proven for similar applications, The expansion
joints shall be guaranteed for faultless material and workmanship, for a minimum
guaranteed life of not less than 20000 hrs. of operation. During Guarantee period
any defects noliced in the expansion-joints due to faulty material and workmanship
shall be rectified by the Contractor free of cost.

The Contractor, shall take into account the entire characteristics of expected
combination of fuels to be fired, for the complete load range of operation and the
expected numbers of Steam Generator start-ups while designing the Chimney flue
liner. The chimney flue liner cladding shall be made of 2 mm thick Titanium (Grade 2
as per ASME SB265) or C-276 alloy over 8 mm thick (minimum) mild steel base
metal of flue liner. Cladding shall be done to achieve the required quality as per
ASTM B B98-11. External surface of chimney flue liner projecting over the chimney
roof shall be wrapped with 2 mm thick Titanium sheel over in_s‘u tion.

LOT-IA PROJECTS TECHNICAL SPECIFIC ATHE
FLUE GAS BESULPHURISATION (FGIN
SYSTEM PACKAGE

B.SECTION--M1 | PAGEG OF 51
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3.03.00

303.01

3.03.02
3.03.03

3.03.04

3.03.05
3.03.06

3.03.07

3.03.08

3.03.09

The stack shall be designed as per the latest guidelines of EPRI Wet Stack Design
Guide. The design of wet ducts and stacks system shall consider the Stack liquid
discharge (SLD), Corrosion/chemical altack, Condensate collection system and its
drainage etc.

Gates & Dampers

The arrangement of the flue gas system shall allow complete isolation of the absorber
from the gas side, with the unit in operation. Guillotine gate type damper shall be provided
by the Contractor before the suction of each Booster fan. A gas tight, motor operated
Guillotine gate shall be provided by the Conitractor at the outlet of each Booster fan. A
gas fight, motor operated Guillotine gate shall be provided by the Contractor in the
bypass duct (flue gas duct connecting the existing chimney).

All gates/dampers shall be designed to withstand the operating flue gas temperature
without distortion.

There shall not be any backlash, play, etc. with linkage mechanism, actuator and
final control element.

Thermal expansion of ducting shall not produce stress in louvers, linkage arrangement etc.

Outlet dampers of seal air fans shall be pneumatically operated, suitable for remote
manual operation.

All pneumatically operated interlocked dampers actuators shall be provided with solenoid
valves.

A quick acling biplane damper shall be provided by the Contractor in the bypass duct
(flue gas duct connecting the existing chimney) for quick opening to allow bypass to
come into operation in case of emergency. The damper shall be capable of quick
opening during emergency conditions within a time of 10-20 secs. Bidder should
indicate the required opening time for bypass damper for emergency operating condition.

All the gates shall be designed for tight shut off. The Guillotine gate type dampers mentioned
at Clause No. 3.03.01 above shall have a guaranteed gas tightness efficiency (on flow) of not
less than 99.95% along the duct as well as from the duct to atmosphere or from atmosphere
to the duct, depending on the pressure in both the damper open and damper closed
condition without the use of seal air fans of the damper. The bypass damper shall have a
guaranteed gas tightness efficiency (on flow) of not less than 99.5% and 100% leak tight with
seal air fans under operation. The gas tightness shall be demonstrated at shop for minimum
one type of damper of each type and size.

The dampers shall be pneumaltically operated and controlled from the control room.
Provision shall be made for giving signal automatic bypass controls of the absorber in case
of failure of the absorber spray system or the GGH. The dampers shg I'*pay-g:ﬁ_- vision for
manual operation, through a hand wheel. The force required for mam; of the
gate shall not exceed 35 kg (max.) at the rim of the hand wheel, [/ <, z 3

LOT-1A PROJECTS « TECHNICAL SPECIFICATION PART-B
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3.03.10 The isolating gates shall be provided with locking devices to permit locking in fully
closed position.,

3.03.11 Pressurization Fans:

a) All gates shall be provided with 2x100% pressurization fans to achieve 100%
sealing efficiency.

b) The location and scheme for pressurization system shall be subject to
Employer's appraval.

3.03.12 All gates shall be designed to withstand the operating air and flue gas temperature
without distortion.

3.03.13 All guillotine gates shall be located in horizontal duct to avoid fly ash build up when in
closed position and shall be of top entry type.

4.00.00 BOOSTER FAN:

4.01.00 The Booster Fans shall be located downstream of the ID Fans (Induced Draft Fans)
in the inlet duct to Absorber shall be capable of handling the pressure drop in the
FGD system & ducting and wet stack of 150 m height also considering the exit loss
from wet stack over the entire load range with any one or both Boosier fans in
operation in conjunction with one or both ID fan in operation while firing the specified
range of fuels. Additionally a pressure loss of 100 mm wel (excluding margin) shall
be built up in booster fan design criteria as mentioned below to take care of pressure
loss due to future installation of De-Nox system.

Booster Fans shall be sized such that they satisfy the criteria stipulated below.

4.01.01 S.N. Description Booster Fan
1 Type of fans Constant speed, axial type.
2 No. of fans per unit Two
3 Fan sizing criteria with all the Booster Fan to be sized for
following conditions occurring one (1) Booster Fan stream in
together : operation taking into account

following  facters  occurring

e PR R |
W o H“ W ilatin !,
\
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together:
(i) Flue Gas Flow through fan 920 m¥sec for all 800 MW
units
724 m’/sec for 660 MW units
of Mouda, Tanda , Nabinagar
STPP & Barh-I
802 m¥sec for 660 MW units
of Meja
893 m?/sec for 660 MW units
of Solapur
297 m¥sec for 250 MW units
of Nabinagar TPP
(ii) Power supply frequency 475 Hz
(iii) Pressure at Booster Fan suction 0 mmWe
(iv) Gas temperature (degree Celsius) 150
4.02.00 The fans shall also fulfill following sizing Each fan to be sized with
criteria in addition to those mentioned at following conditions occurring
clause 4.02.01 above together.
(i) No. of fans in operation 2
(i) Flue gas flow through each fan 727 mi/sec for all 800 MW
units
600 m*sec for 660 MW units
Mouda, Tanda , Nabinagar
arh-|
m?¥sec for 660 MW units

;\ LOTAAA PROJECTS

&VN TECHNICAL SPECIFICATION PART-B
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4.02.01

4.03.00

4.04.00

of Meja

678 m?/sec for 660 MW units
of Solapur

237 m¥sec for 2560 MW units

of Nabinagar TPP

(iii) Margin over flow 20%

(iv) Margin over pressure requirement 44% over the calculated value

(v) Power supply frequency 50 Hz

(vi) Pressure at Booster Fan suction 0 mmWec

(viii) Gas temperature (degree Celsius) 150

(viii) Flue gas control Blade pitch control

Note to 4.02.01 & 4.02.02: Booster fan shall have a minimum stall margin of 10%
over the Design duty points.

Both fans shall operate with highest possible efficiency which shall be nearly equal
at the Guaranltee point flow and test block points.

Fan components along with servo/blade pitch control mechanism shall be designed
to withstand and continuously operate with the maximum air or flue gas temperature
that these fans will be required to handle. Fan component shall also be designed to
withstand the excursions in flue gas temperature up to 300 degree Celsius, which
may persist for about 30 minute duration. Such temperature excursion will not inhibit
the safe and smooth operation of fans or cause any damage or increased
maintenance.

The construction of Booster fans shall als &
&

£y

&
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DESCRIPTION Booster Fans
Type of fan blades stream lined, aerofoil shaped section
Blade material Nodular Cast Iron or High Wear Resistant Steel with or

(a)

(b)

design”

*Note :

Fan Bearings

without Hard coating as per the proven practice of the fan
manufacturer

Fan rotational speed 600 rpm (max.)

Air/Flue gas flow blade pitch control
Fan critical speed not less than 125% of fan maximum operating speed
Fan component to withstand torsional stresses three (3) times the normal

full load motor torque at all speeds

Fan casing material Abrasion and wear resistant, high BHN steel having
thickness minimum 8.0mm thickness or 12mm mild steel with liner

of thickness 10mm (min.)

Fan Housing design for shut off head of fan

Contractor shall submit detailed calculations, for Employer's approval, to
confirm compliance with above requirements for all fan components,
specifically for fan shafts, impeller hubs and impeller as a whole. Areas of
high stress concentration and residual stresses, like welded attachments
shall be avoided on the fan rotor/shafts. Combined static, dynamic as well as
residual stresses shall be demonstrated to be within allowable limits. These
fan components shall last the life of the plant with such combined stresses
present in them.

Although employer envisages to install highly efficient electrostatic
precipitator to control particulate emission, however. Bidder shall select the
Booster fan components such as blades, hubs, casing etc. to encounter the
high dust burden of the order of 250 mg/Nm3. The minimum wear life of
Booster fan components shall not be less than 25000 hours of operation from
the date of commissioning.

(a) Bearing shall be provided with oil bath to prevem,”qanfége |n Qase of
complete loss of plant auxiliary power when the f;fns[ t coastl)dovxrn
\\-\\‘.' "
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(b) Size oil reservoir in bearings housing for maintaining lubrication for extended
periods in case of oil circulation system is out of service.

(c) Cooling air circulation to be provided across main bearing

(d) Adequte numbers of duplex P-RTD (100 ohm at 0 degree Celsius) and
temperature indicator shall be provided for each bearing. Local as well as
remote monitoring features shall be provided.

(e) For mounting of vibration pads/pickups, flat surfaces shall be provided both
in X and Y directions, by the Contractor on the bearing housing.

4.06.00 Fan balancing

(a) The fans shall be statically and dynamically balanced befare shipment.

(b) Balancing of each fan shall be checked and adjusted at site, if necessary.

(c) Natural frequency of all fan components shall be established by vibralion
testing to ensure that no part of the wheel is adversely excited by any force
generated at operating speeds.

(d) The fan blade shall be subjected to natural frequency test. The other
components of fan wheels need not be subjected to natural frequency test if
supplier can prove that these component are very rigid and have very high
natural frequency compared to the operating frequency of respective fans
giving justification.

4.07.00 Booster fans shall meet following operational requirements.
Description Booster Fans

(a) Mode of operation i) two fans in parallel.

ii) one fan (one stream in operation)

(b) Fan control system i) capable of operating in automatic mode for all
regimes of operation in a sleady and stable
manner

i) The final contral element shall not have any
backlash, plays etc., and-shall operate in the
FAR of 20% to”.80% " depending upon
. tly loads u{puyﬁggr MCR
:‘ } IJ \
a - \ l\u" 4
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4.08.00

4.09.00

4.10.00

5.00.00

5.01.00

(c) Vibration For mounting of vibration pads/pickups (in the
Employer's scope) flat surfaces shall be

provided, both in X & Y directions, by the
Contractor on the bearing housing in such a
way,so thatl welding/screwing of the pads shall be
possible.

(d) Bearingmelal Shall be possible from remote as well as locally,
temperature using atleast 2 nos. of duplex platinum RTD's
monitoring (100 ohms at0 deg. C) per bearing

The fans shall be suitable for parallel operation and sharing the load capacity over
the entire range of operation without hunting. Pulsation shall be avoided by suitable
design of fans and

Fan Casing :

(a) The fan casing shall be split to provide easy removal of the fan hubf/impeller
for replacement and repairs.

(b) The sections shall have gasket joints to ensure airtight sealing.
(c) Access doors shall be provided in each suction chamber casing and diffuser.
Drain Connection:

Drain connections shall be provided at bottom most point of the fan housing to the
nearest trench.

ABSORBER
The unit shall be provided with an independent/dedicated absorber.

The contractor may offer either a spray type absorber, with single or multiple levels
of spray, or an absorber with gas bubbling through the slurry, as per
Bidders/Colaborator's proven practice. Only proven system in successful operation
in previous installations supplied by the contractor shall be offered.

