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Part-|
General Requirements
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1.0. GENERAL

Selective Catalytic Reduction (SCR) System shall reduce overall NOx (oxides of nitrogen)
produced in the Steam Generator to the specified values. This system shall be based on catalysts
which will enable reduction of NOx by ammonia (NH3). The complete SCR system shall be
designed for outdoor location connected to the coal fired steam generator. The SCR system shall
be designed to contain ammonia slip to specified values under all operating conditions. Ease of
maintenance, repair and overhaul shall be a central consideration in the SCR equipment
design/arrangement,  assembly, access, provisions for spares/tooling etc. The
design/specifications/sizing of various plants/systems/equipment offered for the SCR System &
Auxiliaries shall comply with the requirements detailed hereinafter.

The SCR system supplier (the Vendor) shall design, fabricate, deliver and place the selective
catalytic reduction (SCR) system into commercial operation for treating the flue gas NOx
emissions exiting the steam generators. The SCR system design conditions shall be as specified in
Part Il of this specification.

2.0. DESIGN CRITERIA FOR THE SCR SYSTEM

The design of the SCR system shall be based on proven concept of reduction of NOx in the flue
gas emanating from pulverized coal fired steam generator through mixing ammonia and passing it
through catalyst bed placed in reactor. Ammonia shall be mixed to the flue gas upstream of the
SCR reactor. The flue gas shall flow from top to the bottom of the reactor unless otherwise
specified elsewhere in the specification. A reactor gas side by-pass shall be provided for
operational fiexibility. The total catalyst requirement shall be arranged in layers, on horizontally
arranged support frames inside the reactor. Further provision for one spare future layer of
catalyst shall be made within the reactor. Anhydrous ammonia shall be used as the reagent for
the SCR system. Unloading from truck, Storage and forwarding facility for ammonia shall be
provided including facility for its vaporization and dilute air-ammonia mixture preparation for
feeding into the flue gas through an injection system.

2.1 Materials and Equipment

2.1.1 Materials and equipment must be new and of proven design. Equipment deemed to be
prototype in nature are unacceptable.

2.1.2 The use of asbestos, asbestos containing materials, or polychlorinated biphenyls (PCBs) is
prohibited in any of the equipment furnished.

2.1.3 Parts subject to wear, corrosion, or deterioration, or requiring adjustment, inspection or
repair shall be accessible and capable of convenient removal, replacement and repair.

3.0 REGULATIONS, CODES, STANDARDS AND SPECIFICATIONS

3.1 Referenced Standards

3.1.1 Reference to the standards of any technical society, organization, or association, or to the
laws, ordinances, or codes of government authorities shall mean the latest standard, code, or
specification adopted.

3.1.2 The referenced codes and standards shall govern in all cases except where they conflict with
the requirements of these specifications. In case of conflict between this specification and codes
or standards and, the stringent requirement shall be followed and the same shall be brought to
the notice of the Purchaser.

3.1.3 Publications of the following agencies shall form a part of these specifications to the extent
specified therein. References to the sponsoring agencies will be made in accordance with the
abbreviations indicated:
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ACI, American Concrete Institute

AHI, American Hydraulic Institute

AMCA, Air Movement and Control Association, Inc.

ANSI American National Standards Institute

ASME American Society of Mechanical Engineers

ASTM, American Society Testing and Materials

AWS, American Welding Society

BIS, Bureau of Indian Standards

ISA, Instrument Society of America

IEEE, Institute of Electrical and Electronics Engineers

NEMA, National Electrical Manufacturers' Association

NEC, National Electrical Code

NFPA, National Fire Protection Association

OSHA Occupational Safety Health Act

SMPV, Static Mobile Pressure Vessel Code

3.1.4 Other Regulations and Codes:

a. IS 4544, Ammonia - Code of Safety, Ammonia Code of Safety. This includes providing process
safety information as well.

b. 1S 662/ 799 —Indian Standard for specification for Anhydrous Ammonia / Ammonia Liquor
c.ANS! Pamphiet CGA G_2.1—2014 6th Edition (formerly ANSI K61.1), - Safety Requirements for
the Storage and Handling of Anhydrous Ammonia

d. ASME Boiler and Pressure Vessel Code, Section VIlI- Pressure Vessels

e. All local safety and handling ordinances concerning automatic sprinkler systems, canopies,
impoundments, and venting requirements

f. AISC specification for the Design, Fabrication and Erection of Structural Steel for Buildings
(latest edition)

Omission of any codes or standards does not relieve the Vendor of his responsibility to follow all
applicable codes, standards and regulations. Any conflict among standards shall be referred to
the Purchaser who shall determine which standard governs. Should codes and standards be
revised after the issue of these specifications, the Vendor should inform the Purchaser
immediately upon receipt of such information. Before adoption of any subsequent issue, or case
ruling, the Vendor shall discuss the effect of these requirements with the Purchaser and proceed
with material and/or fabrication changes only after the Purchaser's written approval.

4.0 SCOPE OF SUPPLY

The SCR system scope of supply shall include the following:

4.1 SCR Reactor

a. Reactor chamber including duct plate housing, insulation, lagging and all structural
internal supports. The reactor chamber housing shall include provisions for access as
required to maintain the system, test ports, equipment mounted instrumentation for
monitoring the performance & tuning the system, access doors for catalyst loading,
removal & inspection. In addition, a permanent sealing system along the bottom support
beams and between catalyst modules, baffle and seal bars on top of each module,
internal reactor guide vanes & an upstream flow straightening system (if required), and
reactor external sliding supports shall be furnished.

Note: The Vendor shall size/match the Purchaser's arrangement drawings (Refer Part
I1l) in order to confirm adequate access provisions for all furnished equipment. Vendor




High Pressure Boiler Plant TDN:SCR:001
BHEL, Tiruchirapalli Rev 00
Specification for High Dust SCR system Page 5 of 32

shall furnish SCR arrangement drawing indicating all access requirements including
external stairways, ladders, platforms, handrails and handling requirements and
accessories supplied by the Purchaser.

b. An internal and external monorail/hoist system shall be utilized to remove, install and
handle catalytic modules. Internal reactor monorail steel shall be provided by vendor at
each catalyst layer to accommodate the installation and removal of modules. External
monorail support steel and an interconnecting transition piece (if required) shall be
provided by the Purchaser. Vendorto recommend the locations of catalyst removal access
doors and loading scheme in the SCR arrangement drawing to be submitted for
Purchasers review.

c. Scope of SCR duct work including external stiffeners, internal supports, duct expansion
joints, dampers, insulation and lagging shall be as per Terminal Point indicated in P&ID.
Required test ports for sampling, fixed monitoring probes, guide vanes design and
location, if required in the duct of Purchaser’s scope, shall be provided by the Vendor.

Note: The external steel for ductwork support design shall be by Purchaser. The Vendor
shall supply all relevant ductwork loading and expansion information to the Purchaser.

4.2 Catalyst Modules

a. SCR catalyst modules including all equipment to safely install the modules within the
reactor chamber. Activity testing of sample catalyst elements during the guaranteed
service of the catalyst shall be provided. Catalyst instruction manuals describing short and
long term storage requirements, installation procedures, permissible inlet operating
conditions and disposal procedure shall be furnished. Correction curves for off-design
field operating conditions shall also be provided.

4.3 Flue Gas Mixing Device and Flow Model Study

a. Flue gas mixing devices, as required, to ensure a uniform distribution of ammonia,
temperature and gas velocity entering the first catalyst layer. A physical flow model will
evaluate the necessity for such a device.

b. A 1/10th scale, Plexiglas flow model study of the SCR system arrangement shall be
provided. This shall be supported with CFD study of the full scale model. Physical
modelling for SCR reactor, upstream duct work from economizer outlet (including
economizer gas bypass) along with cyclone separator (if applicable) and downstream
ductwork from SCR reactor outlet upto Air preheater inlet including Ammonia injection
grid/nozzle shall be carried out to examine and finalize the design options for the duct
system, flow modification devices, Ammonia Injection system, etc. This shall confirm the
Vendor's SCR system performance with respect to ammonia distribution, ammonia
injection grid design and location, internal duct guide vane arrangement, areas of
possible dust accumulation, flue gas mixer design and location, and reactor design and
inlet ductwork arrangement. Based on the model test studies, the Vendor shall finalize
the geometry of the reactor, ductwork, flow modification devices, sampling points etc.
The model study shall be carried out in the presence of the Purchaser. The physical model
shall use fan(s) to draw air through the model at a flow rate that provides similar fluid
dynamic behaviour to the full scale system.
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4.4 De-dusting System

a. Steam assisted soot blowers shall be provided above each catalyst layer. All blowers,
piping, valves, fittings, drains, reactor soot blower steel supports and complete controls
and wiring shall be furnished.

Note: Steam piping shall be furnished by the Purchaser up to a single terminal point at
the SCR boundary.

Alternatively, sonic horn and air cannon for blowing/dislodging accumulated/sticking ash
and fouling on catalyst surface. Type of de-dusting system shall be offered based on
Vendor’s standard practice/ past supply experience.

The contractor shall establish/ recommend de-dusting device frequency and their
performance tuning based on the actual operation through controlled
tests/measurements. Cleaning effectiveness shall target recovery, as measured through
gas pressure drop and visual inspection, up to a near pressure drop value with reference
to completely clean reactor as measured at the time of commissioning. In case if above
de-dusting systems are not sufficient for effective cleaning of the catalyst than the bidder
may provide Dry Cleaning System for in-situ cleaning of the catalyst in addition to above.

4.5 Ammonia Unloading, Storage, Handling and Preparation System

a. An ammonia handling and storage facility including unloading system, compressor to
unload for supply truck, storage tanks, , and valves required for the safe unloading and
storage of anhydrous ammonia with all equipment’s, fittings, hose connections,
monitoring and safety devices. Al equipment shall meet international and local
regulations codes.

b. Two (2) x 100 % Ammonia vaporizers with all associated connecting piping to vaporise the
ammonia required for the SCR system. If steam assisted vaporization system is offered
associated accumulators, piping, instrumentation and controls shall be offered.
Condensate formed due to the condensation of steam shall be connected to the
condensate tank by the Purchaser from Vendors terminal point. Vendor to provide steam
requirements and terminal points.

c. Two (2) x 100 % common ammonia forwarding pumps skid (if applicable) (1 workingand 1
standby pump) with recirculation line shall be provided to ensure steady supply of
ammonia to the vaporizer and flow control units {located at the steam generator).

d. Ammonia accumulators and associated systems capable of handling the ammonia to meet
the requirements of SCR system.

e. Adyke shall be provided around storage tank area with storage capacity equivalent to one
storage tank, for collection of liquid ammonia in case of emergency. This dyke shall be
connected to waste water retaining basin. Civil works are under Purchaser’s scope.

f. One (01) no. Waste water retaining basin near ammonia unloading & storage system
along with 2x100% waste water/ ammonia disposal pumps with motors for transferring
drains to Water Treatment Plant (WTP). Che mical dosing system for controlling pH of
waste water before sending to WTP.
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g.

A dilution air skid including an ammonia/air mixer, two (2) x 100 % dilution air blowers,
two (2) x 100 % dilution air heaters (if required), instrumentation, valves and local
controls. The ammonia flow instrumentation shall include all necessary control, shutoff,
bypass and relief valves and monitoring devices to ensure a safe operational system. The
required control logics and interlocks for implementation in purchaser’s DCS shall be
furnished by vendor.

An ammonia dilution tank of adequate capacity shall be provided with all interconnecting
piping to allow the safe disposal of any excess ammonia vented or drained from the
system.

All interconnecting piping from the ammonia storage tank / vaporizer skid to the dilution
air skid, and from the dilution air skid to the ammonia injection inlet manifold shall be
provided. Fittings, hangers and supports shall be provided for all piping in the Vendor's
scope of supply.

Personnel safety equipment in order to comply with all local requirements. As a
minimum, the following shall be provided:
Shower/eyewash stations located in the vicinity of the ammonia storage tanks and
the dilution air skid
Face masks and canisters
Goggles
Gloves and boots
Ammonia sensor alarms (for local & remote) located in the vicinity of the ammonia
storage tanks and the dilution air skid

4.6 Ammonia Injection System

a.