A Spray System (if offered)

(i) The contractor shall provide spray system and minimum spray levels
required to meet the stipulated guarantee and design requirement.
The spray system (including slurry recirculation pump & nozz:esj shall
be sized to achieve a desired L/G ratio requu;ed lo meet the
guarantees SO; removal efficiency, with redu dﬁ SpEGI

m.f
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under this clause.

(i) In case the contractor offers an absorber with multiple levels of spray
nozzles, each spray level shall be provided with independent 2x100%
pumps. Alternatively, the contractor may offer a spare spray level
with each spray level served by an independent 100% capacity pump.
In case the contractor offers a single level of spray, one number of
standby pump of the same capacity & head as the working slurry
recirculation pumps shall be provided. The contractor shall provide
spray system / spray levels only as per his proven practice, which
should be in successful operation elsewhere.

(i)  The slurry recirculation pumps shall have a minimum margin of 10%
on flow and 10% on frictional head, over the actual requirement for
meeting the guarantee and design point conditions. All slurry
recirculation pumps including motors shall be of the same size and

type.

(iv)  The slurry recirculation pumps shall have motor driven knife gate
valve at pump suction and discharge side.

(v)  The slurry recirculation pumps shall be wear-resistant and equipped
with flushing devices to prevent sedimentation and shall be designed
and installed in a manner to allow easy replacements, repair and
maintenance. The slurry recirculation pumps shall be equipped with
oil level indication, coupling guard and collecting equipment for
leakage, made of resistant material. Single mechanical seals with
automatic flushing with a connection for additional manual flushing
shall be provided.

(iv) The slurry pumps shall also comply with the requirements stipulated
in Clause 8.00.00 of this sub-section.

(v) Sufficient redundancy, as per the proven practice of the contractor,
shall be provided in the spray nozzles. Minimum 10% spare nozzles
shall be provided at each level.

B Bubbling Type Absorber

(i) In case the bidder offers an absorber with gas bubbling through the slurry, the
complete gas distribution system to the slurry shall be in bidder's scope. No re-
circulating pump and spray header and nozzles shall be required in such case.
However, 2x 100% Cooling Pumps instead of Slurry Recirculation shall be provided.
The spray headers & piping for cooling pump discharge shall be made of Alloy 59 or
C276 and nozzles shall be made of Silicon Carbide or ceramic or equivalent having
a minimum guaranteed life of 20,000 ooling Pumps-shall be installed
inside a building. L —
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5.02.00

5.03.00

5.03.01

5.03.02

The sparger and gas riser tubes shall be made proven material which shall have a
minimum life of 5 years.

Minimum 10% redundancy, shall be provided in the Sparger Tubes.
Absorber Recirculation Tank

Sufficient number of agitators, as per the proven practice of the contractor, shall be
provided for thorough mixing of the re-circulating slurry. In case the Contractor's Absorber
includes side entry agitators, the contractor shall offer and demonstrate mixing
arrangement such that n-1 number of agitators are sufficient to avoid the slurry settlement
in the absorber tank in case of one agitator under breakdown (n-total no. of working
agitators). In case vertical agitators in Absorber are offered, one complete mechanical
assembly of agitator shall be supplied as warehouse spare for each Absorber.

Absorber Oxidation Systems

The contractor may offer either a grid type oxidation system or a sparge jet oxidation
system or lance type or air rotary sparge system or jet air sparger system for
oxidation of sulfite sludge to sulfates, or any other proven system as per the practice
of the FGD vendor.

The oxygen required for oxidation shall be supplied by 2x100% oxidation air blowers
for each absorber. The compressor/blower shall be sized to supply at least 2.5 times
the stoichiometric air requirement for spray tower process & at least 4.0 times the
stoichiometric air requirement for Bubbling Type process or the actual requirement,
whichever is higher, under the following condition, all occurring simultaneously. The
natural oxidation of sulfite by residual oxygen in flue gas shall not be considered for
this purpose.

Load Design point Flow
Flow Minimum 2.5 times for spray tower process & 4.0 for
Bubbling Type process the  stoichiomelric

requirement

Head For spray tower process actual requirement
considering choking/ blockage of minimum 10% of the
oxidation nozzles / sprayers or minimum 8500 mmwc
whichever is higher.

For Bubbling Type process actual requirement
considering choking/ blockage of minimum 10% of the
_ oxidation nozzles / sprayers or minimu(f.@‘,i%rﬁmwé:,

\'®

SO PROIECTS TECHNIC AL SPECIFICATION PART-B p L
BUE GAS DESULPIURISATION (FGD) SECTION-VI SUB-SECTION--M1 PAGE 15 OF §1
SYSTEM PACKAGE BID DOCUMENT NO.: CS-0011-109({1A)-2i (FGD)

2153

Page 179 of 369



CLAUSE NO.

TECHNICAL REQUIREMENTS leoZifrisaid
NTPC

5.03.03

5.03.04

5.04.00

5.05.00

whichever is higher.
Margin on Head 10% under above conditions.
Ambient Conditions 45°C | 60% RH.

Oxidation nozzles / spargers shall have a minimum redundancy of 10% or as per the
contractor's proven practice whichever is maximum.

The oxidation system shall be complete with a quenching system to cool down
heated oxidation air in order to prevent any scaling or buildup that could occur at the
sparger tips due to localized evaporation of recycled slurry.

Gypsum Bleed Pump

Each absorber shall be provided with 2x100% Gypsum Bleed Pumps for supply of
gypsum slurry to Gypsum Dewatering system. Each Gypsum bleed pump shall be
sized to bleed-off the gypsum slurry from the absorber with slurry solid concentration
not exceeding 30%, under the following conditions, all occurring simultaneously:

Load Design point

Flow 100% of gypsum produced at Design point condition
Head As per system requirement

Margins Flow -— 15%
Head — 20%

The pumps shall be designed to meet the stipulations of Clause No.9.00.00 of this
Sub-Section.

Provision shall also be provide in the Gypsum Bleed Pumping system by provision of
tap off, valves etc. for pumping the gypsum bleed to alternate source.

Emergency Spray System

An emergency cooling system for automatic spray of quenching water for a sufficient

time (minimum 15 min) at the inlet to the absorber, in case the gas temperature

exceeds the design temperature due to failure of upstream equipment’s shall be

provided to protect the FGD and all other sensitive downstream equipment against

high flue gas temperatures. The water shall be supplied from an elevated tank

(emergency water tank) installed near4® orber. The-tank volume and the
L = /
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5.06.00
5.06.01

5.06.02

5.06.03

5.06.04

5.06.05

5.06.06

LENE7
7
3

(=]

injection lances/nozzles shall be designed to protect the inlet duct and the lining of
the absorber. The inlet duct shall be sloped towards the absorber.

Design

The design and arrangement of the absorber shall be field proven for successful
long-term operation in conjunction with a coal fired power plant.

The design of flue gas ducts and inlet and outlet hoods of the FGD as well as guide
vanes and baffle plates shall ensure a homogeneous flue gas flow with respect to
the distributions of:

(i) temperature

(i) velocity

(iii) dust content

(iv) slurry injection and distribution.

The above shall be proven by two phase Computational Fluid Dynamics simulations
(liquid and gas). The scope of modelling shall include flue gas path inside the
absorber vessel including inlet and outlet duct. Homogeneity shall be ensured, if the
deviation from average is less than +10%. Further, in the Absorber outlet hood no
internals such as guide vanes and baffle plates shall be allowed.

The fabrication of the absorber vessel shall follow common praclice as there shall be
no longitudinal seams located behind any attachment or obstruction which would
prevent inspection of the welds. Nozzles, access ways, and their reinforcements
shall not be located in or on any seam. Inaccessible gaps or hollow beams shall be
avoided.

The absorber shell shall be designed for pressure loads, piping forces and moments,
wind and seismic loads and all ather loads imposed on the absorber. Bracing and
reinforcement shall be adequate to prevent deflection and vibration. Internal
supports for mist eliminator sections, etc. shall be designed to withstand the flooded
weight of the supported section. The absorber and its structural supports shall be
designed for the maximum operating loads including design positive & negative
internal pressure, static head, external attachment loads (such as exerted by piping)
wind load using the allowable stresses permitted by the applied standards.

It shall be possible to reach the SO; emission guarantees, at Guarantee point
condition, with at least one spray level continuously out of service (in case the
absorber is equipped with several spray levels) or one spare pump continuously out
of service.

Three stage chevron type Mist Eliminators (ME) made of polysulfone or stainless
steel shall be provided at the exit of the absorber. Provision shall be made for
continuous washing of both ends of the first & second stage and the front section of
the third stage of mist eliminators. Wash water arrangement shall also be provided
at the back end of the second stage of mist eliminator. If the mist eliminator washing
system is designed for cyclic washing of different sections, all the valves required for
cycling shall be motorized or pneumatically operated. The automatic.valve for the
spray system shall be easily accessible on a platforms clqﬁq to; the mls!. eliminator.

‘\GC 3. \\ T
/ I/
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5.06.07

5.06.08

Entrained slurry shall be collected by mist eliminators downstream of the slurry spray
system to avoid carry-over of slurry to the stack.

The ME system shall be equipped with washing and drain provisions, where drains are
directed into the absorber. Washing provisions shall include external and internal piping
systems with replaceable nozzles, water pressure booster pumps (if required) complete
with all piping, valves, instrumentation and controls. The mist eliminator wash
piping/header shall be constructed of rubber lined carbon steel or glass fiber reinforced
plastics. Polypropylene or PVC is also acceptable for mist eliminator wash headers provided
Contractor or its Collaborator has proven experience for the same. Ease of replace ability
and placement of the mist eliminator on maintenance platforms is an important
requirement. The ME shall be designed to allow for efficient cleaning in process. Test ports
shall be provided downstream of the mist eliminator to enable performance testing.

The mist eliminator system shall be capable of withstanding high velocity spray
water jets typically employed during manual cleanings. The ME shall be constructed
in individual cells. The design shall safely avoid ME vibration and/or humming. The
individual cells shall be sized so that no more than two maintenance personnel are
needed to handle them manually when they are fully scaled or plugged, and the cells
shall be capable of passing through the access doors for the mist elimination section.
Easy access for placement and replacement of the mist eliminator shall be
incorporated in the design of the mist eliminator arrangement and the absorber
vessel.

Walkways shall be arranged and also measures shall be taken as appropriate to
permit the internal components to be disassembled and reassembled during repairs
without the necessily for time-consuming preparatory work. The headroom shall
have a height of more than 2200 mm, The mist eliminator support beams shall be
designed to act as maintenance walkways approximately 300 mm wide and shall
allow for a minimum 500 Kg/m2 load. The support beam/walkways shall provide
personnel access to all mist eliminator modules, wash headers and wash nozzles.

Adequate number of viewing ports with flushing devices connected to automatically
operating washing system shall be delivered at following locations:

(i) upstream of 1st stage

(i) between 1st and 2nd stage
(i) downstream of 2nd stage.
(iv) downstream of 3rd stage

The regular flushing shall be done in a defined time sequence.

The absorber oxidation tank shall be provided with an over flow line (for spray tower
process) complete with sealing pol, over flow and drain line. The absorber over flow
shall be taken to a sump in the absorber region, from where the slurry shall be
pumped back to the absorber by a sump pump.

Materials used shall be suitable for t
abrasion from any particulate conta
~)

of the aba_cntrgr— process and resist

¥ v A il BB N

mcoml;ag(.;'-flzggas ‘and from the
[ g \

(5 s

LOT-IA PROVECTS TECHNIC
FLUE GAS DESULPHUERISA TION (FGDY L
SYSTEM PACKAGE BID DOCUMENT NO.: CS-0011-109(1A)-2 {FGD]

\ {
WPARTB _~
SUB-SECTIONA-M1."| PAGE 18 OF 51

2156

Page 182 of 369




CLAUSE NO.

TECHNICAL REQUIREMENTS

A0
‘Wrpc

5.06.09

5.06.10

5.06.11

5.06.12

5.06.13

5.06.14

5.06.15

5.06.16

5.06.17

5.06.18

AN
&

particulate of desulphurization process.

All equipment located in the gas path or connected to such equipment shall be
designed to withstand the maximum inlet gas temperature fluctuations. There shall
be no damage whatsoever to any equipment as a result of these fluctuations.

The raw gas inlet duct of the absorber shall be equipped with a flushing device of the
side walls and the ground, which shall operate continuously as well as intermittently.

The absorber vessel shall be made of minimum 7 mm thick carbon steel.

The absorber oxidation tank, absorber tower & absorber outlet duct shall be
provided with 2 mm (minimum) thickness lining / cladding / wall paper of Alloy C276 /
Alloy 59 or better material.

The material of process equipments of flue gas desulphurization system shall be
appropriate for the chloride content and pH level at which the process is to operate.

All internal members shall be lined with minimum 2 mm Alloy 59/ C276 . All metallic
fasteners which are provided inside the absorber/absorber wet-dry interface ducting
shall be of Alloy 59/ C276.

The absorber wet-dry interface shall be made of solid Alloy 59 or C276 of minimum 6
mm thickness.

The other bridges (supports) shall be lined with minimum 2 mm Alloy 59/ C276.

Lining material and technical application requirements shall be furnished by
manufacturer experienced with similar FGD plants. Proof of such experience shall be
provided by the Contractor.

The spray headers (if provided) and air supply headers shall be made of FRP or
Carbon Steel with rubber lining (minimum 10 mm natural rubber lining), corrosions
and erosion resistant in the inner and outer side (Silicon Carbide coating on
metal/FRP surface exposed to slurry). Optionally ceramic coating is also acceptable
provided bidder/Collaborator has proven experience for the same. The slurry
spraying system shall be made of material resistant to erosion and corrosion. During
the lifetime of the plant, only the nozzles shall be replaced. The distribution system of
the slurry shall be hydraulically optimized. The spray nozzles shall be of silicon
carbide or ceramic or equivalent having a minimum guaranteed life of 20,000 hrs.
The design of the spray nozzles shall be such that rapid wear, encrustation and
plugging are avoided. Nozzle pipes and slurry spray nozzles shall be with bolted
flanged connections. Nozzle pipes shall be installed easily to be removed partially
through absorber modules.

r

In case the absorber is equipped with several spray levels th?,y__ éhall be designed as

follows: ( i [ A\
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5.06.18

5.06.19

5.06.20

5.06.21

5.06.22

5.06.23

5.06.24

5.06.24

(i) The last spray level upstream the mist eliminator shall be operated only in
counter-flow.

(il) Depositions at downstream spray level and mist eliminator by co-flow injection of
slurry shall be avoided.

(iii) The spray lances shall be equipped with bars for installation of
scaffolding without any offset. The spray levels shall be designed for a load of
min. 500 kgf/m?,

(iv) A flushing device of the spray levels with water shall be installed. Flushing shall
take place if spray levels are out of operation.

The absorber shall be self-supported from the bottom to suit site conditions.
Absorbers which are externally supported from the structure are also acceptable
provided Bidder or its Technology Collaborator has praven experience of supplying
such Absorbers which are operating for more than 5 years. The absorber shall have
adequate stiffening arrangement on the external side. Internal stiffeners shall be
used only where it is not possible to provide proper external stiffening with approval
of employer.

It should be possible to build platforms inside the absorber for access to all parts of
the absorber during maintenance. In case the contractor offers a multiple spray level
design, minimum distance of 1.5 m shall be maintained between individual spray
levels. Arrangement shall be properly designed to facilitate access for maintenance
and replacement of spray nozzles.

The spray piping, mist eliminators and ite supporting structure shall be designed fo
carry sufficient load during maintenance.

The bottom of the absorber sump shall be designed so that there will be an easy
entrance for a man with a wheelbarrow. Therefore the arrangement and dimensions
of the inspection door of the absorber at ground level shall be designed to allow for
this. The bottom of the absorber sump shall be designed in such a way that complete
drainage of the absorption liquid/slurry is possible and is accessible without damage
of lining/rubber.

In case of Spray Tower System, Suclion screens shall be installed inside the
Absorber vessel to protect the Slurry recirculation pumps. In case Bubbling type,
suction strainers shall be installed at the suction side of Gas Cooling Pumps. For the
agitators a flushing system for start ups shall be provided.

It should be possible to discharge the absorber sump into the emergency drain tank
within 2 hours.

At the head of the absorber two manholes shall be provided to reduce the draught of
the stack during outage.

Equipment's required for internal & external inspection shall be furnished by the
contractor in brand new condition. List of all sugh-items shall be furnished along with
the Bid. The formation of agglomeration, caking shall-bé ‘aveided. For
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areas, where this might occur, (e.g. mist eliminators, spray levels) the Contractor
shall submit a cleaning procedure including the required safety measures as part of
the inspection concept.

6.00.00 LIMESTONE GRINDING AND SLURRY PREPARATION SYSTEM
6.01.00 Type

A common limestone and slurry preparation system is envisaged for each project.
Contractor shall supply wet limestone grinding and slurry preparation system
complete with all auxiliaries and slurry storage tank of proven design.

6.02.00 Limestone Silo:

6.02.01 The Contractor shall provide 2X100% Limestone storage silos each silo having
minimum 24 hours storage capacity equivalent to the requirements of FGD system
of all the units operating at Design poinl. The siorage silo shall be complete with
supporting steel structure, platiorms, staircase, air canons power operated
gates, gravimetric feeders, level switches, air relief devices, etc..

6.02.02 The storage silos and hopper cones shall be fabricated of minimum 10 mm thick
carbon steel with a SS lining of grade SS304 of minimum 4 mm thickness in the
complete cones to ensure reliable discharge of material. The design of storage silos
shall confirm to IS 9178 (Part 1 to 3). The storage silo shall be capable of feeding
the limestone by means of gravimetric feeder to the wet ball mills. The top of the
unloading hopper shall be equipped with a grate to protect the downstream
equipment from gravel lumps or tramp waste.

6.02.03 Each Silo shall be provided with sufficient no. of level transmitters.

6.02.04 Each silo shall be provided with minimum 3nos. of air canons at necessary location,
capable of removing the jamming/clogging/blockage in the silos.

6.02.05 For dust free operation each silo should be provided with a covering arrangement
and a self cleaning bag filter system of suitable capacity containing blower,
automatic/on-load cleaning system, elc.

6.02.06 For each silo facilities shall be provided for unloading the bunker, through feeder, to
a truck at ground level, along with all necessary chutes and diversion chutes.

6.02.07 Lime stone silo with hopper may be fabricated at factory in segments, transported
and welded at site.

6.03.00 Bunker Shut-off Gates

6.03.01 A bunker outlet chute shall be provided for feeding limestone from bunker to the
feeder. The size of the opening chute shall be sufficient to en,sUre proper flow of the
limestone. There shall be no reduction of section in the b pl}é outlet chbtte from
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bunker to feeder. The inlet chute shall be provided with suitable poke doors/holes in
order to remave jamming/blockage. A motorized bunker shut-off gate shall be
provided at the inlet to each feeder.

6.03.02 All parts of the gate in contact with limestone shall be of stainless steel construction.

6.03.03 The shut-off gates and its actuator shall ensure 100% closing of the gate even with
‘bunker full of limestane'.

6.03.04 Facility shall be provided to open/close the bunker outlet gate, through actuator,
from remote as well as local.

6.03.05 In addition, a hand wheel with proper access shall also be provided for manual
operation of the gate. The force at the rim of the hand wheel shall not exceed 35 kg
with bunker full of coal.

6.03.06 For each bunker facilities shall be provided for unloading the bunker, through feeder,
to a truck at ground level, along with all necessary chutes and diversion chutes.

6.04.00 Gravimetric Feeders

6.04.01 Gravimetric feeders shall be sized to meet 110% of the maximum mill capacity.

6.04.02 The limestone feeder belt shall be of seamless rubber construction. It should be
possible to adjust the belt tension from outside without opening the feeder body.

6.04.03 All parts in contact with limestone except belt shall be of stainless steel construction.

6.04.04 The feeder shall have adequate instrumentation to detect "loss of flow',

6.04.05 The feeder shall have a motor/pneumatic operated gate at the outlet,

6.05.00 Wet Ball Mill

6.05.01 There shall be 2X100% tube mills for grinding of limestone. Each mill shall be sized
to meet 110% of the maximum limestone requirement of all the units in a project
operating under the following conditions, all oceurring together.

(i) Load Design point flow
(i) Flow 110% of limestone requirement of two absorbers
at Design point
(i) Input Limestone Size 1" (max.)
3 ; Qutput Flneness 90% or hlgher (as per the
(iv) Output Fineness require )th‘r ugh 3?5 mesh (for
spray t hlgher (as per
(e )
2
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6.05.02

6.05.03

6.05.04

6.05.06

6.05.06

6.05.07

6.05.08

6.05.09

the requirement of the absorber) through 200
mesh (for bubbling process)

(v) Mill Wear Part Near Guaranteed Wear Part Life.
Conditions

(vi) Limestone bond 13 (min)
index(kWh/sh.T)

All integral auxiliaries of the mills like hydro-cyclones, separator tank & mill circuit
pumps shall be sized to meet the above conditions. A 100% stand-by pump shall be
provided for the mill circuit pump.

The mill hydro-cyclone set shall have sufficient redundancy. A minimum 10% spare
hydro-cyclone shall be provided in each set of hydro-cyclone. Hydro-cyclones shall
be of modular construction. It shall be possible lo remove and replace individual
hydro-cyclone with the set in service. Individual isolation valve shall be provided for
each hydro-cyclone for this purpose. The hydro-cyclone shall be of proven design
and shall be provided with replaceable rubber lining. The hydro-cyclone shall be
provided with replaceable rubber lining of thickness 12 mm for the feed chamber and
12 mm for the overflow launder.. The liners shall have a minimum wear life of not
less than 7000 hrs.

All parts of the mill including mill bady, trunnion, hydro-cyclones, integral pipes, mill
circuit pumps and other parts in contact with limestone slurry shall be provided with
replaceable rubber wear liners. The wear liners or wear parts shall have a minimum
guaranteed wear life of not less than 8000 hrs without reversal of the liners. The
guaranteed capacity and fineness of the mill shall not be affeclted within the
guaranleed life of the mil wear parts.

The material of the balls shall be chosen to ensure that the balls do not lose their
original shape and to ensure minimum ball consumption. The contractor shall also
guarantee ball consumption per ton of limestone throughput. The contractor shall
furnish the minimum ball diameter below which the balls shall be replaced.

Facility shall be provided for on-load loading of steel balls to the mill.

The ball mill shall be driven by a motor through a peripheral gear/ central drive
system. An auxiliary motor shall also be provided for inching of mills after trip and
during maintenance.

The lube oil system shall have 100% stand-by arrangement for lube oil pumps and
oil coolers of each circuit with independent pump / coaler. Wherever required duplex
oil filters shall be provided.

The mill auxiliaries like separator tanks, mill circuit pump, h}(:ir&cyclor\es and all
connecling pipes handling limestone slurry shall have rep!?}fea (] rubtﬁr I\nlngs

[

|l @

\EAS S/
\ ; e ki I-..:.;/
LOT-AA PROJECTS TECHNICAL SPECIFICATION de}” g W N 4
CGAS DESULPFHURISATION (FGDY) SECTION-VI SUB-SECT! lDN |-M1 PAGE 23 OF 51
SYSTEM PACKAGE BID DOCUMENT NO.: CS-0011-109{1A)- [(FGD)

2161

Page 187 of 369




CLAUSE NO.

TECHNICAL REQUIREMENTS v ddidl
NTPC

6.06.00

6.06.01

6.06.02

6.06.03

6.06.04

6.07.00

6.07.01

6.07.02

6.07.03

6.07.04

Limestone Slurry Preparation / Storage Tank

The contractor shall provide two (2 nos.) slurry storage tank, common for all mills.
Each fank shall be sized to meet 12 hours continuous limestone requirement of all
the units operating at Design point. For tank volume calculation, solid concentration
(by weight) in the slurry shall be assumed, not more than 20% or aclual required
whichever is lower.