Ammonia injection system including an inlet manifold with local temperature and
pressure gauges, ammonia injection nozzles, flow control valves, flow orifices and
manometers, flex hoses, compressed air valve connections and all required piping with
internal and external structural supports. The space and access requirement shall be
indicated in the AIG arrangement drawing.

4.7 Electricals, Controls and Instrumentation

The following shall be under vendor’s scope of supply

a.

All the controls and interlocks required for safe operation of the complete SCR system
and other auxiliary systems.

The O, Analyser, SO; Analyser, NOxanalyser at inlet and outlet of SCR reactor, NHzanalyser
at outlet of SCR reactor as indicated in the P&ID. In addition, pH measurement (if
applicable) and any other analysers connected elsewhere in the SCR system shall also be
under vendor’s scope of supply.

The ammonia leak detector system with all its associated instrumentation, controls and
annunciation system shall be under vendor’s scope of supply. Detailed specification shall
be referred.

All instruments in the lines/equipment supplied by the vendor shall be in vendor’s scope.
These instruments shall be terminated in local junction box / local control panel / skid as
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per vendor's standard practice. Vendor to refer Annexure U for Specification of field
Instruments.

e. All pneumatic actuators (with smart positioners for regulating duty) & electric actuators
for regulating and Open/close applications shall be in vendor’s scope of supply. Vendor to
refer Annexure R for Specification of Actuators.

f. All equipment/instruments in vendor scope shall be wired up to the local junction box/
local control panels. The Instrumentation & Control cables from field equipment /
instruments to Local JB/ Local Control panels shall be invendor’s scope of supply. Vendor
to refer Annexure V for Specification of all the varieties of cables.

g. All Local Controls Panels, Field Junction boxes, Local instrument enclosures shall be in
vendor’s scope of supply. Vendor to refer Annexure W for detailed specification.

h. All Instrument installation/erection materials including piping’s, fittings, root valves etc.,
required for the vendor supplied instruments shall be in vendor's scope of supply.
Vendor to refer Annexure W for detailed specification.

i. All erection materials including cable glands, cable trays required for vendor supplied
equipment/instruments/panels/enclosures/junction boxes/cables shall be in vendor's
scope of supply. Vendorto refer Annexure W for detailed specification.

j.  All LT & HT motors part of the SCR system shall be in vendor’s scope of supply. Vendorto
refer Annexure S for Specification of Motors.

k. Vendortorefer Annexure Qfor Electrical Power supply details.

l.  Vendorto refer Annexure P for Terminal Points for Electrical C&!l Equipment.

4.8 Other Requirements

a. Utility piping, fittings, hangers and supports from a tie-in point at the Vendor's battery
limit to service the SCR system steam, water and air requirements.

b. Primer, finish painting of all uninsulated steel and piping surfaces shall be provided.
Purchaser shall confirm if the Vendor's paint is acce ptable.

c. One (1) year spare parts (excluding catalyst) for maintaining the availability of the
Vendor's supplied equipment shall be supplied along with main equipment.

d. Mandatory spares as per the list enclosed separately shall be offered.

e. Erection material for vendor supplied equipment.

f.  Supervisory services for the erection, start-up, testing and commissioning of the Vendor's
equipment. Breakup price for the above services shall be quoted separately.

g. Instruction manuals, performance test procedures and testing plan for the equipment
supplied by the Vendor for purchasers review and acceptance.

h. Performance testing and commissioning is Vendor’s responsibility.

i. Trouble shooting of equipment engineered or supplied by vendor before handing over of
SCR system to end customer shall be in Vendor scope.

j- Onsite SCR training program with instruction manuals for preparing the Purchaser's
personnel to operate and maintain the equipment supplied by the Vendor.

k. Vendor quality plan shall be submitted for Purchaser’s review and approval.

I. The Vendor shall provide the Purchaser with reasonable advance notice of all factory
tests associated with the equipment/items under Vendor scope of supply. The Purchaser
shall be entitled to witness all factory tests. The Purchaser shall also be allowed to specify
athird party representative to witness these tests.
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In general, all components, features and design parameters specified herein are minimum
requirements. If the Vendor's design dictates that these requirements be exceeded to meet
specified performance guarantees and to provide a safe, reliable operating unit, he shall include
all equipment above and beyond the equipment required to meet these minimum requirements.
The Vendor shall provide all accessories and appurtenances which are required for a complete,
reliable and safe SCR operating unit whether or not the specificequipment which is customarily a
part of such a system has been specified herein.

Note: For project specific scope of supply refer Division of Work document.

5.0 EXCLUSION

The following items shall be provided by others and are not a part of this specification:

a.

b.
C
d

3

R

Supply of anhydrous ammonia

Site permitting

Water for the ammonia system

Site utilities for construction and SCR operation - including instrument air, electrical power,
water, steam, outdoor lighting, etc.

All earthwork, foundations, base plates, anchor bolts and site remediation for
accommodating the SCR system

DCS/Remote control panels

Complete Electricals including MCC, Switchgears, Distribution boards, Power Cables, Cable
trays, Earthing, Grounding, Lighting & Illumination, Lightning protection system.
Instrumentation and control cables beyond Local JB/local control panel (for Vendor supplied
instruments)

Instruments other than those specifically included under scope of supply

UPS & its distribution

Steam, water, air, oil, nitrogen and drain piping, valves, traps outside the Vendor's battery
limit

Thermal insulation as required for associated piping not furnished by the Vendor

External structural steel for supporting ductwork, platforms and SCRreactor chamber. Access
platforms, handrails, stairs, ladders, grating, and elevators.

SCR reactor bypass duct with insulation and lagging

Stack continuous emission monitoring system (CEMS) for regulatory compliance

Erection of all SCR equipment

Receiving and onsite storage of catalyst modules

Supply of duct works from Eco out to inlet of reactor chamber.

Supply of duct works from outlet of reactor chamberto APH inlet.

Lining and insulation of duct works from eco outlet to APH inlet including reactor chamber
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PART II
Detailed specification Requirements
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1.0 SCR SYSTEM DESIGN REQUIREMENTS

1.1 The design of the SCR System shall be carried out taking following into consid eration:

a) All operating conditions of steam generator (e.g. gas temperature, ash, start/stops, load
cycling) from start-up to 40% TMCR without ammonia injection and from 40% TMCR to BMCR with
ammonia injection for complete range of specified coal and specified ambient air condition.

b} Duct design for reduced gas stratification and effective gas-ammonia mixing for minimization
of ammonia consumption and slip

c) Prevention of formation of ammonium bisulfate (ABS) and other ammonia components, which
deactivate or plug up or mask the catalysts and other downstream components

d) Minimization of SO2 to SO3 conversion

f) Prevention of plugging of the catalyst by ash particles

g) Design life of 25 years (excluding catalyst).

h) Modular construction to enable catalyst management plan (CMP) and periodic maintenance /
inspections.

1.2 The SCR system shall be of a hot-side, high dust design, located between the economizer and
the gas inlet duct to the air preheater.

1.3 The SCR system shall be designed for continuous operation with any of the fuels specified in
Part lll. The SCR equipment performance shall meet outlet emission requirements as detailed in
the Part Il

1.4 Anhydrous ammonia with a minimum ammonia content of 99.5 % shall be used at this facility.
Anhydrous ammonia is supplied and stored as a compressed liquid with moisture limited to
0.50% maximum.

1.5Site Conditions
1.5.1 The basis for the SCR system design shall be according to the site conditions specified in Part
Hi

1.6 The catalyst shall be selected to meet outlet emission requirements based on the design
criteria and SCR performance shall be achieved for all combinations of fuels and operating boiler
loads indicated in Part IlI.

2.0SCR SYSTEM GUARANTEES
2.1 The SCR system shall be designed and guaranteed to limit the NOx emissions across all load
range as specified in the Part IIl.

2.2 Unreacted ammonia exiting the SCR reactor shall not exceed the value specified in Part Ill for
all operating conditions and fuels listed in Part Il

2.3 The exit NOx and unreacted ammonia emission guarantees shall be maintained overa period
of minimum operational hours as specified in Part Il without replenishing the catalyst. In case of
non-performance of the catalysts as per guarantee terms, then the vendoris liable to replace the
catalysts/equipment to meet the performance requirements.

2.4 The SCR system including all ductwork, flow distribution devices, ammonia injection grid, and
reactor flow straightening grid in the Vendor's design or supply scope shall be guaranteed not to
exceed the draft loss as specified in Part 11l with all initial and future catalyst loaded.
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2.5 The draft loss across the initial loaded catalyst shall be designed and guaranteed for the inlet
operating conditions specified in Part lil.

2.6 The oxidation rate of SOz to SOs3 shall be guaranteed as per Part lll at all inlet operating
conditions specified in Part Ill while firing any of the fuels specified in Part Ill. The guarantee

should be based upon having all future catalyst layers loaded into the reactor.

2.7 The anhydrous ammonia consumption rate shall be guaranteed for each of the fuels/
operating conditions specified in Part lll.

2.8 Protocol to be signed by Vendor with end customer after proving all guarantee parameters
identified in this specification.

3.0 SCR REACTOR CHAMBER

3.1 The SCR reactor shall be a high dust, hot side arrangement located downstream of the
economizer and upstream of the two air preheaters. Flue gas will flow vertically down through
the catalyst layers.

3.2 There shall be one SCR reactor with two outlets located directly above the two air preheaters.
Alternatively vendor to consider two SCR reactor with one outlet each as an option for purchasers
review. The geometry of the reactor chamber shall be as specified by vendor. The Vendor must
maintain support points, reactor chamber dimensions, etc. to enable steel arrangement and
design at Purchasers end. In general refer the arrangement drawing furnished by the Purchaser in
Part Ili.

The distance between module layers shall be a minimum as specified in Part Il . This distance
shall provide adequate clearance between catalyst iayers to facilitate loading and unloading of
modules as well as internal reactor inspections.

Multiple layers of catalyst shall be provided. No modules shall be stacked upon each other in the
reactor. The maximum module height in any one layer shall not exceed 1500 mm (Vendor may
specify any other dimension to optimise). This shall effectively allow soot blowing to dislodge
any possible ash accumulation within catalyst surfaces.

3.3 The SCR reactor chamber and inlet ductwork shall be designed to maintain sufficient velocity
to prevent fly-ash dropout over the entire boiler operating load range. Reactor inlet transition
ductwork shall make gradual changes in cross-sectional area and contain an adequate number of
vanes and/or baffles to minimize gas separation zones, prevent dust stratification, prevent fly-
ash agglomeration and erosion, and minimize the propagation of wake regimes at the inlet of the
reactor upstream of the flow straightening grid.

All ductwork designed by the Vendor shall contain adequate vanes, baffles, and mixing devices to
ensure that gas velocity, temperature and ammonia distribution requirements are met. The
vanes and mixing devices shall be designed to promote streamlined flow and prevent erosion
and vibration.

3.4 The catalyst reactor shall be a self-supporting structure designed to allow for thermal
expansion and contraction. Module support shall also be designed to allow thermal expansion
and contraction without stressing the modules. Internal reactor steej shall be fabricated from A-
36/ IS 2062 material with rolled members. The design of the internal structure shall conform to
the seismic and wind requirements specified in Part lll. The structural steel design shall also
confirm to the latest edition of the AISC/BIS Specification for the Design, Fabrication and Erection
of Structural Steel for Buildings.
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3.5 Obstructions within the reactor chamber by beams, pipes, soot blowers, etc. shall be keptto a
minimum. There shall be no areas where dust can accumulate. Ledges or flat areas shall be
avoided. The reactor design shall also accommodate the installation of either a plate or
honeycomb catalyst without requiring major structural modifications.

3.6 The SCR reactor shall contain a flow straightening grid upstream of the catalyst layers to
provide uniform flow distribution and streamlines. The reactor shall be designed to avoid non-
uniform gas flow and dust deposits on the catalyst bed. Reactor inlet flow distributions shall
achieve a flue gas velocity uniformity of +/- 10 % from the average velocity when measured
upstream of the first catalyst layer. The inlet and outlet gas flow around the straightening grid
shall be as near normal (vertically downward) as possible.

3.6.1 A metal flow straightening grid shall be provided. The grid shall be provided in modules for
ease of installation into the vertical flow reactor. The metal grid shall be bottom supported in the
reactor.