The slorage tanks shall be equipped with sufficient number of agitators, to avoid
settling of limestone, as per the proven practice of the supplier. The agitators shall
be designed to meet the requirements stipulated in Cl. No. 11.00.00 of this Sub-
Section,

The limestone mill circulation tanks shall be installed indoor beneath the hydro
cyclone stations. The slurry storage tank shall be located outdoor.

The slurry preparation tank shall be CS construction with replaceable
chlorobutyl/bromobuty! rubber lining of minimum 5 mm thickness.

Limestone Slurry Supply Pumps & Piping
2x100% centrifugal type limestone slurry pump shall be provided for each unit. Each

limestone slurry pump shall be sized to supply the limestone requirement of one (1
no.) unit, under the following conditions all cccurring together.

(i) Load Design point

(ii) Flow 110% of ene absorber requirement with the limestone
requirement at Design point.

(i) Head As per system requirement.

(iv) Margins Flow 10% (minimum)
Heads 15% (minimum)

(v) Solids Max. 30% by weight or actual as per suppliers
Concentration practice, whichever is minimum,.

The limestone slurry pumps shall be designed to meet the requirements stipulated in
Cl. No.8.00.00. of this Sub-Section.

The limestone slurry pipes shall be sized to minimize erosion and avoid settling of
the limestone at part load operation. The slurry pipes  shall be lined with
replaceable wear resistant natural rubber lining of minimum 10 mm thickness.
Additional thickness of 2 mm in rubber lining shall be provided at bends.

Automatie flushing equipment for all lime slurry pumps:

nd plpes shalwx
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7.00.00 GYPSUM DEWATERING SYSTEM

7.01.00 A common gypsum dewatering system for all the units operating at Design point is
envisaged. Contractor shall supply a two stage gypsum dewatering system,
consisting of a primary stage of sets of hydro-cyclones and secondary stage of
vacuum belt filters for dewatering of gypsum from absorber up to less than 10%
moisture. All the equipments supplied shall be proven design with previous
installations for similar capacities.

7.02.00 The Contractor shall provide 2x100% gypsum dewatering system with each stream
sized to dewater 110% of the maximum gypsum produced by all the units operating
at Design point. All other stipulations with respect to sizing and design of the
dewatering system, auxiliaries and other systems shall be in line with this

specification.
7.03.00 Primary Dewatering Hydro-cyclones
7.03.01 Each set of primary dewatering hydro-cyclone shall be sized to dewater the gypsum

slurry produced by the unit operating at Design point with an additional 10% margin,
The outlet water content in the gypsum shall be as per the requirement of the
vacuum belt filters.

7.03.02 Each set of primary hydro-cyclone shall be provided with 10% spare hydro-cyclones.
The capacity defined in the previous clause shall be met with spare hydro-cyclones
out of service.

7.03.03 The primary hydro-cyclone shall be installed directly above the belt filters. The
overflow of the hydro-cyclones shall be taken to Hydro-cyclone Waste Water tank
via secondary hydro-cyclone feed tank and secondary waste water hydrocyclone as
shown in the relevant tender drawing.

7.03.04 Hydro-cyclones shall be of modular construction. It shall be possible to remove and
replace individual hydro-cyclone with the set in service. Individual isolation valve
shall be provided for each hydro-cyclone for this purpose.

7.03.05 The hydro-cyclone shall be of proven design. The primary hydro-cyclone shall be
made up of polyurethane or urethane materials. It shall be possible (o remove and
replace individual hydro-cyclone with the set in service. Individual isolation valve
shall be provided for each hydro-cyclone for this purpose. The feed chamber shall
be provided with a minimum rubber lining thickness of 12mm. The liners shall have
a minimum wear life of not less than 7000 hrs.

7.04.00 Vacuum Belt Filters

7.04.01 Each vacuum belt filter shall be sized to meet the following requirements, all
occurring together, with an inlet solid concentration of not more lhan 45%:0r outlet of
hydro-cyclones whichever is minimum: ,f e

Fioan ‘t,//,
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7.04.02

7.04.03

7.04.04

7.04.05

7.04.06

7.04.07

7.04.08

7.04.03

7.04.04

a. Capeity 110% of gypsum produced by Absorbers of all
the units operating at Design point.

b. Outlet Moisture 10% max.
c. Gypsum Purity 90% (minimum)

d. Chloride content < 100 ppm

The vacuum belt filter shall be proven design in operation for similar capacities. The
fiter cloth shall be polyester or polypropylene as per the proven design of the
supplier and shall be guaranteed for a minimum life of not less than 7000 hrs.

The complete frame of the filter and all parts in contact with gypsum shall be made of
corrosion resistant material or shall be provided with corrosion resistant liners of
proven design.

In case, the contractor offers a design with an underlying belt for carrying the filter
cloth, the same shall be endless, factory vulcanized rubber belts. The belt shrouds
and the sealing belts shall provide a leak tight arrangement to prevent overflow of
gypsum slurry. The sealing belt shall have minimum life of not less than 7000 hrs.

The vacuum box shall ensure tight sealing with the belt/cloth and shall be of proven
design.

The belt filter shall have an automatic cloth tracking mechanism and shall be
provided with all required instrurmentation as per the supplier's proven practice. The
bell filter shall have an automatic cloth tensioning mechanism.

The filter shall be provided with minimum 2 stages of cake washing for removing
impurities in the gypsum. For cake washing only clarified water shall be used. For
this purpose, one (1) clarified water storage tank (minimum 1 hr storage) shall be
provided along with 2x100 cake washing pumps for each Vacuum Belt Filter . One
stage of cloth washing arrangement shall also be provided along with 2x100 cloth
washing pumps for each Vacuum Belt Filler.

The filtrate from gypsum siurry and from cake washing shall be taken to a common
or separate vacuum receiver tank(s) as per the proven practice of the supplier. Each
belt filter shall have an independent vacuum pump.

Gypsum cake from each bell filter shall be discharged through a hopper onto belt
conveyor being provided by the Employer.

A2 m (min.) W|de platform shall be prowded around each belt filter_ far easy
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of the belt shall also be provided,

7.05.00 Vacuum System

7.05.01 The filtrate from each belt filter, cake washing & cloth washing shall be taken to a
common or separate receiver tank(s) as per the supplier's proven practice.

7.05.02 Each belt filter shall be provided with an independent vacuum pump sized to meet
the requirements of the belt filter operating at its maximum capacity. An additional
margin of 10% (min.) over the above capacity shall be provided for each vacuum
pump.

7.05.03 The vacuum pump shall be of low speed liquid ring type of proven design. The
design of the vacuum pumps shall avoid cavitations under all operating conditions.
The seals shall be of proven design.

7.05.04 Silencers shall be provided, if required, to limit the noise level to values stipulated
elsewhere in this specification.

7.05.05 The vacuum receiver and pump internals shall be suitably lined to protect against
the corrosive environment. The material selecled for vacuum pumps & vacuum
receivers shall be proven for similar application.

7.05.06 Each vacuum receiver tank(s) shall be provided with slide plate type pneumatic
vacuum breaker. The plate shall be stainless steel with a min. thickness of 3 mm.

7.06.00 Filtrate System

7.08.01 Water from vacuum receiver tank(s) and the secondary waste water hydrocyclone
underflow shall be taken to a common filtrate tank for recirculation to the absorber
tanks.

7.06.02 2x100% horizontal centrifugal pumps shall be provided for recirculation of filtrate
water to absorber. 2x100% horizontal centrifugal pumps shall be provided for wash
water requirements of belt filter. Alternatively, wash water pump may take suction
from the vacuums receiver tanks. Each pump shall be provided with 100% standby
in such a case.

7.06.03 The pump shall be capable of pumping of filtrate water with solid concentration of
not less than 10% & particle lumps of 6-7mm. A 10% margin shall be provided in
each of the pump.

7.07.00 Waste Water System

7.07.01 The overflow of the primary hydro-cyclones shall be taken toc a secondary
hydrocyclone feed tank for feeding the secondary waste water hydro-cyclones.

7.07.02 The secondary hydrocyclone feed tank shall be sized to pr‘ovkﬁa mfnim‘L\Jm storage
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7.07.03

7.07.04

7.07.05

7.07.06

7.07.07

7.07.07

of 1 hr of primary hydre-cyclone overflow with all the units operating at Design Point
and no outflow from the tank.

2x100% horizontal centrifugal pumps shall be provided to feed the secondary hydro-
cyclones.

Each sel of hydro-cyclone shall be sized to process the maximum discharge from
the secondary hydro-cyclone feed pumps. A minimum 10% spare hydro-cyclones
shall be provided in each set. Secondary Hydro-cyclones shall be of modular
construction and of proven design. The secondary hydro-cyclone shall be made up
of polyurethane or urethane materials. It shall be possible to remove and replace
individual hydro-cyclone with the set in service. Individual isolation valve shall be
provided for each hydro-cyclone for this purpose.

The secondary waste water underflow shall be taken to the adequately sized filtrate
tank, while the overflow shall be taken to a waste water Tank,

1x100% Waste water tank shall be provided (in projects where separate Zero Liquid
Discharge system for waste water treatment is not in the scope of the contractor)
which shall be sized for 8 hrs storage of waste water with all the units operating at
Design point and no out flow from the tank. The Waste water Tank shall be complete
with Agitator, level transmitters etec. The waste water collection tank shall be of Steel
construction with rubber lining.  2x100% horizontal centrifugal pumps shall be
provided for pumping the waste water from waste water tank at required pressure to
waste waler lenminal puint as indicaled in Sub-section IV, Part A, Section VI of the
Technical Specification. The material of Casing and impeller shall be rubber lined
Cast Iron (15:210 Gr FG260). Shaft and Shaft Sleeves shall be Stainless Steel-410.

All piping, valves & instrumentation upto the employer’s terminal point shall be in the
contractor's scope. Contractor shall provide the complete lime dosing system (in projects
where separate Zero Liquid Discharge system for waste water treatment is not in the
scope of the contractor) to correct the pH of the waste water by lime (83% purity) dosing
shall be provided and after mixing of the effluent (using re-circulation system of the
pumping system), the effluent shall be discharged once the waste water has been
neutralized to desired pH. A pH monitor shall be provided at the discharge of the
pumps for measurement and control. Complete lime storage, feeding & dosing
system shall be in contractor scope. The complete waste water neutralization system
shall be automated and controlled from the control room.

Contractor shall provide 2x 100% Lime Neutralization tanks (in projects where
separate Zero Liquid Discharge system for waste water treatment is not in the scope
of the contractor) which shall be of minimum 8 hr capacity made of carbon steel with
rubber lining along with 2x100% Lime storage silos. The tanks shall be provided with
SS dissolving basket, Agitator of SS construction, drain, over flow and dosing
connection, level transmitters, Agitators etc. The storage silos and hopper cones
shall be fabricated of minimum 10 mm thick carbon steel with a SS lining of grade
SS304 of minimum 4 mm thickness in the complete cones to ensure reliz
discharge of material. The design of storage silos shall confirm_to 1S
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7.07.09

7.07.10

7.07.10

7.08.00

7.08.01

7.08.02

7.08.03

7.08.04

7.08.05

7.08.06

8.00.00

'ET'F\\

other proven international sltandards. The storage silo shall be capable of feeding
the lime by motorized rotary feeding system to the Lime Neutralization tank.

Contractor shall provide 2x 100% Lime Storage Silos (in projects where separate
Zero Liquid Discharge system for waste water treatment is not in the scope of the
contractor) for feeding lime to the Lime Neutralization tanks. The lime storage silo
shall be of minimum 24 hr capacity equivalent ta the requirements of FGD system of
2X800 MW at Design point and shall be complete with supporting steel structure,
platforms, power operated outlet gates, level switches, air relief devices, etc.. For
dust free operation each silo should be provided with a covering arrangement and a
self cleaning bag filter system of suitable capacity containing blower, automatic/on-
load cleaning system, elc.