3.6.2 The Vendor shall provide dimensional drawings of the metal grid assembled units. The
drawings shall show adequate dimensions and clearances required for the proper installation and
maintenance of the grid. The Vendor shall indicate the weights of each metal grid module
component.

3.6.3 The metal grid modules shall be completely shop assembled and ready forinstallation into
the reactor chamber. An optimized array of metal grid modules with lifting lugs shall be provided.
3.6.4 Module construction shall avoid flat surfaces which can potentially result in excessive ash
deposition.

3.6.5 Structural tubing may be used to construct the grid. Module framework shall be constructed
of carbon steel material or better. Provisions for expansion shall be inherent to the module
construction. Exposure of the grid material to flue gas temperatures ranging from 200 to 400 C can
be expected. All modules shall be completely welded. Other structural configurations may be
proposed and considered by the Purchaser.

3.7 Reactor casing provided by the Vendor shall be welded steel plate construction fabricated
from A-36 /IS 2062 material or better.

3.8 The catalyst reactor chamber shall be insulated and lagged. Adequate insulation shall be
provided in order to ensure that the temperature of the catalyst surfaces does not go below the
acid dew point during a shutdown. All insulation shall be applied against plate work, impaled on
10 gauge pins and secured with pin clips. All insulation shall be applied to prevent direct heat
transfer through steel.

3.9 Catalyst and personnel access doors shall be independently insulated to allow convenient
access or removal. Test ports and other flanged connections shall be insulated to the greatest
extent possible.

3.10 Lagging shall be installed, sealed and flashed to provide a neat weatherproof protective
covering. Lagging shall be a minimum of 0.81 mm on the reactor walls. Lagging on the reactor roof
shaii be a minimum of 1.27 mm.

3.11 The reactor shall accommodate sufficient catalyst to achieve guaranteed NOx reduction and
ammonia slip requirements as specified. A spare layer accommodating the future addition of a
minimum of one layer shall be provided. Design loads, including weight, pressure, seismic, draft
losses across catalyst, etc., shall consider the addition of this future layer.

3.12 A permanent sealing system shall be provided between individual catalyst modules and
support beams, reactor walls, and adjacent modules to prevent bypass of the flue gas around the
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catalyst. The system shall be designed to permit subsequent catalyst replacements without
damaging the sealing mechanism. Baffles or shrouds (ash accumulation plates) shall be provided
to prevent fly-ash accumulation between modules and along the perimeter of the reactor walls.

3.13 The SCR system shall include a reactor bypass (bypass ductwork supplied by the Purchaser) to
be used during start-up, shutdown and emergency conditions. The reactor bypass shall include a
tight shutoff damper to prevent flue gas slippage while the SCRis in operation. The Vendor shall
assume 2 % flue gas bypassing the SCR reactor when selecting the proper catalyst volume for the
design criteria specified in Clause 2 of Part Il

3.14 All access doors for inspection and catalyst loading shall be boited construction. Square
access doors shall be furnished with air tight gaskets suitable for the temperature and
environment.

3.15 The Vendor shall furnish test ports on the reactor chamber to properly evaluate the
performance of the catalyst. All test ports, except those used for permanent Analyzers and
instrumentation connections, shall be a minimum of 101.6 mm diameter furnished with NPT
thread on one end with screw cap. Pressure differential connections shail be provided between
each catalyst layer. All test ports shall protrude outside the thermal insulation lagging a minimum
of 101.6 mm. All other test ports not located in the Vendor's supplied ductwork and reactor shall
be provided by the Purchaser. At a minimum, test ports shall be located upstream of the
ammonia injection grid, upstream of the first catalyst layer and at a plane directly below the last
catalyst layer (future layer). At a minimum, test ports used for portable probe traversing shall be
iocated on 1 meter centres across any one plane.

3.16 Reactor start-up and shutdown thermal gradients shall not be limited by the internal reactor
steel structure. Support beams, casings, and insulation shall be designed to allow the reactor to
warm-up through the moisture and acid dew points as quickly as possible. The Vendor shall
supply a start-up and shutdown sequence including a time line.

3.17 A hoist/monorail system shall be furnished by the Vendor to assist in the installation and
removal of catalyst modules from the SCR reactor chamber. Internal monorail steel at each level
of catalyst (including the future layer) shall be provided. An electric, slow speed hoist will be
attached to the overhead monorail in order to facilitate the movement of individual catalyst
modules from the ground to the proper level within the reactor. All monorail steel external to
the reactor chamber shall be provided by the Purchaser. A hydraulic trolley provided with the
catalyst modules shall be used to position each of the modules into the proper location within
each layer.

The hoist requirements are as follows:

Number of hoists per SCR system: One (1)

Type :Lug mounted electric wire rope hoist

Load Capacity :Asrequired to lift heaviest catalyst module

Vertical hook travel: To handle top most catalyst module level to ground level

Pendant assembly*: 1-Push-button pendant control station with conductor and support cables
Electrical requirements: Refer Part Ill.

*Note: The operator shall be capable of moving the load vertically 12.7 mm or less at a time by
tapping the down button.
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4.0 CATALYST AND CATALYST MODULES

4.1 The catalyst supplied by the Vendor shall be plate or honeycomb type with a
vanadium/titanium composition. Vendor to consider the maximum ash / dust concentration
specified in Part lll.

4.2 Sufficient catalyst volume shall be provided in order to meet the specified guarantees. The
catalyst shall be designed in accordance with the criteria specified in Part Ill. Consideration shall
be taken for 2 % gas flow bypass around the SCR reactor chamber. This leakage accounts forthe
slide gate shutoff damper located in the reactor bypass duct. The catalyst shall be capable of
maintaining the performance with normal operating variations in gas temperature (+/- 10 deg. C
from the average) and velocity (+/- 10% from the average) across the face of the catalyst surface.

4.3 Catalyst pitch shall be selected by the Vendor to provide an optimized design of geometric
surface area versus volume and differential pressure. The pitch shall be such that the catalyst will
not be prone to fly-ash pluggage. Vendor to consider the maximum ash / dust concentration
specified in Part IlI

4.4 The Vendor shall submit a laboratory procedure for activity testing of the catalyst. Activity
tests using samples from modules installed in the reactor shall be provided. These tests shall
occur at mutually acceptable intervals during the service life guarantee period of the catalyst. The
frequency of activity tests shall be at a minimum of once per year. The number of activity tests
shall be consistent with achieving an optimum and cost effective catalytic management program.
A final report shall describe laboratory test results and recommendations for future catalyst
replacement. As part of the report, a plot of catalyst activity (K/Ko) versus operating hours shall be
included.

4.5 The SCR system performance guarantees shall be based upon field measurements. Correction
curves for off-design conditions shall be provided by the Vendor. At a minimum, these curves
shall include the impact of flue gas volumetric flow, temperature, inlet NOx and O; upon the NOx
removal efficiency. Also, a curve of SOz to SOs3 oxidation rate vs temperature and area velocity
shall be provided.

4.6 The catalyst's chemically active constituents which are bonded to metallic substrates (plate
type catalyst) shall not delaminate due to stresses induced by thermal or pressure forces for the
life of the catalyst.

4.7 An option for the disposal of the initial charge of catalyst shall be provided. The Vendor shall
adhere to all local regulations pertaining to handling, and disposing of the catalyst material. It
should be noted that the catalyst will be exposed to coal fly-ash which contains heavy metals.
Consequently, consideration for a hazardous waste disposal shall be assumed by the Vendor. This
shall be indicated as an optional price.

4.8 The catalyst element baskets shall be shop assembled into modules for ease of installation
and removal from the reactor. The module framework shall be constructed of carbon steel
material. Grating protection shall be furnished on the upstream face of each module for ease of
internal maintenance and inspection. Screening shall also be provided on the upstream face of
each catalyst module to prevent large ash particles from becoming lodged within the catalyst
plate material. Similar construction shall be provided if a honeycomb catalyst module is supplied.

4.9 Lifting lugs shall be provided on the catalyst modules for ease of installation into the reactor
chamber. All special tools required for the proper installation of the modules shall be provided.
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This shall include a hydraulic trolley for individual module positioning within the SCR reactor
chamber. A spreader beam specially designed for lifting the modules from grade to each
appropriate catalyst elevation shall be furnished. Any additional special tools required for the
unloading of catalyst modules from either truck or rail delivery of the modules to the site shall be
supplied.

4.10 All catalyst modules shall be packed in appropriate containers to prevent damage and/or
exposure to moisture during shipment. The Vendor shall supply long and short term storage and
handling procedures and recommendations for onsite storage of the modules.

4.11 The Vendor shall provide dimensional drawings of the catalyst modules, hydraulic trolley
and spreader beam used for installation. The drawings shall show adequate dimensions and
clearances required for proper installation and maintenance. The drawings shall show the
weights of all major components. All Vendor drawings shall be submitted to the Purchaser for
approval.

4.12 The Vendor shall provide the Purchaser with reasonable advance notice of all factory tests
associated with the catalyst material and module fabrication. The Purchaser shall be entitled to
witness all factory tests. The Purchaser shall also be allowed to specify a third party
representative to witness these tests.

4.13 The Vendor shall provide Material Safety Data sheets for the catalyst material, as well as any
information pertaining to applicable safety regulations for compliance with OSHA requirements
(29 CFR 1710.111)and safety regulation standards applicable in India. In addition, all information
required to support the Purchaser's safety regulations and site permitting shall be provided.

4.14 The Vendor shall supply operating and instruction manuals describing the procedures
(including recommended hot, warm and cold start, shutdown for short and long term periods), as
well as maintenance and other special instructions required for the proper care and safe and
reliable operation of the catalyst. These instructions shall be specific to the Purchaser's ductwork
arrangement, equipment and overall system design.

4.15 The catalyst Vendor shall specify the continuous recommended minimum allowable gas
temperatures to the SCR for the full range of fuels/operating condition specified. The final
method of flue gas temperature control shall be determined and supplied by the boiler supplier.

4.16 The following information shall be provided for the catalyst and module supplied by the
Vendor:

a. Catalyst pitch, specific surface area (m?/m3), chemical composition, and selected volume (m?3)
b. Space velocity, area velocity, actual face velocity, linear velocity, SO, to SOs oxidation rate,
draft loss across the initial installed catalyst, NOx removal efficiency and ammonia slip for a fresh
catalyst as well as the NOx removal efficiency and ammonia slip for a catalyst after 8000 and 16000
hours of operation for all conditions specified in Part lll.

c. Catalyst module width, module depth, module height, module weight, catalyst density,
number of modules per layer, total number of modules perreactor. Arrangement and dimensions
of modules shall accommodate the reactor dimensions.

d. For the full range of fuels specified in Part 111, specify the minimum continuous allowable inlet
operating temperature in order to avoid ammonium bisulphate formation on catalytic surfaces.
Short term inlet temperatures, below those indicated above, and allowable maximum operating
hours at these temperatures shall also be provided. Subsequent recovery temperatures and
duration of operation shall be furnished.
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e. A recommended, optimized schedule of catalyst module additions and replacements for a 10
year period. Provisions in the reactor chamber for a minimum one layer shall be provided for
future.

f. Adescription of the module sealing method and sealing material.

g. The Vendor shall furnish the alilowable conditions for the design of a superheated soot biowing
system. Recommendations for steam temperature, pressure, and frequency of blowing shall be
furnished. The vendor shall also recommend the distance between the top of the catalyst plate
surface and soot biower nozzle. Utility requirements for sonic horns and air canons (if applicable)
has to be furnished by the Vendor.

h. Typical laboratory procedures for activity testing of the catalyst shall be furnished. This shall
include a list of all items tested and a summary of the type of report that can be expe cted.

i. The vendor shall provide recommended hot, warm, cold start-up and shutdown procedures.
Permissible temperature ramp rates across the catalyst shall be furnished. An SCR reactor bypass
has been furnished in order to provide operating flexibility during these conditions. A process
control description functionally indicating the control logic, permissive, alarms, and control
schemes as it affects catalytic reactive performance shall also be included.

j. The Vendor shall provide recommended jobsite handling and storage procedures for the
catalyst modules.

k. The Vendor shall review the adequacy of the load/support requirements and access
requirements for the SCR system and furnish the same for Purchasers engineering/BOM
calculation at the time of document approval. Any additional access/supports not identified
during document approval stage shall be in Vendors scope.

I. The Vendor shall provide the allowabie continuous minimum operating temperatures to the
catalyst for all fuels and inlet load conditions specified by the Purchaser.

5.0 Flue Gas Mixing Device and Flow Model

5.1 The Vendor shall construct a three-dimensional 1/10th scale (Plexiglas or equal) model of the
proposed SCR equipment and boiler back-pass with associated ductwork, reactor transition
pieces, and reactor internals. The model shall verify the size, configuration, and location of all
necessary SCR installed equipment and final ductwork arrangement, guide vanes, and mixing
devices necessary to provide uniform velocity, temperature and ammonia distribution across the
catalyst.

5.2 The distribution of ammonia shall be simulated and the injection grid design verified.

5.3 The boundary limits of the physical flow model shall be from economiser outlet to the air
preheater gas inlet flange. The Purchaser's boiler arrangement drawings shall be supplied to
assist the Vendor in the construction of the model.

5.4 The model shall be arranged such that it simulates the aerodynamic effects on gas flow and
distribution due to physical features such as internal ductwork bracing, guide vanes, mixing
devices, injection grid, flow straightening grid, etc. The objective of the model is to verify the SCR
system design for the following:

a. Gas velocity of +/- 10% from the average at the inlet to the ammonia injection grid and at the
inlet to the first catalyst layer

b. Gas temperature within +/- 10deg C atthe inlet to the first catalyst layer

¢. Ammonia distribution within +/- 5% of theoretical requirements at the entrance to the first
catalyst layer. This distribution objective shall confirm the adequacy of the ammonia injection
grid and flue gas mixing design and location.

d. Analysis of ash accumulation throughout the proposed SCR ductwork and reactor chamber.




High Pressure Boiler Plant TDN:SCR:001
BHEL, Tiruchirapalli Rev 00
Specification for High Dust SCR system Page 18 of 32

e. Evaluation of pressure losses throughout the system including across inlet and outlet
ductwork, catalyst layers, ammonia injection grid dampers, straightening grid, mixing devices and
other significant reactor/ductwork internals. A discussion of the device used to simulate gas draft
loss across the catalyst shall be presented in the final report.

5.5 The Vendor shall submit the following to the Purchaserfor review and approval before actual
testing:

a. Drawings and description of the flow model showing ali dimensions and details

b. Detailed description of the flow model test procedure

c. Tests to be performed

d. Data to be recorded

e. Testing results format

f. Limits, tolerances, and uncertainty in testing

g. Criteria for determining that the testing is compiete and successful

h. Discussion of similitude between the flow model and the actual SCR system. The discussion
shall include a comparison of the Reynolds, Prandtl, Schmidt, Grashof and Froude numbers for
the model and the actual system.

5.6 The Purchaser and/or his representative shall have the right to inspect the flow model and to
witness testing at any time. Adequate notice will be given by the Purchaser.

5.7 After completion of the successful model testing, the Vendor shall submit to the Purchaser
the following:

a. Test report and results

b. Drawings showing design, dimensions and location of all required flue gas and ammonia
mixing devices

c¢. Drawings showing design, dimensions and location of all duct turning vanes

d. Any changes that will be made to the ductwork, ammoniainjection grid, reactor or other parts
of the SCR system that are a result of the flow model test

5.8 Any changes in the SCR equipment design resulting from the flow model shall be retested to
confirm the adequacy of the revisions. Close coordination of the flow model testing shall be
achieved at all times with the Purchaser.

The Vendor shall submit to the Purchaser the proposed schedule for the complete model
fabrication, testing and report submittals.

5.9 For the duct work in Purchaser’s scope of supply, the arrangement of internals shall be based
on mutual agreement

5.10 Final disposition of the model shall be the Purchaser's option.

5.11 Flue Gas Mixing Devices

5.11.1Flue gas mixing devices shall be provided, as required to ensure the uniformity of gas
velocity, temperature and ammonia dispersion into the flue gas stream. The effectiveness of the
mixer design and location shall be confirmed by physical flow model testing.

5.11.2 The mixing device material shall be compatible with the ductwork casingin the area.

6.0 De-Dusting System

6.1 Soot blowers are effective in keeping particulate matter entrained in the flue gas stream so as
to avoid the possible formation of deposits on catalytic surfaces. Blowers shall be furnished




High Pressure Boiler Plant TDN:SCR:001
BHEL, Tiruchirapalli Rev 00
Specification for High Dust SCR system Page 19 of 32

upstream of each catalyst layer within the SCR reactor. Each soot blower shall use superheated
steam supplied at sufficient velocity and dynamic pressure to keep the catalyst modules clean.
The steam source shall be from the steam generator with the tap-off point specified by the
Purchaser. The Vendor shall recommend maximum acceptable steam conditions (steam
temperature and pressure) for the catalyst. The Purchaser shall furnish steam piping up to a
single point connection to interface with Vendor's steam piping supply. Vendor shall take care of
the Inlet Dust Burden for designing the Soot blower.

6.2 Soot blowers shall be of the transverse arm, rake type design having nozzles or orifices spaced
at regular intervals suitable for cleaning the catalyst without erosion. Location of the blowers
shall ensure full cleaning coverage of the face area of the catalyst layer. The Vendor shall ensure
that the nozzles are properly located on the blower arms above the catalyst in order to avoid
structural damage to the catalyst material and provide effective cleaning.

6.3 Structural support and space provisions in the reactor chamber shall be furnished to
accommodate the future installation of soot blowers above the spare catalyst layer.

6.4 Soot blowers shall be located on both sides of the reactor. The central pipe of the blowers
shall be positioned in a zone of low flow intensity below reactor support beams. If internal soot
blower pipes are exposed to the direct impact from flue gas, then flow deflector baffles shall be
installed on the pipes to improve overall flow patterns.

6.5 The soot blower design shall avoid abrupt temperature changes to the catalyst surfaces to
minimize the adverse effects of thermal shock. Maximum temperature differential between the
soot blowing medium and the catalyst surface temperature shall not exceed 50 C.

6.6 The soot blower design shall minimize erosion of the catalyst caused by excessive medium
velocity and water droplets.

6.7 The steam supply system provided by the Purchaser shall be designed assuming all soot
blowers are installed and operational including those for the spare layer.

6.8 The blower equipment shall include all valves, piping, fittings, drains, wall boxes, rail
assemblies, structural supports, hangers, motors, and controls for a complete system.

6.9 The Vendor shall state recommended soot blowing frequency, soot blower operational time,
and mass steam flow per blower. Operation of the soot blower system shall be from top to
bottom.

6.10 Commissioning services shall be provided for the soot blower system.
6.11 Vendor shall furnish takeout price for Soot blowing system supply.

6.12 Sonic Horn (if applicable)

a) Sonic horn shall be provided for cleaning all catalyst layers, including the future layer. Number
of sonic horn shall be provided so that it should cover complete catalyst surface area. Sonic horns
may be arranged on the single wall or opposite walls of the SCR reactor based on its cleaning
intensity.

b) Sonic horns shall be provided to generate low frequency and high energy sound waves to
resonate and dislodge ash deposits/fouling which develops on the catalyst modules/cassettes.
The horns shall be driven using service air available at site sequentially at regular frequency. The
horns shall be constructed of stainless steel having diaphragm of titanium alloy. Diaphragm shall
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have a minimum life of five (05) years. Each horn shall be provided with acoustic enclosures to
reduce ambient noise. The arrangement and type of sonichorns shall be as per standard practice
of the contractor.

) Each Sonic horn shall be provided with separate solenoid operated isolation valve along with
associated piping. Adequate number of moisture traps shall be provided at each catalyst layer for
removal of moisture from service air supply line.

6.13 Air Cannons (if applicable)

a) Air cannons shall be provided for cleaning all catalyst layers, including the future layer.
Number of air cannons shall be provided so that it should cover complete catalyst surface area.
Air Cannon may be arranged on the single wall or opposite walls of the SCR reactor based on its
cleaning range.

b) Two (02) multiport air cannon system with fan jet nozzles shall be provided for each catalyst
layer including the future layer.

c) Air Cannon shall be operated in combination with sonic horn. Initially air cannon shall discharge
to break any adhered material loose and then acoustic cleaner shall continue to sound to keep
ash deposits in suspension. Air Cannon discharge nozzle shall preferably be placed directly below
the sonichorn.

6.14 Dry Cleaning System (if applicable) for in-situ cleaning shall include removal of the
particulates and plug(s) on the catalyst using a blasting stream of a pressurized carrier gas having
a particulate blasting medium (dry ice) directed at the SCR catalyst. Complete pressurization
system for the carrier gas along with feeding/mixing of the blasting medium shall be provided
along with necessary injection lances for in-situ dleaning of catalyst at each layer elevation.

7. Ammonia Unloading, Storage, Handling and Pre paration System

A complete anhydrous ammonia unloading, storage, handling and dilution system shall be
furnished. The equipment shall include an unloading compressor, ammonia storage tanks,
vaporizers, associated piping, fittings, supports, valves, instrumentation, neutralization tank,
dilution air blower skid and ammonia injection grid.

7.1 An unloading compressor shall be furnished to transfer liquid anhydrous ammonia from the
delivery vessel to the main storage tanks. A compressor, local control panel incorporating all
controls and monitoring, equipment and skid mounted instruments and unloading bulkhead shall
be furnished near the vicinity of the tanks. The capacity of the compressor shall be properly sized
to unload an ammonia shipment within a reasonable time period and at a maximum head of 18
kg/cm? gauge. The motor shall meet the requirements mentioned in Part Iil.

7.1.1 Two (02) ail free reciprocating type ammonia unloading compressors complete with motor
drives and receivers shall be provided with all necessary fittings, monitoring and safety devices
for unloading of ammonia from the truck to ammonia storage tank. The compressors shall be skid
mounted. The compressor design shail have doubie and triple packing to obviate harmful gas
leaks. Further, any leakage gas shall be returned to the suction line and no nitrogen purge and
leak gas monitoring device with gland seal of the piston rod shall be required. Same compressor
shall be used for liquid ammonia transfer and ammonia vapour recovery. The compressor shall be
designed with the consideration of ammonia vapour recovery which may result in excessive
temperature rise.

7.1.2 Each compressor shall be provided with gas filter and liquid trap with level control on its
suction side. Liquid trap shall be designed for pressurized and vacuum operating condition. 4-way
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valve ball valve shall be provided for each unloading compressor for switching the direction of
gas conveyance.

7.1.3 One (1) pressure relief valve shall be installed in the discharge line of each compressor and
its connecting pipe shall be routed back to the storage tanks.

7.1.4 The design of compressor shall ensure the compliance with the following operational
requirements:

i. Facilities for emergency shutdown of compressor at low suction pressure, high discharge
pressure and high differential pressure across suction & discharge of the compressor.

ii. Facilities for emergency shutdown of compressor at high discharge temperature. Parallel
operation and auto changeover of compressors shall not be envisaged. After completion of
unloading of ammonia from the tank truck, the compressor must be switched off by means of a
flow monitor and the unloading process completed.

7.1.5 Material of construction of compressor shall be suitable for handling anhydrous ammonia.

7.1.6 A clear space shall be provided around the compressor for inspection purpose.

7.1.7 Local control panels with all necessary controls, Protection & interlocking system for
operating the compressors shall be provided. These controls shall be achieved through
microprocessor based redundant controllers with Graphic User Interface (GUI) with LCD screen
based display unit, control switches and other operational keys panels and hooked up to
purchaser’s DCS

7.2 Ammonia Storage Tank

7.2.1 The anhydrous ammonia storage tank shall be non-refrigerated, cylindrical, all-welded steel
construction, complete with level, pressure, and temperature instrumentation, safety valves and
vent/fill connections. The tank will be located outdoors at a location to be determined later.

7.2.2 The liquid capacity of the ammonia storage tank shall be as specified in Part Il based upon
an anhydrous ammonia flow. A margin of 20% shall be considered on the stoichiometricammonia
flow.