Bucket conveyors shall be pravided by the contractor to feed lime to each of the lime
storage silos from ground level. The Bucket conveyors shall be sized to completely
feed each lime silo within 2hrs. Adequate slorage and feeding system required for
feeding the lime to the Bucket conveyors is also in the Contractor's scope.

A storage room for storing minimum one (1) month requirement of lime for all the
units shall also be provided by the contractor.

Auxiliary Absorbent Tank

The Contractor shall provide an auxiliary absorbent tank, for the unit, sized to
contain the complete slurry of one absorber tank at its maximum level equipped with
all necessary pumps, valves, piping and controls to transfer the tank's contents back
to the absorber to refill the absorber sump It should be possible to discharge the
each absorber into the emergency drain tank within 2 hours.

The contractor shall provide 2 x100% pump to pump back the slurry from the sump
back to the absaorber in a maximum time of 8 hours.

Agitation shall be provided to prevent settlement of slurry by side entry agitators with
emergency flush start system. Sufficient number of agitators shall be provided in the
tank by the contractor to prevent the solids from settling down.

The Auxiliary Absorbent tank shall be made of minimum 7 mm thick carbon steel
with minimum 4 mm thick rubber lining of best quality bromine butyl rubber and shall
also be equipped with all necessary pumps, valves, piping and controls to transfer
the tank's contents back to the absorber.

The Auxiliary Absorbent tank shall be equipped with an opening to enable easy entry
of a man with wheelbarrow.

Coarse-screen(s) of suitable material at suction-side of the pumps shall be provided.

SLURRY PUMPS

.
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8.01.00

8.02.00

8.03.00

8.04.00

8.05.00

8.06.00

8.07.00

8.08.00

8.09.00

9.10.00

9.00.00
9.01.00

This Clause covers the design, manufacture and erection of all slurry pumps for the
FGD system including the Absorber slurry recirculation pumps, Gypsum bleed
pumps, Limestone slurry feed pumps, Mill circuit pumps and any other pump
handling slurries,

The Contractor shall offer only proven design in successful operation in similar
application at previous installations. The design, manufacture, installation and
testing of the pumps shall follow the latest applicable Indian / International (ASME /
EN / Japanese) Standards.

The pumps shall be designed for continucus operation. The pump shall be single
stage centrifugal type capable of delivering the rated flow at rated head with margins
as specified in the respective clauses. The slurry concentration in the pump shall not
exceed 30% by weight except for Mill circuit slurry pumps for which the slurry
coneentration in the pump shall not exceed 55% by weight.

All the slurry pumps shall be provided with motorized suction and discharge valves.
In addition, flushing water lines with motorized valves shall be provided for each
pump for automatic flushing of the pump after each shut down. The flushing water
for the pumps shall be taken form the process water supply

The pump casing should be radially split to allow easy removal of impeller.

All the pump wear parts in contact with the slurry shall be provided with replaceable
rubber/elastomer liners suitable for the fluld handled. The Bidder can also offer an hi
chrome alloy line pump if the Bidder has previous experience of the same for similar
applications. The malerial used by the contractor shall be proven in previous
installations.

For absorber recirculation service a Silicon carbide impeller and SiC lining for casing
can also be accepted if the manufacturer has supplied a similar pump for a previous
installation for similar service.

The material and thickness of the liners shall ensure a minimum service life of 2
years before replacement. All the wear parts of the pump shall be guaranteed for a
minimum wear life of not less than 14000 hrs.

The design of the shaft shall ensure that the operating speed is at least 20% above
the critical speed of the shaft.

The pump shall be provided with seals of proven type and shall be designed for
minimization of seal water consumption. The shaft shall be supported on heavy duty
ball/roller bearings.

VERTICAL SUMP PUMPS

Contractor shall provide sumps of adequate capacily in the each absar
limestone grinding area and gypsum dewatering area for taming the

[ el cn.
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9.02.00

9.03.00

9.04.00

9.05.00

9.06.00

10.00.00
10.01.00

11.00.00

11.01.00

from the respective systems. Contractor shall make arrangements for pumping the
drainage water back to the respective system with verticai sump pumps. Agitalors
shall also be provided to avoid seltling of solids in the sump. Adequate redundancy
in line with the standard practice adopted by the bidder shall be provided. This
Clause covers the design, manufacture and erection of all vertical sump pumps for
the FGD system.

The contractor shall offer only proven design in successful operation in similar
application at previous installations. The design, manufacture, installation and
testing of the pumps shall follow the latest applicable Indian / International (ASME /
EN / Japanese) Standards.

The pumps shall be designed for continuous operation. The pump shall be single
stage centrifugal type with semi open or open impeller. The pump impeller shall be
cantilever type and shall not be supported below the base plate for easy withdrawal.

The pump shall deliver the rated flow at rated head with margins as specified in the
respective clauses. The pump shall be capable of pumping of filtrate water with solid
concentration upto 10% & particle lumps of 6-7mm. Sump pumps handling slurry
shall be designed with a maximum concentration of 30% solid by weight.

The material chosen for the pump components shall be suitable for the fluid handled
and shall be proven in similar application.

The pumps shall nol be supported below the base plate level for easy withdrawal
without entering the sump.

SLURRY & PROCESS WATER TANKS

All the slurry tanks (Slurry Tanks, Filtrate Tank, Secondary hydro cyclone feed tank,
vacuum receiver tank, Waste water Tank, Lime Neutralization tanks etc.) shall be
designed, fabricated, erected and tested in accordance with the 1S:803, latest
edition. Additional Corrosion allowance of 3mm on the minimum tank shell thickness
as calculated by 1S:803, lates! edition shall be provided by the Contractor. Tanks
shall be made from 1S:2062 quality mild steel plates of tested

) , , ~ The Tanks shall be
provided with drain, manholes, over flow & inlet level control valves etc. Coarse-
screen(s) at suction-side of these pumps shall be provided.

AGITATORS

Agitators shall be supplied in tanks and vessels to prevent caking and settement of
particles out of the slurry, e.g. in the absorber vessel, limestone mill recycle tanks,
limestone slurry tank, Auxiliary Absorbent tank, and sumps etc

All agitators shall be designed for continuous operation unfeas ((herwuje specified.
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Horizontal agitators shall be used for Absorber. Vertical agitators can also be used
for Absorber, if it is only the standard & proven practice of the Contractor for the
offered Absorber design. In other vessels and tanks vertical agitators are also
acceplable if they are of proven make and the Bidders standard practice which can
be proven by means of suitable references. The design of the agitators shall be of
proven type.

11.03.00 Standard type agitators with suitable characteristics shall be used wherever
practical. The agitators shall be complete with motor, gearbox, agitator shaft,
coupling, safety guards, mechanical seal (for side entry agitators), impeller, support
legs, agitator mounting flange including bolts nuts and gasket etc.

11.04.00 All agitator parts and accessories in contact with the stirred fluid shall be constructed
of materials specifically designed for the conditions and nature of the stirred fluid and
be resistant to erosion and corrosion.

11.05.00 The material for the shaft (which is continuously in contact with slurry) and agitator blades
of the Absorber Agitators shall be made with Alloy 926 or better material. For Agitators in
other tanks, agitator blades shall be made with Alloy 926 or better material & shaft can be
rubber lined. This does not release the Contractor of the responsibility for selecting the
correct materials.

11.06.00 Each agitator and its associaled equipment shall be arranged in such a manner as to
permit easy access for operation, maintenance and agitator removal without
interrupting plant operation. It shall be possible to remove the sealing devices of the
Agitators of the absorber vessel without having to drain completely the absorber.

11.07.00 To prevent mechanical blocking load start-up after standstill of pumps, piping and
agitators for slurries shall be applied with C-hose connection.

11.08.00 Lifting lugs and eyes and other special tackle shall be provided as necessary to
permit easy handling of the agitators and their components.

11.09.00 Static and dynamic (as far as applicable) balancing of all agitators shall be carried
out after assembly.

11.10.00 All agitator parts and components shall be designed and calculated for fatigue life,
considering maximum bending loads, induced by fluctuating hydraulic forces and
torsional loads, based on the installed motor power. For side entry agitators the
alternating bending moment resulting from impeller and shaft weight has to be
considered additionally.

11.11.00 All exposed moving parts shall be covered by guards.
11.12.00 Side entry agitator shall be flange mounted.

11.13.00 The shape of the impeller blades of side entry agitators shall be designed to avoid
wear on the impellers which will affect the agitator perfformance as specified for a
minimum period of 2 years of continuous operation under design conditions for the
range of coal & limestone specified in the specification. In order to avoid excessive
wear impeller tip speeds must not exceed 12 m/s.

11.14.00 Belt drives (if applied) shall be properly designed to prowde a minimum lifetime of 2
years under design conditions @“BH"Q‘,
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12.00.00

12.01.00

12.02.00

12.03.00

12.04.00

12.05.00

13.00.00

13.01.00

13.02.00

SLURRY LINES AND VALVES

Slurry pipes shall be designed to keep the velocity above the settling velocity under
all operating conditions. The contractor may provide a recirculation line with
motorized isolation valve for the above purpose.

All the pipes handling slurry shall be provided with replaceable rubber lining of
proven quality. The Contractor can provide slurry pipes of size lower than 3" made
up of FRP material (silicon carbide coating on slurry exposed surface) if it has
previous experience of providing the same.

The isalation valves provided in all the slurry lines shall be of knife gate type/butterfly
type unless specifically mentioned. Motorized actuators shall be provided for valves
requiring frequent operation as indicated in the relevant scheme.

The valves shall be of proven type and the contractor shall submit a detailed valve
schedule for employer's approval. Reference list for previous installations for similar
application shall also be furnished to the employer.

Bidder shall provide all necessary arrangements for purging & flushing of all the
process pipelines, equipments etc.

PROCESS WATER STORAGE TANKS & PUMPS

Two (2) Process waler Slorage tanks (each tank catering lo the requirements of all
the units operating at Design Point) along with two numbers of 2x100 % Booster
water pumps, if required, (Each pump catering to the process water requirements of
all the units operating at Design Paint) along with all necessary piping, valves,
control & instrumentation to feed the clarified water shall be provided by the
Contractor.  Process water Storage level shall be automatically controlled at
operating level by controlling the water flow from the makeup water from terminal
point. The process water storage tank shall be designed to store 15 minutes of total
maximum water required for the entire FGD process (including absorber system and
mist eliminator washing system, limestone grinding and slurry preparation system
and gypsum dewatering system, etc.) for the units operating at Design point. All the
process water storage tanks shall be designed, fabricated, erected and tested in
accordance with the 1S:803, latest edition. Additional Corrosion allowance of 1.50
mm on the minimum tank shell thickness as calculated by 1S:803, latest edition shall
bhe provided by the bidder. Tanks shall be made from 1S:2062 quality mild steel
plates of tested quality. The tank shall receive water supplied (as identified in
Subsection titled “Terminal points” in Part-A of Technical Specification) by Employer.,
The Tanks shall be provided with drain, manholes, over flow & inlet level control
valves etc.

F _E!Cté.d ‘to each of

2x100% Process Water Pumps shall be provided for each u'r.),irt‘ y Mected:t
: _.-v'a-hfe!s_",:‘_.#ontrol &
& J &l

the Process water Storage tanks along with all necessaryﬁipi
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13.03.00

13.03.04

13.03.05

13.03.06

13.03.07

14.00.00

instrumentation. Each pump catering to process water requirement of one unit. The
capacity of the pumps shall be such that it shall meet the maximum process water
requirement of each unit. A further 10% margin shall be provided over the above
capacity for all the above pumps.