A vapour space of approximately 15 % of the total tank capacity shall be provided at the top of the
tank. An optimized, cost effective arrangement of the storage facility shall be achieved. If more
than one tank is provided per SCR unit, they shall be interconnected so either tank can be utilized
to furnish the required ammonia flow to the system. The ammonia storage facility shall have the
flexibility of being an emergency backup for number of units specified in enquiry.

7.2.3 The ammonia storage tanks shall be designed as per ASME Boiler and Pressure Vessel Code
Sec VIII. The tank shall be fully welded construction. All welds shall be 100 % radiographed and
stressed relieved. All connections to the tank shall be welded. No threaded connections are
acceptable. Tank plate material shall be ASTM A516-Gr 70 or better.

7.2.4 The storage tank shall have the flexibility of accepting ammonia delivery by truck. Each
ammonia tank filling connection shall be provided with a combination of back pressure check and
excess flow valve to prevent massive ammonia leakage in the event of a catastrophic line break.

7.2.5 The storage tank and handling facilities shall be designed to the following codes and
standards:
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a. IS 4544 |atest edition

b. CGA G_2.1—2014 6th Edition (formerly ANSI K61.1), OSHA etc.

c. ASME Section VIII - Pressure Vessels

d SMPV, Static Mobile Pressure Vessel

In addition, the Vendor shall be responsible for meeting all the Iatest local codes and standards
for the safe storage of anhydrous ammonia.

7.2.6 Each tank shall be equipped with the following equipment as a minimum:

a. One manhole shall be provided

b. Pressure measurements (gauge/transmitter) connections with isolation valves

c. Two (2) safety relief valves sized so that either valve can protect the tank

Note: The safety relief valve design shall permit maintenance and removal without draining the
tank.

d. Level Indicator/transmitter

e. An ammoniasensor and alarm located near the vicinity of the tanks.

Note: The permissible liqguid anhydrous ammonia level shall not exceed 85% of the tank's total
capacity. The level measurement shall be capable of actuating an alarm signal in the main
control room when the storage level reaches a low or high level. The low level alarm shall allow
the plant a reasonable amount of time to order an additional shipment of anhydrous ammonia
while operating the plant at full load capacity.

7.2.7 All materials furnished for the ammonia storage and handling facility shall be compatible
with anhydrous ammonia. Use of copper, brass, zinc, galvanized steel and copper containing
alloys are not acceptable. Cast iron fittings shall not be used.

7.2.8 All piping, tubing and fittings shall be at least ASTM A-53, Grade B seamless or electric
resistance welded (ERW) pipe. All piping joints shall be fully welded. No threaded connections
anywhere in the ammonia equipment shall be acceptable. Hydrostatic relief valves shall be
included where there is a possibility of liquid ammonia being trapped between two valves.

7.2.9 All necessary platforms, grating, handrails, ladders, etc. shall be provided to access all
instrumentation, hose connections, safety relief valves, safety equipment and maintenance
items.

7.2.10 Tank supports shall be designed to minimize settlement or lateral movement. In addition,
the supports should be capable of withstanding exposure to fire, wind, earthquake, floods, etc.

7.2.11 A water spray system shall be provided for cooling the tank and hence, controlling the
vapour pressure inside the storage tank. The actuation of the spray system shall be connected to
the local control system to initiate spray when the vapour pressure rises above permissible level.
Local control panel with required control logics and interlocks shall be supplied by vendor.

7.2.12 A covering or canopy shall be furnished to protect the tank from direct exposure to
sunlight.

7.2.13 The ammonia storage tanks shall be protected by guard posts or other appropriate traffic
barriers.

7.2.14 The Vendor shall supply an eyewash and safety shower station in close proximity to the
storage tanks. Additional safety equipment such as a face masks and canisters, gloves, boots, etc.
shall be provided. The safety equipment shall satisfy international and local code requirements.
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7.2.15 All primers and finish paints furnished by the Vendor shall be compatible for outdoor
ammonia applications.

7.3 Ammonia Vaporizers

7.3.1 The ammonia delivery system shall be designed for vapour withdrawal from the storage
tank. Two (2) x 100% capacity, ammonia vaporizers {electric/ steam) capable of furnishing the
maximum design anhydrous ammonia flow rate shall be supplied.

7.3.2 The steam vaporizer assembly shall be installed in a natural circulation loop, taking liquid
ammonia from the bottom of the storage tank and returning the vaporized ammonia to the top of
the tank. All piping welds in this loop shall be stressed relieved. All piping connections shall be
fully welded. Threaded connections are not acceptable.

7.3.3 Vaporizer operation shall be controlled by an adjustable pressure switch or transmitter on
the storage tank. The vaporizers shall operate whenever the vapour pressure in the storage tank
drops below the set-point.

The Vendor is to recommend the set point pressure range for the pressure switch.

7.3.4 A thermostat controller shall be located within each vaporizer to prevent overheating. The
vaporizers shall be designed so they cannot be activated unless liquid ammonia surrounds the
heating elements.

7.3.5 The vaporizers shall be capable of being independently isolated for maintenance without
draining the ammonia storage tank.

7.3.6 Electric heating elements (if applicable) shail not be in direct contact with the ammonia. The
vaporizers shall be designed for an electric source as specified in Part I11.

7.4 Dilution Blower Skid

7.4.1 A separate dilution air skid located near the ammonia injection grid shall be provided. The
skid shall include the following equipment:

a. Ammonia flow control and stop valves

b. Two 2 x100% dilution air blowers

c. Local skid piping and instrumentation

d. Inline ammonia - air mixer

7.4.2 The skid shall be furnished complete with piping, valves and fittings. Design shall be in
accordance with the ASME Boiler Code and the Power Piping Code ANSI B31.1. ANSI Standards
B1.1, B2.1, and B18.2 shall govern all material and workmanship. All piping connections shall be
fully welded.

7.4.3 All materials furnished shall be compatibie with anhydrous ammonia. All instrumentation
required for the safe operation and maintenance of the skid shail be provided.
7.4.4 Two (2)x100% dilution air blowers shall be furnished. The blowers shall be installed on the
same skid. The following specified conditions, shall be provided by the vendor for each blower.
a. Minimum air volume per blower
b. Minimum discharge pressure per blower
¢. Maximum ambient air temperature
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Operation of the blower shall be continuous even after the ammonia to the system has been
terminated. The system shall also accept operation of two blowers at the same time.
Capability of starting the idle blower within ten {10) seconds shall be provided.

7.4.5 Each blower shall be furnished with the following accessories:

a. Flanged inlet and outlet connection with vibration isolators

b. Inlet air filter

c. Silencer to meet 85 d.BA at one {1) meter

d. Motor as specified as in Part |l

e. Direct drive

f. Local cabinet for manual start/stop capability

g. Remote automatic start/stop capability

h. Discharge line check valve to ensure no air backup through the idle blower

7.4.6 Checks on operation of all fans and all rotating equipment to ascertain level of noise and
vibration.

7.4.7 Characteristic curves of the performance of both single and dual bilower operation shali be
provided. The Vendor shall ensure that the ammonia requirements of the SCR system do not
necessitate having the concentration of ammonia in air above 5% by volume over the entire
operating range of the unit. The Vendor shall also include the predicted sound pressure levels at
one meter from the source during blower operation.

7.4.8 Vendor may recommend any other aiternate dilution air source for purchasers review and
acceptance.

7.4.9 A mixing device (if applicable), located on the skid, shall be furnished in the dilution air
pipingto ensure a homogeneous ammonia-air mixture to the ammonia injection inlet manifold.

7.4.10 The Vendor shall be responsible for testing all piping, hose and tubing at a pressure not
less than the normal operating pressure to ensure a completely leak free system.

7.5 An ammonia sensor and alarm {local and remote) shall be located in ciose proximity to the
dilution air skid area.

7.6 The Vendor shall supply an eyewash and safety shower station in close proximity to the
dilution air skid. Additional safety equipment such as face masks and canisters, gloves, boots, etc.
shall also be provided in this area.

The equipment shall satisfy international and local safety codes.

7.7 Ammonia Connecting Piping

7.7.1 The Vendor shall supply all required interconnecting piping between the ammonia storage
tank/vaporizer skid and the dilution air skid, and from the dilution air skid to the ammonia
distribution inlet manifold. All piping shall be selected for the safe installation of an above
ground system compatible with anhydrous ammonia. Final location of the ammonia tank and the
dilution air skid shall be specified by the Purchaser. The Purchaser shall review and approve all
field runammonia piping supplied by the Vendor.

7.7.2 All piping and fittings shall be at least ASTM A-53, Grade B seamless or electric resistance
welded (ERW) pipe. All pipe joints shall be fully welded. Piping larger than NB 50mm shall be a
minimum of schedule 40. All pipe sizes equal to or less than NB 50mm shall be a minimum of
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schedule 80. Hydrostatic relief valves shall be included where there is a possibility of liquefied
ammonia being trapped between two valves.

7.7.3 Piping stress analysis, support details and locations shall be furnished by the Vendor.
7.7.4 All piping supplied by the Vendor shall be properly supported above ground.
7.8 Waste Ammonia Dilution Tank

7.8.1 The Vendor shall provide an ammonia dilution tank to thoroughly neutralize any ammonia
gas and/or liquid discharge from the ammonia plant (various equipments). The dilution tank shall
be sized to accommodate neutralizing the quantity of liquid ammonia resulting from the
complete drainage of the ammonia storage tanks. An optimized arrangement using one (1) large
tank to accommodate the number of SCR units specified in the enquiry.

7.8.2 The Vendor shall supply all required interconnecting piping from the ammonia equipment,
relief valves, etc. to the dilution tank.

7.8.3 The dilution tank shall operate at atmospheric pressure via an atmospheric vent. Ammonia
gas shall be prevented from escaping through the atmosphericvent. The vent line shall be
extended beyond the canopy of the dilution tank along with rain cap.

7.8.4 Dilution tank shall be provided with a service water make-up line and a drain line along with

control valve in each line. A motorized isolation valve shall be provided on the upstream of
control valve and a manual isolation valve shall be provided on the downstream of control valve.

8. Ammonia Injection System

8.1 In general, the ammonia injection system shall consist of multiple flow control zones across
the SCRinlet duct. Each zone shall be independently controlled by modulating flow control valves
located on the piping exiting the ammonia distribution manifold. Individual injection pipes shall
be configured with nozzles spaced uniformly across the inlet gas duct plane to enable thorough
mixing of the ammonia/air mixture. Number of nozzles shall be suitably decided by the vendor
and the supporting documents shall be furnished. Injection of ammonia shall be inthe direction
of the gas flow. Counter-current injection is not acceptable. All ammonia injection grid pipe
openings shall be protected to avoid ash laden flue gas from plugging nozzles. The system shall
be designed with external connections to allow a compressed air source to purge nozzles in any
individual line.

8.2 The location of the ammonia injection grid in the ductwork shall ensure the uniform
distribution of ammonia in the flue gas stream prior to entering the first catalyst layer. The
ammonia injection grid shall maintain the ammonia to NOx molar ratio at the entrance to the first
catalyst layer to within +/-5% of theoretical requirements. The Vendor shall provide a test
procedure for fine-tuning the grid and validating this criteria.

8.3 Ammonia injection grid piping NB 50 mm and larger shall be minimum ASTM A53, schedule 40
carbon steel pipe. Each branch shall have a manual flow regulating or throttling valve, flow
orifice, and test connection with valve fora manometer. The ammonia inlet supply manifold shali
be provided with temperature and pressure gauges.
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8.4 All ammonia injection piping extending into the ductwork shall have carbon steel angle
sections welded on the leading edge to minimize flue gas flow separation across the injection
grid.

8.5 The ammonia injection grid shall be properly supported to prevent thermal distortion and
damage due to vibration induced by the gas flow. The grid shall be designed for maximum
thermal expansion, assuming no cooling is available from ammonia or dilution air. Flex hoses
shall be furnished as required to connect the internal grid piping to external piping from the inlet
manifold.

8.6 Detailed drawings of the Vendor's ammonia injection grid design shall be furnished to the
Purchaser for review and approval.

8.7 The ammonia injection grid design shall be tested in a 1/10th physical flow model as in Clause
No 5.0. Layout and number of ammonia injection nozzles, flue gas mixer design, and the location
of the grid and gas mixer upstream of the catalytic layers shall be confirmed by flow model
testing. Ammonia concentration uniformity shall meet the requirements specified in 8.2.

8.8 Aiternatively, any other proven and successfully operating technology for ammonia injection
into SCR system can be offered by vendor with sufficient technical back up documents subject to
Purchaser’s approval.

9.0 INSTRUMENTATION AND CONTROLS

9.1 Controls

9.1.1 All the control logics and interlocks required for the SCR system shall be furnished by the
vendor for implementation in purchaser’s DCS. The control system logics and interlocks shall
ensure safe and efficient operation of the system.

9.1.2 The controls shall be based upon monitoring of NOx at the inlet and outlet of the SCR
reactor integrated with boilerload and the ammonia to NOx molar ratio setting.

9.1.3 The control shali also include logics for all auxiliary equipment/systems associated with
the SCR system, i.e., ammonia unloading, storage, handling and preparation system, dilution air
supply system, ammonia injection system, de-dusting system and any other associated
systems/equipment etc.

9.1.4 For the de-dusting system offered by vendor, all relevant control logics, interiocks and
sequence of operation shall be provided by the vendor for implementation in purchaser’s DCS.

9.1.5 All automatic controls, interlock/protection and monitoring shall have high integrity. No
single failure / fault shall cause failure of the controls or cause the protection system to operate
spuriously or become inoperative. All critical logics in the control system shall be structured with
triple redundancy so that no single failure within the control system can cause the failure of SCR
system / plant.

9.1.6 The control panels associated with the system shall be located in purchaser’s control
equipment room. However, vendor shall provide local control panels wherever necessary, based
on process control requirements. Irrespective of location, these panels shali communicate with
the purchaser’s DCS, as applicable.
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9.1.7 The Vendor shall provide a complete description of the SCR system’s control and
operation including cold, warm and hot start-up and shutdown procedures and normal operation.
A Complete description of the process and the control logic write-up shall be supplied.

9.1.8 As a minimum, the following signals shall be included in the vendor's control logic and
shall be used for alarm/indication/SOE in the Purchaser's DCS. The list of signals listed is
indicative only and vendor to include additional signals as applicable. The complete list of signal
shall be finalised during the detailed engineering stage.

a. SCRgastemperature "Low"

b. SCR gastemperature "High"

c. SCR differential draft loss "High" - monitored across SCR system and across each catalyst

layer

d. Dilution air flow "Low"

e. “Loss of power”

f.  Ammonia shutoff valve "Closed/Open"

g. Ammonia storage level "Low" and "High"

h. Ammonia storage pressure "High" and "Low"

i. Indication of SCRinlet and outlet NOx-02 values

j.  Indication of SCR system gas draft loss

k. Ammonia flow

I.  Indication of SCR gas temperature (three locations)- upstream of ammonia injection grid,
upstream of the first catalyst layer and on the last layer of catalyst

m. Dilution air blower on/off - specified for each blower

n. Ammonia liquid storage level in the tank

0. Ammonia storage pressure

p. Ammonia slip

Note: Alarm set points shall be specified by the Vendor. All Instruments required for the
generation of the above signals shall be supplied by the vendor.

9.1.9 Requirement of any other controls/system not specified herein, but shall be a
requirement for the intended process shall be judiciously decided by the vendor and supplied
along with the system.

9.2 Instrumentation

9.2.1 Vendor shall provide complete instrumentation for the SCR system and other associated
systems specified under section 4.

9.2.2 The minimum requirement/quantity of instruments/equipments shall be as indicated in
the P&ID. However, Vendor shall include the additional instruments/equipments if required, to
meet the process requirement. Vendor shall consider redundancy for instruments as specified in
the detailed specification.

9.2.3 NOx analyser shall be provided to continuously measure NOx emissions in the ductwork
upstream of the ammonia injection grid and in the outlet duct directly below the SCR reactor
chamber. An air conditioned cabinet shall house the two rack-mounted inlet and outlet analysers.
All analog inputs/outputs shall be 4- 20mA (2 wire) signals. All digital input/output signals shall
be dry contacts.

9.2.4 Inaddition to the NOx analysers, other analysers such as 02 and SO2SCR reactor inlets and
NOX, 02, SO2, NH3Analysers at SCR reactor outlets shall be provided by the vendor. Other
instruments such as differential pressure transmitter to measure draft loss across all/individual
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catalyst layers, gas temperature measurementsat upstream of the ammonia injection grid and
before the first catalyst layer, catalyst surface thermocouples on the last active catalyst layer,
local pressure and temperature indicatorsshall also be provided.

9.2.5 In addition to the NH3 analyser at SCR reactor, acceptable wet chemistry methods shall be
used forammonia level measurements at the outlet of the reactor chamber are required.

9.2.6 For other auxiliary systems such as the Ammonia unloading, handling, storage and
preparation system, Ammonia injection system, dilution air supply system and De-dusting
system, complete instrumentation shall be provided by the vendor.

9.2.7 The material of construction of all instruments/equipment and the sensing elementin all
the instruments shall be decided by the vendor to suit the process medium. However, the same
shall meet the minimum requirement of the detailed specifications (Refer annexures) as
applicable.

9.2.8 All local instruments shall be suitably grouped and mounted on (LIR) local instrument
racks located at appropriate places. All process transmitters shall be housed in (LIE) local
instrument enclosures. All the field equipment, drives & instrument enclosures shall be suitable
for the Hazardous area of classification.

9.2.9 Individual pair shielded and overall shielded instrumentation cables shall be used for
interconnection of analog signals. Overall shielded cables shall be used for interconnection of
digital signals. Instrumentation cables used for feedback signalsfrom field and control cables
used for command signals tofield instrument/equipment shall be separated and shall be
terminated in different junction boxes.

9.2.10 All the equipment in vendor's scope shall be suitable to operate in the power
supply/voltage ratings indicated in Annexure-Q (electrical power supply details).

10.0 PAINTING AND FINISHING

10.1 Painting

The Vendor shall perform surface preparation, primary and finish painting in accordance
with the manufacturer's standards for all exposed surfaces. Painting schedule shall be furnished
for purchasers review and approval.

10.2 Marking
a) Stainless steel nameplates with following boldly engraved shall be firmly fixed to the
body: Maker's name & production serial number and technical/process parameters.
b) Each spare shall be individually tagged with part name, makers name & spare code.

10.3 Packing
a) All opening shall be firmly capped against ingress of water or dust.
b) Shall be roadworthy/seaworthy packed in wooden boxes with water proof under cover.
¢) Liberal packing material & struts shall be used to arrest rolling & to protect from transit
damages.
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11.0 SPARES AND SPECIAL TOOLS

11.1 Mandatory spares as per the list enclosed separately shall be offered.

11.2 Vendor shall recommend one (1) year spare parts necessary for maintaining the SCR
equipment.

11.3 The item wise price for the spares (recommended and mandatory) offered shall be
mentioned.

11.4 Vendor shall supply the required commissioning spares at the time of commissioning at site.
11.5 Special tools or materials shall be furnished, as required, for the proper handling, storage,

erection, start-up and maintenance of the Vendor's equipment.

12.0 INSPECTION AND TESTING

12.1 Access to the Vendor's or sub-contractor’'s manufacturing facilities shall be provided for the
purpose of inspecting the work and witnessing testing of the SCR equipment. At least two (2)
weeks advance notice shall be given by the Vendor to the Purchaser or his representative.

12.2 Acceptance of the Vendor's equipment shall be based upon the successful completion of
performance tests carried out by the Purchaser. The Vendor shall submit correction curves for gas
temperature, oxygen content, flue gas volumetric flow and inlet NOx for determining
performance for off- design field operating conditions. The Vendor shall provide a field
representative to assist in tuning of the ammonia grid and advise the Purchaser during all
performance testing.

12.3 The Vendor shall submit a performance test procedure as well as plans for tuning all
furnished equipment for the Purchaser's review and approval.

12.4 All performance tests confirming SCR guarantee requirements shall be in accordance with
acceptable EPRI testing methods or equivalent.

13.0TRAINING

13.1 The Vendor shall provide a one (1) week training program for the Purchaser's personnel to
operate and maintain the equipment supplied by the Vendor.

13.2 The training program shall include a description of the equipment, the proper operation of
the system, the limits of the design, and the recommended maintenance (including module
storage and disposal) and inspection procedures. Training manuals shall be submitted to all
participants. Both classroom and field instruction shall be provided by the Vendor.

13.3 The Vendor shall submit a copy of the proposed training manuat three (3) months prior to
training for the Purchaser’s review and approval.
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14.0 DOCUMENT SUBMITTAL REQUIREMENTS

14.1 The following documents, drawings and information shall be furnished by the Vendor along
with the offer:

Point-wise confirmation to the technical specification. Any deviation shall be clearly brought-out
separately along with proper technical justification for Purchasers review.

14.1.1 General arrange ment of SCR reactor & systems including but not limited to the following:

cze

]

Q.
~— —

SCR housing and ductwork dimensions including terminal points

Catalyst module dimensions and arrange ment within the reactor chamber

SCR housing and ductwork loadings

SCR catalyst and reactor chamber and loading plan —elevation wise

SCR catalyst handling load and location sketch

SCR catalyst loading intensity for floor design

Canopy require ments (if any) of reactor chamber and sketch

Sample and Recommended structural arrangement and cautions to be taken in steel
design

No bracing and no beam zone marked in arrange ment drawing (if applicable)

Cable, rack and any other loading requirements to be taken care by the steel design
Horizontal guide loads and location (Support and seismic/wind guide requirements)
Expansions required to interface with the Purchaser's ductwork and support steel
Structural steel support and access platform requirements. The Vendor must maintain
support points, box dimensions, etc. to those shown on the SCR arrangement drawing.
Proposed monorail and hoist arrange ment, handling procedure

Internal and external support steel requirements and loadings for the installation and
removal of catalyst modules

Access door locations and dimensions in the SCR reactor housing and associated ductwork
Ammonia injection grid location, supports and access requirements. The support
documents for number of nozzles and its arrangement

Flue gas mixing devices including location, dimensions, support details and access
requirements (if applicable)

De-dusting equipment locations and internal/external support requirements and access
requirements

Dilution air skid size and location

Piping layout and proposed support from dilution skid to ammonia injection distribution
manifold

14.1.2 Other documents

h)

Ammonia consumption calculation and storage tank sizing calculation

All essential Civil inputs forammonia dyke area shall be furnished

Confirmation of the Purchaser's information shown on plant arrange ment drawings

All P & | diagrams along with write up and applicable valve schedule for all related
systems

Control logic diagrams including a list of all analog and digital inputs and outputs
associated with the SCR control system

Proposed permanent sealing method with a detailed description of the sealer material
and material safety data sheet for sealer

Proposed catalyst disposal requirements and procedures

Proposed module activity tests and recommended ten (10) year replacement schedule
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p)
a)
r)

t)

Summary of predicted performance at all operating load conditions specified in Part 1.
Utility consumption list (i.e., auxiliary steam, service air, instrument air, service water,
etc.).

Summary of operating and installed power for all supplied equipment

Auxiliary Power Consumption

Recommended list of one (1) year spare parts

Instrument List clearly indicating the Scope of instruments.

Drive List indicating type of drive {(pneumatic, electric, LT motor, valve/damper etc.),
Voltage, Type of power supply, rating, FLC, Speed

List of Analog and Digital 1/Os

Electrical Load list indicating Voltage, Type of power supply, rating, location of load

List of Local control panels indicating the system which is controlled from the local panel
List specifying the systems which are controlled from purchaser’'s DDCMIS.

List of all bought-out items with vendor details. The vendors are subject to Purchaser’s
review and approval.

Filled in data sheets (Refer Part —l).

Terminal Point drawing/document with well-defined boundaries for scope.

14.2 The following documents, drawings and information shall be furnished by the Vendor on
award of the contract:

Detail drawings of the hydraulic trolley and spreader beam for the catalyst installation.

Test port and instrument locations including number of proposed sampling probes and
locations for permanent instrumentation

Structural steel drawings of reactor housing and internals including catalyst support steel
and installation rails, monorail support steel, soot blower support steel, casing details,
internal baffles, sealing plates, etc.