2x100% Mist Eliminator Wash Water Pump for each unit connected to each of the
Process water Storage tanks along with all necessary piping, valves, control &
instrumentation shall be provided by the Contractor. Alternatively, Contractor can
use process water pumps for mist eliminator washing if it is the standard & proven
practice of the Contractor or its Technology Collaborator. Each pump shall cater to
maximurn mist washing requirement of one unit. The capacity of the pumps shall be
such that the total capacity of working pumps is sufficient to meet the maximum
wash water requirements of mist eliminators of the absorber. A further 10% margin
shall be provided over the above capacity for all the above pumps.

Two (2) clarified water Storage tanks along with two numbers of 2x100 % clarified
Booster water pumps from terminal point shall be provided by the Contractor. The
two tanks shall be interconnected with an isolation valve.

2x100% clarified water Pumps connected to each of the clarified water Storage
tanks for each dewatering stream. Each pump catering to clarified water requirement
of each dewatering stream.

The type of pumps shall be horizontal centrifugal type designed for continuous
operation with semi open or closed impeller. Casing, Gland and Stuffing Box shall be
of 2.5 Ni Cast Iron to 1S:210 Grade FG 260 or equivalent. Impeller, Wearing rings
(as applicable) shall be of Stainless Steel -316 grade and Shaft & Shaft sleeves shall
be of SS-410 grade. Pump re-circulation line shall be provided for pumping system.
Pumps shall be provided with accessories such as Y-type suction sirainers,
Coupling guard, drain plugs, vent valves etc.

All the Process water tanks (Process water Storage tanks, Clarified water tank,
Emergency water storage tanks etc.) shall be designed, fabricated, erected and
tested in accordance with the 1S:803, latest edition. Additional Corrosion allowance
of 3mm on the minimum tank shell thickness as calculated by 1S:803, latest edition
shall be provided by the Contractor. Tanks shall be made from 15:2062 quality mild
steel plates of tested quality. The tanks shall be of welded construction.

The Tanks shall be provided with drain, manholes, over flow & inlet level
control valves elc.

APPROACH and Handling Facilities
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14.01.00

14.02.00

14.03.00

14.04.00

14.05.00

14.06.00

14.07.00

14.08.00

14.08.00

14.10.00

Proper approach shall be provided for access to all equipments during normal
operation and maintenance. Unless otherwise specified, platforms, staircase and
ladders shall follow the stipulations specified elsewhere in this specification.

Equipments requiring monitoring during regular operation shall be approachable
from the ground floor through staircase. Staircase with minimum width of 1200 mm
shall be provided for approach to elevated structures at 5m height from the nearest
platform. Below this height a vertical ladder with minimum clear width of 600 mm
may also be acceptable.

Platform with a minimum clear width of 1000 mm shall be provided all around the
lowest absorber spray levels and mist eleminators. Similar platforms shall be
provided at subsequent elevations if they are more than 3000 mm apart from each
other. An adequately sized manhole with platform (min. 2 sq. m) shall be provided
above each spray level. Ladders/staircase shall be provided for the access to the
platform.

The absorber slurry recirculation pumps, gypsum bleed pumps and limestone feed
pumps shall be mounted on the ground level. Suitable approach and platforms shall
be provided for all the valves required during regular operation.

A 1500 mm space shall be provided around all pumps, except absorber recirculation
pumps, where a 2000 mm space shall be provided.

Platform with a minimum width of 1500 mm shall be provided all around the
pulverizers and feeders. Approach along with suitable platfarms shall be provided for
ball loading hoppers.

A 1000 mm wide platform with suitable approach shall be provided around each
hydro-cyclone.

A 2000 mm wide floor/platform shall be provided all around each belt filter.

Contractor shall provide motorized hoists and trolleys for all items requiring
maintenance and weighing 500 kg or more. All auxiliary structures, monorails,
runway beams for all lifting tackles, hoists etc., are included in Contractor's scope of
supply. Access ladders with suitable platform shall also be provided for approach to
all matorized hoists/tralleys mounted on their runway beams for the maintenance of
hoists/trolleys. ltems weighing more than 50 kg and required to be replaced for
maintenance shall be provided with manual hoists/trolleys with runway
beams/supporting structure etc.

The regular basement floor is not acceptable in FGD . area. Further local
Pits/trenches shall be avoided as far as possible. 7
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14.11.00

14.12.00

14.13.00

14.14.00

14.15.00

14.16.00

14.17.00

15.00.00

156.01.00

Handling arrangement of milling system, Booster fans, Slurry recirculation pumps,
oxidation blower, belt feeder system etc. complete with crane/monarail along with
removal space for maintenance shall be provided by the Contractor.

Approach for removal of equipment for maintenance shall be provided,

All other safety requirements as per the Factories Act, National Electricity code shall
be complied with while developing Layout.

Cable trenches/slits, if unavoidable, shall be provided with adequate cushioning of
sand and the same shall be covered with PCC.

Each Equipment room shall be provided with alternate exits in case of fire/accidents
as per requirements of Factories Act and Statutory bodies/insurance companies.

Minimum Headroom (free height) under all floors, ducts, walkways and stairs shall
be 2.50 M.

Inter-connecting pipes/cables between various facilities of FGD plant shall be routed
on the steel trestles to be provided by the Contractor. The clear head room for the
same shall be minimum 8 M.

ELEVATORS

Elevators shall be designed based on following criteria .

(i) Type of service One (1) no. Passenger cum goods
elevator per Absorber & for Mill Building

(ii) Design/construction/installation (a) Latest edition of IS:14665 (All parts)
codes AND also meeting any additional
requirements of 1S:4666, 1S:1860

and 1S:3534.

(b) Any other equivalent code, subject
to Employer's approval.Load
carrying capacity

(iii) 1000 kg (minimum).
(iv) Rated speed 1.0 m/s.

(v) Total Travel As per FGD _-—supplier's
recommendations subjgg :

i

(5[ S=.)3) %)
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(vi)  Number of floors to be served As per requirement and subject to
Employer's approval

(vii) Entrance As per requirement and subject to
Employer's approval

(viiy Entrance and platform size As per design/installation codes at (ii)
above

(ix)  Drive/motar As per Electrical Specifications.

(x)  Method of control As per Electrical Specifications.

(xi) Machine room and lift Shaft Pressurized dust proof or

Airconditioned machine room as per the
requirement of lift manufacturers.

(xii) Position of machine room Directly above the lift shaft.
(xiii) Power Supply As detailed in Electrical Specification
156.02.00 Landing doors of the elevators shall have fire resistance of at least one hour. These

doors shall also be smoke tight as far as possible.

15.03.00 Construction of the elevators shall specifically meet all requirements of the codes
indicated at Cl. 15.01.00 (i) and shall have following additional features:

(i) Flooring of Cabin ;6 mm thick Checkered Plate flooring.

(ii) Design, Consltruction : Carinside enclosure including inner side of door
and finish of car & shall be of stainless steel plate of grade 55:304
car door of bright finish.

(iii) Car entrance and ©  As per BS:476 (Part 20 & 22)

landing doors

(iv) Door construction . Hollow metal construction from 16 guage thick
steel sheet spray painted.

(v) Signals . Car position informer in car both visual and audio,
hall position indicator at all floors, telltale lights at
all floors, battery operated alarm “bell and
emergency light with suitable (pa#teéry, charger &

i el

controls. 2\
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(vi)  Typeof Indicators : Soft touch keys and digital luminous display in car
operating panel and on all floors landings.
(All fixtures in stainless steel face plates).
15.04.00 Technical requirements of Electrical items shall be as per details given in Electrical

Sub-Section, Part-B.

15.05.00 Provide sound reducing material below machines in machine room.

15.06.00 Provide special corrosion resistant treatment on all elevator components. The
protective treatment shall be subject to Employer's approval.

15.07.00 Elevators shall have provisions to meet following operational requirements:

(1) Selective collective, automatic operation with or without operator through
illuminated push button station located inside the lift car.

(i) Fower operated with automatic opening/closing car and landing doors.

(iii) Two push buttons, one for upward movement and the other for downward
movement at each intermediate landing, and one push button at each
terminal landing shall be provided in order to call the car.

(iv)  Push buttons shall be fixed in the car for holding the doors open for any
length of the time required.

15.08.00 Fireman's switch shall be provided for each elevator.
16.00.00 DUCT WORK AND DAMPERS :

16.01.00 Duct Work

16.01.01 Sizing Criteria :

1. Allowable velocities in the duct work.

Maximum gas velocity shall be 15 m/sec at Design point condition.
16.01.02 Loads for Duct and Structure Design

The duct design shall take into account following loads all occurring together:

1. Wind loads as specified.

2. Dead weight including weight of insulation, liningffwa'_s_h water an'-

live load. L RN SN A
V& = %
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3. Ashload:
All ducts to be designed for one tenth of duct full of ash. The ash density for
the purpose of loading shall be at least 1300 kg/nr.
4.  Expansion joint reaction.
o. Seismic Load
6. The following minimum load factors shall be applied to the design loads:
Temperature (Deqg.C) : 27 38 .98 149 205 260 316 321
Load Factor B o1 5 0 [ 11 S W S i 1.28 129 134 14
2
16.01.03 Duct Design Pressure
All flue gas ducts shall also be designed for + 660 mm w.g., or maximum
conceivable pressure of the relevant fans, whichever is higher at 67% of yield
strength of material
16.01.04 Duct Slope
All ducts shall have a sufficient slope with respect to horizontal so that any chance of
accumulation of ash particles or water in the duct can be avoided under all
normal/abnormal operating conditions. The inlet duct shall be sloped towards the
absorber,
16.01.05 Type of duct construction:

The duct shall be of rectangular cross-section and shall be of all welded
construction. For rectangular ducts following requirements shall be complied with:

a) Minimum 7 mm thick steel plates for gas ducts & Duct stiffening shall be by
means of rolled sections of duct material.

b) A corrosion allowance of 1.5 mm shall be considered for stress calculation
for the flue gas ducting.

c) Duct stiffening shall be by means of rolled sections. No internal stiffeners
shall be used for ducts from Absorber outlet to chimney jplet.
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16.01.06 Insulation & Lagging

a) Thermal insulation shall be applied to all air/gas ducts to comply with the
requirements of as specified at clause no 18.00.00 of this chapter.

b) Acoustic insulation shall be used, if required, in gas ducts to restrict the noise
level to specified values.

16.01.07 Specific Requirements

a) The stiffeners provided on the ducts walls shall be of such a design and
layout that no rainwater can accumulate on the duct surfaces.

b) The flanges al the bolted joints shall have adequate stiffeners to avoid
damages to the flanges.

c) All necessary wall boxes and floor collars shall be provided where the
ductwork pass through walls, floor and roof.

d) The floor collars shall be fitted with a high combing to prevent water and dust
falling through the hole.

e) The ductwork shall be fitted with a steel hood to cover the opening.

f) Weatherproof flashing shall also be provided wherever necessary.

a) The configuration and design of ducts shall be coordinated with the
pulveriser parts removal requirement.

h) Air and gas ducts shall not counter intemal bracings, which cause excessive
pressure drop.

i) Duct plates shall be designed for one-way beam action over stiffeners and
considered fully continuous aver all supports.

1) Bidder to ensure proper draining facilities for the complete system including
proper drainage of acidic fluids from the ducls so as to avoid any
accumulation of acidic fluids.

k) The deflection of the plate, assumed continuous, shall be less than one-half
the plate thickness.

16.01.08 Duct Work Structure

a) Ductwork sections belween expansion joints shall be investigaled wi
to their ability to transmit loads to supports. Carg :shall-be
identify uplift condition. (g N\ /S

- i L\ 2
| \ ‘E’}‘
LOT-0A PFROJECTS TECHNICAL SPECIFICATION ?AR?E-_Q.. J N
VLUE GAS DESULPIHURISATION (FGD) SECTION-VI SUB-SECTION--M1 PAGE 40 OF 51
SYSTEM PACKAGE BID DOCUMENT NO.: C5-0011-109(1A)-2 (FGD)

2178

Page 204 of 369



CLAUSE NO.