Ductwork drawings showing internal supports, sealing plates, vaning, baffles, access door
locations, test port locations, instrumentation locations, etc.

Soot blower arrangement drawings including details of internal lances and supports,
proposed supply piping layout to a common terminal point, piping support requirements,

etc.

Detail drawing of ammonia storage tank including associated piping, instrumentation,
support, etc.

Detail drawing of ammonia vaporizers.
Ammonia piping layout drawings including support details from the storage tanks to the
vaporizer skid and from the vaporizer skid to the dilution air skid. Drawings shall also

provide details of the ammonia accumulator.

Detail drawings of the neutralization tank including location, all instrumentation and
interconnecting piping.

Module handling, storage, installation and removal procedures.
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Operating instruction manuais (minimum 3manuals along with soft copy). The manuals
shall contain complete operating and maintenance instructions for the care and operation
of the Vendor's equipment.

List of all bought out items along with technical specification, datasheets and support
documents.

. Details of the Vendor's training program per the requirements listed in Clause 13.

Submittal of physical flow model test report.

Completely Filled in Data sheets

The Vendor's control philosophy shall be incorporated into the Purchaser's overall
distributed control system. As a minimum the following information shall be provided by
the Vendor in order to assist the Purchaser in the detailed design of the control system:

P&IDs with write up

SCR digital logic diagrams & Write-up for SCR and all associated systems

SCR analog logic diagrams & Write-up for SCR and all associated systems

SCR graphic display diagrams

Interconnection drawings, Location of JBs, Local panels, cable lists

Instrument List, Drive List, I/O List, Electrical Load list as per the purchaser’s format
Signal exchange list between SCR control system and plant control system

Alarm and SOE list

Valve/dampers list

Equipment/instrument grouping, LIE/LIR grouping list

Instrument installation drawings/ Hook up drawings

Instrument air requirement

Vendor datasheets and O&M manualis

Quality Pian, Inspection and Test Plan, Type test certificates

Any other drawings/documents found applicable during contract stage

Vendor to clearly furnish the special requirements to be taken care by purchaser for
equipment/instruments in Purchaser’s scope.
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4 Site Condition
5 Electrical C&I Specifications
5.1 | Terminal Points for Electrical C&! Equipment- Annexure P
5.2 Electrical Power supply Details — Annexure Q
5.3 Specification for Electric Actuators — Annexure R
5.4 Specification for Motors — Annexure S
55 Specification for Field Instruments and Analysers — Annexure U
5.6 Specification for Cables, Cable Trays and Cable Glands — Annexure V
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7 Process and Instrumentation Diagrams
7.1 Scheme of De-NOx system — Key Diagram (1-SR-DNX-00001)
7.2 Scheme of De-NOx system — Ammonia Unloading and Storage system (1-SR-DNX-00002)
7.3 Scheme of De-NOx system — Ammonia Vaporizer and Accumulator (1-SR-DNX-00003})
7.4 Scheme of De-NOx system — Boiler Island (1-SR-DNX-00004)
7.5 Scheme of De-NOx system — Waste ammonia handling, Safety system (1-SR-DNX-00005)
8 SCR Arrangement drawing (0-SK-SCR-00001)
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PERFORMANCE AND GUARANTEE

The Supplier shall Guarantee that the equipment/materials furnished hereunder will be
entirely suitable for the service specified, conform to all conditions of performance and
design, be free from manufacturing and material defects.

The Supplier shall guarantee the following based on all operation conditions for any coal
specified, during the guarantee of catalyst life, unless otherwise specified:

A) Overall NOx removal efficiency (%)

B) NOx content of the flue gas as measured downstream of the SCR sys-
tem (ppm vol dry. as 02 6%)

C) Ammonia slip as measured downstream of the SCR reactor (ppm vol
dry as 02 6%)

D) Conversion rate of SO2 to SO3 (%)

E) Catalyst life (after Commercial Operation Declaration) to meet the NOx
removal efficiency and ammonia slip (From the point of boiler flue gas
passing through SCR De-NOx system initially)

- with the initial charge of catalyst (Operating Hours)

F) SCR De-NOx system gas side draft loss (mmH20)

- With all catalyst including future layer at BMCR (max. pressure drop)

- With the initial fresh/dirty catalyst at TMCR

G) Ammonia consumption at TMCR (kg/h unit)

H) Molar ratio of NH3 to NOx

I) Auxiliary Power consumption at TMCR-Design coal

PRQOJECT DN101 TDN:SCR:001/ Part Il Page 3 of 86
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Project Name: DN101
SCR Selection Sheet Rev 00

Load
BMCR- TMCR- Design | HP Out- 60TM- BMCR-
Sino Description Units Coal (Guarantee | Design Design Worst TMCR-
Design Coal Condition) Coal Coal Coal Worst Coal

1 Flue gas flow at Economiser Qutlet kg/hr 3248962 2959465 3069706 | 1833372 3221170 | 2911296
2 Flue gas temperature entering SCR deg C 362 352 294 312 358 348
3 Total Volumetric Gas Flow at Actual Temperature m3/hr 5928763 5313223 4999521 | 3065839 5846044 | 5189476
4 Total Volumetric Gas Flow at 0 deg C Nm3/hr | 2548901 2320816 2407177 1430725 2529271 | 2281364
5 Pressure at SCR Inlet mmwWC | -141 -124 -130 -70 -140 -121
6 Flue gas constituents, Wet Basis - % By Weight

i CO, % 20.576 20.576 20.576 20.576 21.321 21.321

ii N2 % 67.950 67.950 67.950 67.950 69.574 69.574

iii 02 % 3.420 3.420 3.420 3.420 3.493 3.493

iv SO; % 0.068 0.068 0.068 0.068 0.128 0.128

v H.0 % 7.987 7.987 7.987 7.987 5.485 5.485
7 SO3 in Flue gas at SCR Inlet at 6% 02 dry volume basis ppm 3.9 39 3.9 3.9 73 7.3
8 Inlet Particle Dust Concentration gm/Nm3 | 17.1 17.1 17.1 17.2 489 49.0
9 Permissible'SOZ to SO3 conversion in SCR at 6% 02 dry % Less than 1%

volume basis
NOx concentration to SCR Inlet at 6% 02 dry volume

10 basis mg/Nm3 300 to 325
11 NOx required at SCR Outlet at 6% 02 dry volume basis mg/Nm3 Less than 100
12 Maximum Permissible slip ppm 3

Note:

1) A variation of +/- 5% may be considered on the flue gas volume for design
2) Maximum pressure drop allowed : 100mmW(C (From Eco Outlet to SCR Outlet including duct losses)
3) Required Catalyst life: Minimum 16000 hrs after Commercial Operation Declaration {both mechanical and Chemical Life)

4) Reagent Used : Anhydrous Ammonia (99.5%)

5) Min distance between Catalyst modules = 1300mm
6) Liquid capacity of ammonia storage tank should be for 14 days
7) Ammonia tank to be located 1.2 km from boiler area
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8 o Fuel Analysis
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Project Name: DN101
SCR Selection Sheet Rev 00

Site Condition

. Ambient temperature and Relative humidity for

. Steam gencrator design : 27 Deg.C & 60% RH

. Steam generator efficiency and auxiliary power : 27 Deg.C & 60% RH
consumption guarantee

. Ambient Temperature (Range) : 131047.6 Deg.C
Relative Humidity (Range) : 45%1082%

. Plant Elevation (above mean sea level) : 215m

. Wind Load

. Mean Wind Speed : 16.5 kmph
Category of Terrain 1 Asper IS:875

. Seismic Load : Zone 11

Asper IS 1893 (Part IV)
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PROJECT - DN101

Annexure P

Terminal Points for Electrical C&l Equipments

a) | Remote pressure, level, flow Up to field junction boxes for vendor
measurements supplied equipment mounted
instruments.
Up to root valves for purchaser supplied
line mounted instruments
b) | Remote temperature Up to field junction boxes for vendor
measurements supplied equipment mounted
instruments.
Up to tapping point stub with M33x2 (F)
Thread, for purchaser supplied line
mounted instruments
c) | Test temperature tappings Thermowell with caps
Pressure & Flow Test pockets Up to root valves
d) | Electric drives (LT Motors and Terminal box with cable glands.
servomotors)
e) | UPS, 220V DC, 240VAC At individual equipment’s input terminal
f) Signals from/to motorized actuators At actuator terminal box.
to/from DDCMIS
g) | Signals fromvto local control panels At the terminals of local control panels
h) | Pneumatic Control valves and Integral terminal box.
regulating actuators.
All sighals of valves shall be internally
wired & terminated in the Integral
Junction Box for external connection to
DDCMIS
i) Instrument air distribution Equipment end
)] Earthing Equipment terminals
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Electrical Power supply Details:

1. The voltage level for motors shall be as follows:

a) Up to 0.2 KWV: Single phase 240V AC / 3 phase 415V AC, 50 Hz
b) Above 0.2 KW and up to 175 KW: 3 phase, 415V AC, 50 Hz

c) Above 175 KW and up to 1500 KW: 3 phase, 3.3 kV AC, 50 Hz
d) Above 1500 KW: 11 kV, 50 Hz

2. DC System Voltage: 220 V DC
3. UPS Power supply: 240V AC, 50 Hz
4. Utility Power supply (Space Heating, Lighting): 240V AC, 50 Hz

PROJECT DN101 TDN:SCR:001 / Part Il

PROJECT - DN101

Annexure Q

Page 8 of 86



PROJECT: DN 101

ANNEXURE-R

Electrical actuator

(Open/Close duty& Inching duty applications)

SI. No. Details Technical Requirements
Open/Close or Inching or Regulating duty, suitable for
Valve/damper applications.
1 | Actuator Application Suitable gearboxes shall be coupled (if required} to achieve the
torque requirements of the load.
Actuator mounting shall be suitable to the load requirement.
Electrical Actuator with integral starter for Open/Close and inching
2 | Actuator type o
duty applications.
The actuator shall be of Open/Close or Inching or Regulating duty as
3 | Actuator Duty L .
per the application requirement.
Totally enclosed weatherproof construction meeting IP-65
protection class requirements.
4 | Actuator Construction All the gears available in the actuator shall be of metal (Fiber gears
are not acceptable).
Actuator shall have self-locking facility.
Shall have a lever and hand wheel mechanism for manual operation.
5 Manual operation The hand wheel mechanism shall be designed such that it is
through Hand-wheel . .
declutched automatically when the power supply to the motor, is
restored.
Shall be designed to meet with the required torque at the output
6 |1 . . shaft as per the load requirement. The adjustable range of run
orque requiremen torque and starting torque of actuator shall be indicated (in kgm) for
the actuator offered.
- . The operating time of the actuator required for the complete travel
perating time has to match with the load requirement.
8 | Supply voltage 415V, 3 phase AC supply, 50Hz.
The actuator shall operate without any trouble under power supply
9 |p 1 o voltage variation of = 10% of the rated value, power supply
ower supply variation frequency variation of + 5% of the rated value, combined voltage and
frequency variation of 10% of the rated value.
PROJECT DN101 TDN:SCR:001 / Part i Page 9 of 86
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SI. No.

Details

Technical Requirements

10

Motor type
&construction

Motor type shall be of Squirrel Cage induction type (or) Permanent
Magnet Synchronous motor (or) BLDC.

Shall be of Totally Enclosed, Self-Ventilated construction with
weather proof enclosure conforming to IP-65.

Shall have double shielded, grease lubricated anti-friction bearings.

11

Motor Insulation

Shall have class F insulation with temperature rise of the motor
winding limited to Class B.

Motor winding shall be tropicalized, suitable for the site conditions.

Temperature rise over ambient temperature of 50 °C shall be 70 °C.

12

Motor duty cycle

The duty cycle of the motor shall be short time S2 duty cycle rated
for the period of operation of 15 minutes or rated for 3 successive
open-close operations whichever is longer.

For inching duty, motor shall be suitable for 150 starts/hour.

For regulating duty, motor shall be S4 duty with Cyclic Duration
Factor of 60% and suitable for 1200 starts/hour.

13

Motor Starting

Motor shall be suitable for direct on-line starting.

Starting current shall be limited to 6 times the full load current
exclusive of tolerance.