TECHNICAL REQUIREMENTS o g
. NTPC

Internal stiffeners:

(1) Duct shape shall be maintained by providing internal stiffening
elements at or near supports. However, these internal stiffeners shall
be used, if and only if, it is not possible to provide extemal stiffeners.

(i) Internal stiffening elements shall consist of trusses, preferably
comprised of extra-strong steel pipes (min. dia. 76.2 mm) acting in
conjunction with external stiffeners. Such internal stiffeners for the
flue gas duty between boiler and ESP shall be provided with erosion
protection shields.

(iif) The number of internal trusses shall be limited to the minimum
required for structural integrity and shaped so as to offer least
resistance to gas flow and to minimize the accumulation of fly ash in
the bottom of duct.

(Iv) Conceptual data of internal stiffeners of the ducting shall be furnished
along with the offer.

v) All the detailed design data shall be furnished to the Employer before
the duct support column foundation data submission.

Corner angles shall be used on all inside corners of all ducts to provide
adequate continuity.

Inside welds of comer angles to duct plate shall be continuous and seal
welded. Where inside surface of ducts will be coated, welds shall be full
throat.

Field welding and all connections of bracing (stiffening elements) to stiffeners
shall be well designed in order to develop full strength of the members. The
gusset plates shall be of 10 mm minimum thickness.

The duct, plates, trusses, stiffeners, bracings and ductwork shall be designed
as structures in accordance with relevant Indian Standards.

All openings in ducts shall be reinforced for all design loads.

Ductwork supports may be hangers or sliding bearing, guides and
anchorages. A coefficient of sliding friction of 10% can be used with self-
lubricated plates such as "LUBRITE" or "MECHANITE", a coefficienl of
sliding friction of not less than 35% shall be used for steel-on-steel contact.
The allowable bearing stress for self-lubricated plates shall be 70 Kg/sg.cm.
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16.01.09 Fabrication Requirements
a) Fabrication shall be as per IS specification for Design, fabrication and
erection of 'Structural Steel for Building.
b) Welding shall be in accordance with Section IX of ASME code.
c) Ducts shall be strength welded and seal welded to produce a gas tight duct.
Alignment holes shall be provided in mating flange sections.
d) Ducting shall be detailed and fabricated in a few pieces as practical, taking
into account, shipping and erection considerations.
e) Materials improperly detailed or fabricated necessitating extra work during
erection on field, shall be the responsibility of the Contractor.
17.00.00 THERMAL INSULATION AND CLADDING
17.01.00 Thermal Insulation along with aluminum cladding shall be provided for all the

equipments/surfaces having skin temperature more than 60degree Celsius. The
specification of the insulation including type, densily, thickness, heal conductivity
and finish shall be designed based on criteria specified below. The insulation
thickness shall be designed based on following criteria.

Criteria Design Conditions
(i) Ambient Temperature 45°C

(i) Surface wind velocity 0.25 m/sec.

(iii) Emissivity of Aluminium 0.2

(iv) Cladding surface temperature 60°C (max.)

(v)

(vi)

(vii)

o e P

However, the minimum insulation thickness, however; shallnot be Jess‘:\)fn
[ o ff e . i
[ % > -
4

Thermal conductivily of insulation
material

Pipe/Equipment wall temperature
design temperature

Qverall heat transfer coefficient
and insulation thickness

Not less than the Maximum
values as per 1S:8183

Maximurm fluid

To be calculated as per ASTM
C 680-89 P
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17.02.00 Material and application of insulation material, protective cladding, wire mesh elc.
shall be conforming to latest edition of following codes:
(a) 1S:8183
(b) 1S:3677
(c) 1S:3144
(d) 1S: 14164
(e) 1S:280
(f) ASTM-B 209
17.03.00 Insulation material for all equipments, ducling, etc. shall conform to following
requirements:
Parameters Requirement
(i) Material (a) Lightly resin bonded mineral wool of

(if)

(iif)

(b)

Bulk density of lightly resin bonded
mineral rock wool mattresses

(a) For use upto400°C -
(b) For use above 400°C -
Physical requirements -

Following shall be met by testing
as per relevant clauses of 15:3144.

(a) Shot content

best grade conforming to 1S:8183.
(Hand made matiresses is not
acceptable). Material shall be rock
wool only. Slag wool or slag wool
inclusion shall not be accepted.

Lightly resin bonded glass wool
mattress, having density 64 Kag/m?
(min.), self stitched in shop can also
be accepted for temperature less
than 400°C.

100 Kg/m?*

150 Kg/m* / V
(|

\%

5% by weight (maxm.), size of any
shot not to exceed 5 mm in diameter
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(b) Bulk density To comply with 16.03.00(i)) & (ii)
above.

(c) Weight gain by moisture 2% (maxm.)

absorption

(d) Sulphur Content Not exceeding 0.6%

(e) Alkalinity as Not exceeding 0.6%

percentage of Na,O

(f) Maximum oil content Not exceeding 0.3% by weight

(g) Total carbon content Not exceeding 0.3% by weight

(h) Settlement Nil (When tested as per Cl. 21.1 &
21.2 of 18:3144)

(i) Handability Fully handable, without any lump
formation and disintegration of
material

(k) Loss of weight after Not exceeding 5% by weight

combustibility test
17.04.00 The Insulation mattress shall be rated incombustible when tested by the method
prescribed in clause 15 of 1S:3144 and shall meet the requirement of the Mercantile
Marine department, Lloyd's Register of shipping, underwriter, fire hazards codes and
other International standards.
17.05.00 In addition to requirements as mentioned above, insulation material (and protective
covering) shall;
(a) Be fresh, incombustible, rust proof, non hygroscopic,
(b) Be capable of withstanding continuously and without deterioration the
maximum temperature to which they will be subjected.
(c) Not react chemically, either to itself or with other components.
(d) Not sustain any fungi, or vermin and must not pose health hazard;a/@ﬁ%
BN 4 &)
= : - 2 O
18.06.00 The Mineral wool shall: éf( ; S
. 2\ 5
XY
LAYT-IA PROVECTS TECHNICAL SPECIFICATION PART-B
FPLUE GAS DESULPHURISATION (FGD) SECTION-VI| SUB-SECTION-I-M1 PAGE 44 OF 51
SYSTEM PACKAGE BID DOCUMENT NO.: CS-0011-109{1A]-2| (FGOY}
2182

Page 208 of 369



CLAUSE NO.

Adixft

TECHNICAL REQUIREMENTS 7.
NTPG

17.07.00

17.08.00

17.09.00

17.10.00

17.11.00

17.11.01

17.12.00

17.12.01

17.13.00

Pass standard combustibility test both immediately after application and after
subjecled to maximum operating temperature for not less than 100 hrs.

Not suffer permanent deterioration as a result of contact with moisture due to
condensation and shall be free from objectionable odor,

Not cause corrasion of the surface being insulated or of cladding on it under
normal site conditions.

Not suffer any quality deterioration under specified service conditions (both
cold/hot face temp.) of use.

(d)

The use of insulation of finishing materials containing asbestos in any form is not
permitted.

Insulation mattress/section shall be supplied in thickness of 2540,50 and 75 mm.
Insulation of higher thickness shall be made up in multiple layers using
mattress/slabs of thickness specified above. However, if the required thickness is
such that by using above mattress/slabs the calculated thickness is not achieved,
the mattress/slabs in increment of 5 mm shall be acceptable for outer layers. The
min. thickness however, shall not be less than 25 mm and number of layers shall be
minimum and innermost layer shall be thickest.

Sheathing Material

Sheathing material for all insulated surfaces, equipments, piping etc. confirming to
ASTM B-209-1060 temper H-14 or 1S:737 Gr 18000/H2, shall be provided. The
thickness of aluminium sheathing to be used shall be 22 SWG (0.71mm).

Binding and lacing wires shall be 20 SWG Galvanised Stee| wire

All Straps and bands shall be Galvanized Steel. Bands shall be 20 mm wide and 0.6
mm thick. For securing Aluminum sheathing material, stainless steel or anodized
aluminum bends shall be used.

Screws shall be of galvanized steel, check headed, self tapping type. Above 400
degree Celsius temperature, screws shall be stainless steel.

Hexagonal wire mesh netting shall be 10-13 mm aperture and atleast 0.56mm
diameter conforming to following Galvanized Steel wire.

Non metallic components like 3 mm thick mill board, aluminum pigment sealant,
white glass cloth, insulating cement, necprene washer shall be provided.
Application of Insulation l,lx/(/ \ '-..\.

[\ " ; .'_‘.
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17.13.01 General
(a) All surfaces to be insulated shall be cleaned of all foreign materials such as

dirt, grease, rust etc. and shall be dry before the application of insulation.

(b) Before applying the insulation the contractor shall check that all instrument
tapping, clamps, lugs and other connections on the surface to be insulated
have been properly installed as per the relevant erection drawing.

(c) All flanged joints shall be insulated only after the final tightening and testing.

(d) The insulation shall be applied to all surfaces when they are at ambient temp.
Ample provision shall be made for the maximum possible thermal movement
and the insulation shall be applied so as to avoid breaking/telescoping due to
alternate periods of expansion and contraction.

(e) All cracks voids and depressions shall be filled with finishing cement, suitable
for the equipment operating lemp. so as to form a smooth base for the
application of cladding.

17.13.02 All the refractory and insulation materials required for complete field application of
insulation, cladding eic. covered under these documents and specifications shall be
furnished with the equipment. They shall conform to the requirements of the various
relevant IS| standards or other approved equivalents. All items such as insulating
cement, sealing material, insulation material, screws, washers, etc., needed to
complete the work in the course of the application of insulation and refractory shall
be furnished. All insulating materials shall be chemically inert in both the dry and wet
state and shall withstand the full working temperature conditions to which they are
exposed without any deterioration. The gas ducts shall be insulated with mineral
wool block or mineral wool blanket and all other equipment operating at elevated
temp. not enclosed in the boiler casing shall be insulated with calcium silicate
blocks, mineral wool blocks or mineral wool blanket insulation.

17.13.03 Application on Piping
(a) All vertical pipes shall be provided with the suitable insulation supports to

prevent collapsing/crushing of insulation due to its self weight. Support rings
shall be provided on all vertical piping with a difference in elevation of 4
meter or above, and there shall not be mare than 3 m straight length
between support rings.

(b) Longitudinal joints of insulation mattress sections of horizontal piping shall be
on the bottom or at the sides of the pipe. _— -"‘Q,NEMQP
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(d)

(e)

(h)

(i)

0)

(k)

When more than one layer of insulation mattress/section is required on
piping the circumferential joints an adjacent layers shall be staggered by at
least 150 mm and longitudinal joints shall be staggered by at least 50 mm.

The mattress type insulation shall be formed to fit the pipe and applied with
the mattress edges drawn together at the longitudinal joints and secured by
lacing wire. Pipe section insulation shall be fitted on pipe using binding
wires.

Where insulation is applied in two or more layers each layer of matiress shall
be backed with hexagonal wire mesh. For the first layer of insulation and in
case of single layer insulation, hexagonal wire mesh shall be provided on
both the surface of the mattress. For pipe sections, the sections shall be held
in place by binding wires without any wire mesh.

The ends of all wire loops shall be firmly twisted together with pliers, bent
over and carefully pressed into the surface of the insulation. Any gap in the
insulation shall be filled with loose mineral wool or finishing cement.

Insulation mattress/section ends shall be terminated at a sufficient distance
from the flanges to facilitate remaval of bolts.

The insulation shall be held in place by fastening over with binding wire for
insulation surface with diameter upto and including 550 mm and with metal
bends for insulation surfaces with diameter over 550 mm. The fastening shall
be done at intervals of 250 mm except where specified otherwise. The ends
of the hinding wires shall be hooked and embedded in the insulation. The
straps shall be mechanically stretched and fastened with metallic clamping
seals of the same materials as the strap.

Insulation for application on bends and elbows shall be cut into mitred
segments, sufficiently short to form a reasonably smooth internal surface.
After the application of insulation material place, insulating cement shall be
applied as required to obtain a smooth surface.

Weather hoods shall be provided for insulated piping passing through
floors/walls.

All pipe attachments coming on horizontal pipes, inclined pipes and bends
shall be insulated along with pipe such that there will be no insulation applied
to hanger rod and the component connecting hanger rod to pipe attachment.
All pipe attachments exposed to weather shall be provided with weather
proof covering.

Upstream of all drain lines and the lines connected to steam traps, shall be
insulated upto and including first isolating valve for r@a'a'} q@éervaltiom, Rest
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of such lines such as downstream of the drain valves, traps etc. and other
lines such as safety valve discharges, vents, etc. shall be insulated for
personnel protection.

17.13.04 Application on Valves and Fittings

(a)

(c)

(d)
(e)

(f)

All valves fittings and specialties shall be insulated with the same type and
thickness of insulation as specified for the connected piping with the special
provisions and or exceptions as given below.

All valves and flanges shall be provided with removable box type of insulation
covered with box fabricated from aluminium sheets of thickness same as the
connected pipe cladding. Adjoining pipe insulation shall be bevelled back to
permit removal bolts and nuts or bands. The portion of the valve which can
not be covered by box type insulation shall be filled by loose insulating
material of packing density at least equal to that of the insulating material of
adjoining pipe. The insulation for valves/flanges shall be applied after the
finishing has been applied over the connected piping. The cladding shall be
applied in such a manner that the bonnet flange can be exposed easily
without disturbing the complete insulation and cladding.

Flanges on lines having temperature upto and including 150 deg.C shall not
be insulated.

Union shall not be insulated.

Expansion joints, metallic or rubber, shall not be insulated unless otherwise
specifically indicated.

Safety valves shall be insulated.

17.14.00 While applying mineral wool blanket insulation:

(&)

(b)

(c)

Provide expended metal or hexagonal wire mesh on both sides for single
layer mattress and on first layer in case of multilayer insulation. Subsequent
layers of multilayer insulation to have only one side wire netting.

The edges of adjacen! blankets to be leased together, by appropriate lacing
wire as per Clause 16.08.00.

Any gap between joints between insulation layers shall be filled by loose
mineral wool confirming to 1S:3677.
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(e) Impelling pins shall be placed on centers not exceeding 300 mm.

17.15.00 Flue Gas ducts with external stiffeners shall have first layer of insulation between the
stiffeners and a second layer of insulation over stiffeners so that stiffeners are also
insulated and a level surface is achieved. Other requirements are same as given in
Clause 18.09.00.

17.16.00 Application of Metal Cladding
All insulated surfaces of the FGD shall be provided with metal cladding in
accordance with the following reguirements.

(a) All insulation procedure of metal cladding shall have prior approval of the
Owner.

(b) All insulated surfaces of FGD shall be covered with aluminium cladding.

(c) Cladding for FGD components are to be finished with plain aluminium
sheeting of thickness not less than the values specified. Wherever an inner
casing plate is necessary to effect a gas tight enclosure, the plate shall be of
mild steel of required thickness, but not less than four (4) mm suitably
stiffened and supported.

(d) Cladding on straight surfaces shall be finished with aluminium sheeting of at
least 20 SWG thicknesses suitably pressed along diagonals to form diamond
shape or otherwise formed.

(e) Cladding for insulated circular surfaces will be constructed from aluminium
sheets of thickness not less than 20 SWG.

(f) Weather proof flashings shall be installed where the panels intersect with
columns and at other similar joints.

17.17.00 Application

All metal cladding shall be fabricated and installed to ensure a neat appearance and
no open ended sections of cladding shall be left uncovered. The following provisions
shall also be complied with:

(a) All closures, flashings and seals required shall be provided and installed.

(b) An asphalt and craft paper moisture barrier shall be provided to the
aluminium cladding for all out door applications. Such moisture barriers shall
be fixed to the inner surface of the cladding or shall be cemented to the
outside surface of the insulation before application of clgd:dingA
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(c) All the used in the out door cladding shall be provided with Neoprene
washers.

(d) All openings and joints in outdoor cladding for piping connections, supports
or access shall be suitably flashed and weather-proofed. Where such
flashings or weather-proofing can not effectively control the entry of moisture,
then such openings and joints shall be weather-proofed by application of
aluminium pigmented sealer.

(e) Cladding on the top surfaces of the FGD, duct work and equipment shall be
suitably reinforced to prevent damage by personnel walking thereon.

17.18.00 Protection of Equipment during insulation application

All equipment and structure shall be suitably protected from damage while applying
insulation. After completion all equipment and structures shall be thoroughly cleaned
of insulating materials which might have fallen on them.

18.00.00 TYPETEST

18.01.00 Full scale type tests using actual equipment shall be conducted by the Contraclor for
the equipment mentioned in the subsequent clauses below:

18.01.01 Full range and full scale performance testing shall be conducted at shop on one
number each of the following Fans as per BS 848, Part-1:

(a) Booster Fan
The performance testing at shop shall be conducted using actual fans

18.01.02 Leak tightness lesting of dampers for each type and size of damper at shop to
demonstrate the guaranteed gas tightness efficiency (on flow). The minimum
guaranteed gas lightness efficiency of dampers shall not be less than that indicated
in clause no. 3.03.08 of this Sub-Section.

18.02.00 The Bidder shall indicate the charges for each of these type tests separately in the
relevant price schedule of Bid Proposal Sheet (BPS) and the same shall be
considered for the evaluation of the Bids. The type test charges shall be paid only for
the test(s) actually conducted successfully under this contract and upon certification
by the Employer's Engineer.

18.03.00 The type tests shall be carried out in presence of the Employer's representative.
Contractor shall inform the Employer about his readiness for conducting the type test
and issue such notice to the Employer 30 days in advance, along with schedule of
the type tests. The Contractor shall obtain the Employer's approval for tpeé@ﬁﬁ%gk
procedure before notifying the Employer about his readmessfor condug T
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18.04.00

18.05.00

HN

3C

test. The type test procedure shall clearly specify the test set-up, instruments to be
used, procedure, acceptance norms, recording of different parameters, interval of
recording, precautions to be taken etc. for the type test(s) to be carried out.

Irrespective of the requirement of conducting the type tests under this contract, The
Contractor shall submit the reports of the type tests carried out for the equipments
listed above in clause no. 18.01.00 and These reports should be for the tests
conducted on the equipment for the model / type [ size / rating to those proposed to
be supplied under this contract and the test(s) should have been either be
conducted at an test facility/shop/independent laboratory or should have been
witnessed by a client. The Employer reserves the right to waive conducting of any or
all of the specified type tests under this contract, in which case the type test charges
shall not be payable for the type tests waived by the Employer.

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.

¥

()
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QUALITY ASSURANCE

1.05.00

1.05.01

1:05.02

done.
TANKS / VESSELS:

Atmospheric tanks:

i) All welds joints shall be DP tested and complete tanks shall be water fill
tested.
i) All atmospheric storage tanks fabricated and erected at site shall be

subjected to tests (Hydro, NDT and Vacuum) according to design code
as applicable.
iii) Rubber lining shall be tested for hardness and spark test, as applicable.

Pressure vessels:

1) NDT on weld joint shall be as per respective code requirements or the
minimum as specified as below:

i) 100% DPT on root run of butt weld, nozzle welds and finished
fillet welds.

10% DPT on all finished butt welds.

10% RT (covering all ‘T’/cross joints) of butt welds.

2) Butt
100% R

3) Each finished vessels shall be hydraulically tested to 150% of the
design pressuie for a duration of 30 minutes.

elds of dished ends shall be stress relieved and subjected to

1.06.0 HEAT EXCHANGER/HEATER:

1.06.01 All material shall be tested for chemical and mechanical properties and NDT as
per relevant standard.

1.06.02 NDT on welds and other checks shall be as per relevant code.

1.06.03 Air heaters shall be subjected to dimensional and clearance checks as per
standard practice

1.06.04 Lub. oil system, drive system, soot blowing system>etc. of Air heaters shall be
checked suitably as per standard practice

1.07.0 PUMPS:

1.07.01 UT on shaft forgings (greater or equal to 40mm) and MPI/DPT shall be done on
shafts and impeller to ensure freedom from defects.

1.07.02 The pump casing shall be hydraulically tested at 200% of pump rated head or
at 150% of shut off head, whichever is higher. The test pressure shal
maintained for at least half an hour.
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1.07.03

1.07.04

1.07.05

1.08.0

1.08.01

1.08.02

1.08.03

1.08.04

1.09.0

1.09.01

ump rotating parts shall be subjected to static and dynamic balancing.

All pumps shall be tes
power at rated speed as per relev

hop for capacity, head efficiency and brake horse
licable standard.

Noise and vibration shall be measured during the perform sting at shop.
STRUCTURES , DUCTS, HOPPERS:

All materials shall be tested for chemical and mechanical properties as per
relevant standard. All plates above 40mm shall be 100% Ultrasonically tested.

Visual inspection of all welds shall be performed in accordance with AWSD1.1.
NDT requirements of structural steel welds shall be as under:
i) 100% RT/UT on butt-welds of plate thickness>= 32mm.
ii) For plates of 25mm<=thickness<32mm-10% RT and 100% MPI.
iii) For plates of thickness <25mm-10% MPI/LPI.

Edge for shop and field weld shall be examined by MPI for plate thickness >=
32mm.

VACUUM BELT FILTER SYSTEM:

Impeller, casing and shaft of vacuum pumps shall be tested for chemical and
chanical properties as per relevant standard. All plates above 40mm shall

1.09.02 if greater or equal to 40mm) and impeller shall be carried out.
1.09.03 All vacuum pumps.shall be tested at shop for capacity, power, pressure,
efficiency, noise and vibration etc.
1.09.04 Filter cloths and belts shall tested for physical properties as per relevant
standard
1.09.05 Hydro cyclones shall be checked by visual, dimensional etc.
1.10.0 SPRAY NOZZLES:
1.10.01 Spray nozzles shall be tested for physical properties
1.10.02 Spray nozzles also shall be subjected to performance test.
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1. AGITATORS:
1.11.01 Rubber lining shall be tested for hardness and spark test

1.11.02 Impellers shall be tested for dimensional and balancing check

1.11.03 ear Boxes shall be tested for run test as per standard practice

1.12.0

1.12.01 onents shall be subjected to ultrasonic test at mill and magnetic
particle inspection / liquid penetrant examination after rough machining.

1.12.02 Butt welds in rotor components shall be subjected to 100% RT and all welds
shall be magnetic'\particle/dye penetrant tested after stress relieving.

1.12.03 All rotating components and assemblies of fan shall be balanced dynamically

1.12.04 Performance test shall be carried out on fans as per Technical specification/
Relevant standard

1.12.05 Test for Natural Frequency and\hardness of Fans blades shall be carried out as
per Technical specification/ Relewant standard

1.13.0 Thermal Insulation, Lagging & Cladding:
(a) Lightly resin bonded mineral waol:
LRB mattresses/sections of Rockwool/ Glasswool shall conform to & tested as
per relevant clauses of Indian Standards and\shall meet the requirements of
NTPC data sheet. Type tests except Thermal §onductivity shall be regularly
carried out once in three months, Thermal Conductivity Type Test shall be
carried out minimum once in twelve months by the manufacturer.
Requirements of various components like Binding wires, Lacing wires, Wire
mesh, etc. shall be as per NTPC approved data sheet Aas given in respective
Sub-Section of Technical Requirements of Steam Generatgr & Auxiliaries.
(b) Lagging & Cladding:
All insulation shall be protected by means of an outer covering \of Aluminium
sheeting confirming to ASTM B-209-1060 temper H14 fro reputed
manufacturer meeting the requirements of NTPC data sheet.

1.14.0 OTHER CRITICAL EQUIPMENTS:

1.14.01 Checks/ NDTs shall be done as per relevant Indian Standards or equivalent
International Standards.
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