Shall be capable of starting at 85% of rated voltage and Running at
80% of rate voltage for a period of 5 minutes.

14

Standards

Actuator shall be conforming to 1S-9334 or any other equivalent
international standard for all requirements.

Motor shall be conforming to IEC-60034, 1S-325 or any other
equivalent international standard for all requirements.

15

Motor Thermostat

Motor  winding shall be provided with inbuilt thermostat
connected in series (one thermostat in each phase) and shall be
wired to terminal box.

16

Space heater

Shall have a space-heater with suitable rating and the power supply
shall be derived internally from the main power supply.

17

Earth terminals

2 Nos. of earth terminals shall be provided on the body of the motor.
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Sl. No. Details Technical Requirements

2 numbers of adjustable torque limit switches (one for open and one
for close), each with 2 NO and 2 NC potential free contacts. The
torque limit switches shall have calibration in Kg-m (for whole
actuator including gear box if supplied), so that the switches could
be easily set to any desired value, within the range specified for each
actuator.

Torque switches shall be bypassed in both the end positions using
the position Limit switches available at the other end of the travel.

Actuators shall have provision for bypassing the torque switch
during initial 5% opening of valves.
& position limit
18 ST‘:,?;;EES posttion tmd 4 numbers of position limit switches, rotary drum type capable of
' being set at any position(2 nos. for open and 2 nos. for close) each
with 2 NO & 2 NC potential free contacts.

All Gear train mechanism shall be made of suitable metal only.

Shall be enclosed in a dust & weather proof compartment and the
compartment shall have enough space suitable for calibration.

Contacts of limit and torque switches shall be Silver plated having
high conductivity and non -corrosive type.

Contact rating of all the above limit switches shall be 5 A at 240 V AC
and 0.5 A at 220 VDC.

19 | Local position indicator | Shall be provided to indicate 0 to 100% travel.

Actuator shall be provided with an electronic positioner and related
electronic controls required for positioning the actuator, accepting
4-20 mA command signal.

Shall have following standard, adjustable control features in the

Positioner Controls actuator.
(Applicable only for
20 regulating duty SPAN :-
applications) To calibrate the position feedback signal with the travel of the

actuator for 100% range of position demand signal.

ZERO :-
To calibrate the position feedback signal with the travel of the
actuator for minimum value of demand signal.
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S1. No.

Details

Technical Requirements

DEAD BAND :-
The actuator should meet the process requirements.

STAYPUT :-
The positioner shall have STAYPUT characteristics on loss of the
demand signal.

Solid State reversing circuit shall be provided for forward and
reverse operation of the actuator.

21

Position Feedback
transmitter

For inching duty and regulating duty applications, position feedback
transmitter has to be supplied. Shall be 2 wire, non-contact type
(LVDT) electronic position transmitter with an output of 4-20 mA DC
and shall be loop powered from external power supply. The output
shall also be capable of driving minimum 500 ohms load in the
control circuits.

22

Internal wiring

Shall be done with 1.5 sq.mm PVC insulated, stranded copper wire of
650V grade for control signals. For Power circuits, internal wiring
shall be done using suitable size of stranded cables, taking care of the
motor current rating.

Ferrules should be used for easy identification. Internal wiring and
the terminal block drawing shall be neatly pasted on the internal
side of the terminal box.

23

Terminal box

All terminals of the position limit switches, torque limit switches,
space heaters shall be terminated in the terminal box. The terminals
shall be of cage clamp type suitable for the cables of size 2.5sq.mm.

Minimum 6 numbers of spare terminals shall be made available in
the terminal board.

Terminal box of actuator shall be weatherproof conforming to IP-65
and shall have enough space for connecting cable glands/plug and
sockets. Terminal box shall be fitted with a removal front cover-
plate.
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S1. No.

Details

Technical Requirements

24

Cable Termination
philosophy

Termination of Power Cable :-
Double compression type, Brass with Nickel plated cable glands shall
be provided for the termination of power cable. Motor terminals
shall be of stud type. Cable gland along with blanking washers shall
be selected suitable for the power cable sizes as indicated below.

e Upto3KW-3Cx 2.5 sq.mm. Copper,OD - 17 mm + 2 mm.

e >3KW&upto7 KW -3C x 6 sq.mm, Aluminium, OD - 19
mm + 2 mm.

Termination of Control Cable:-

3 Nos. of Double Compression type, Brass with Nickel plated cable
glands have to be supplied for the termination of the
control/instrumentation cables suitable for a cable OD of 18mm.

25

Fasteners

All  fasteners wused in the equipment shall be of a corrosion
resistant material.

26

Paint & finish

All external Parts shall be finished and painted to produce a neat and
durable surface which would prevent Corrosion & Rusting.

27

Lubricant

The gear box of the actuator shall be either oil filled or grease filled.

28

Inspection & Testing

For the purpose of inspection & testing of electrical actuator, Quality
Plan Ref. QA:CI:STD:QP:13 has to be referred.

Technical Description of the Electronic Integral Starter

SL No.

Details

Technical Requirements

Integral starter

Control logic of the starter shall be designed using suitable
electronic control circuit. The starter shall have the following
minimum features :

Power supply isolation switch & fuses of suitable rating.

e Thermal Over load relay.

e Lockable Local- Off -Remote selector switch.

e Push buttons for Local Operation (OPEN, CLOSE, STOP)
o Indication lamps (OPEN, CLOSE, TRIP)

e Remote Signal interface

e Output Contacts

o Status/Fault annunciation
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2 | Open/Close Command

Interposing relays of coil burden <=2.5VA shall be provided to
initiate opening and closing using 24V DC signal from the external
control system.

Actuator shall also be suitable for remote operation by potential
free contacts for Open/Close & Stop, the necessary 24V DC power
supply shall be derived internally.

Open/Close command termination logic with position and torque
limit switches shall be suitably built inside the starter

Electrically & mechanically interlocked contactors shall be
provided for forward and reverse operation. Contactor rating shall
be sufficient to withstand the extreme conditions like valve
jamming and instantaneous reversal of motor.

Protection Features in
Starter

Shall have various protection features such as Single Phasing
prevention, Wrong phase sequence protection, Overheating
protection through thermostat, Short Circuit protection, Overload,
Supply Under Voltage, over and above other standard protection
features as per manufacturer's design.

4 | Control Supply

Control supply voltage of the starter shall be 24V DC. If other
control voltage rating is used, then the same shall be derived
internally by the manufacturer. Necessary primary and secondary
fuses shall be provided. Opto isolation circuit shall be provided
with suitable coupling relays for 24V DC commands from external
control system.

5 | Local Operation

Provision shall be available to operate the actuator locally.
Lockable local/remote selection shall be provided on the front
panel of the actuator.

6 | Status indication

The following status indication signals shall be provided in the
actuator over and above the standard signals available in the
actuator as per the manufacturer’s standard

e Actuator Open

e Actuator Close

e Actuator in travel
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TDN:SCR:001/Part lll Page 14 of 86




L

il

PROJECT: DN 101

Output Contacts

A Common potential free contact for collective fault annunciation
of following faults such as Thermal Overload trip, Motor
Thermostat trip, Control supply failure, Power Supply
Failure/Single Phasing, Local/Remote switch in LOCAL/OFF,
Torque Switch acted along with Other protections acted shall be
provided for customer use.

Potential free contacts shall be provided for Local/Remote/Off
positions of the selector switch.

Fault Annunciation

The following fault annunciation signals shall be provided in the
actuator over and above the standard signals available in the
actuator as per the manufacturer’s standard

Open Torque Switch /Close Torque Switch acted

Motor thermostat trip

Motor Overload relay acted

Actuator shall have necessary provision for diagnosing the fault
locally.

General features to be
provided in the actuator

Open Torque Switch shall be bypassed initially for 3 seconds or 5%
of the valve travel.

It should be possible to reverse the direction of travel for inching
duty application.

Automatic phase correction facility and single phasing prevention
shall be provided.

10

Details to be furnished

The ratings of the various components of the starter, various signal
exchanges to/from the starter and the wiring interconnections
shall be clearly indicated in the wiring drawing of the actuator.
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Pneumatic Actuator-Regulating type

Sl. No. Details Technical Requirements
General :
1 | This technical specification covers the requirements of Regulating Duty, pneumatic
actuators, SMART positioner and accessories, to be used for control damper applications.
2 | Actuator:
Double or Single acting type, to suit the application.
Piston operated type.
a. | Actuator type
The actuator shall be sized to meet the requirements of the
load.
b. | Actuator Duty Regulating duty
The actuator mounting shall be of any one of the following
types.
Stand mount type with output shaft and output lever. The
actuator shall be connected to the load through linkage rod
c. | Actuator mounting type | mechanism.
(Or)
Direct Mount type: The actuator (piston rod) shall be directly
connected to the load. The actuator shall have trunnion base.
The actuator base shall be suitable for mounting the cylinder
d. | Actuator assembly and for fixing the foundation bolts. The entire arrangement
should be able to withstand the load and torque requirements.
3 | Air Supply Power Air Mlnl-mum : 3 Kg/sq.cm (g)
Maximum: 7 Kg/sq. cm(g)
4 | Stroking time To suit the process requirement.
Action on Loss of Power . .
5 . To suit the process requirement.
Air Supply.
Action on Loss of : .
6 . To suit the process requirement.
Command Signal.
7 | Position indicator 1 No. local mechanical position indicator is required.
g Provision for reversal of | Actuator assembly to be configured in Direct acting. Provision
action to change to reverse action shall be provided
9 | Material:
Hard chrome plated high strength steel. Leather bellows /
a. | Pistonrod Gaiters shall be provided to prevent actuator inner parts from
rusting.
b. | Piston High Strength Steel.
c. | Actuator body/Cylinder | Honed & hard chrome plated seamless Carbon steel.
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SL. No. Details Technical Requirements
barrel
d. | Actuator seals Viton.
Necessary surface treatment shall be provided for all the
e. | General . K
components (as applicable) to prevent rust and corrosion.
10 | Limit Switch :
a. | Quantity One for open and one for close.
b. | Number of contacts In case of SMART positioner, 1 NO + 1 NC
c. | Type Snap action
d. | Limit Switch Enclosure Dust & Weather Proof, IP-65
e. | Contact Rating 5Aat240VAC/0.2Aat 220 VDC.
f. | Make Shall be as per the manufacturer’s standard.
11 | Air Lock Device:
2 | Tvpe Set point has to be adjustable.
| P Self-Reset.
12 | Air filter cum regulator :
a. | Supply air pressure 7 Kg / sq.cm
b. | Type Diaphragm
¢. | Pressure rating 15 Kg / sq.cm
d. | Filter Material Phosphor Bronze
e. | Body Die-cast aluminum
£ Inn'er valve, seating and Stainless steel
spring
g. | Enclosure protection [P-65
h. | Output pressure 0-7Kg/sq.cm
i. | Filter Element Phosphor Bronze
j. | Filter size 5 microns
k. | Drain Auto Drain feature shall be provided
l. | Accessories Blow down valve shall be provided
13 | Pressure gauge :
a. | Dial 50 mm Diameter
b. | Type Bourdon
Material of  sensing
C. Phosphorb
element (Bourdon) phor bronze
d. | Range 0-10Kg/sq.cm
e. | Accuracy +5%
f. | Make Shall be as per manufacturer’s standard
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S1. No. Details Technical Requirements
) L Air connection inlet shall be suitable to accept %4” 0D PVC
g. | Air connection inlet
sheathed copper tube
h. | Hand wheel / Lever To be provided along with actuator for manual operation.
14 | Integral Junction Box
All the electrical connections from the accessories, shall be
, wired suitably as per the wiring drawing to the junction box.
a. | Junction Box i ]
Protection Class: IP-65. Terminal blocks shall be of Cage-Clamp
type, suitable for 2.5 sq.mm, Cable.
b Termination of external | 3 nos. of double compression type brass with nickel plated
" | cable to the Junction box. | weather proof cable glands suitable for cable OD of 18 mm.
Linkage rods for Stand The Linkage rods sha?l be supplieq as ‘per the drawings referred
C. .| in the purchase enquiry. The application names & tag nos. have
mount type pneumatic . . - I
to be painted on the linkage rods for easy identification.
actuators.
As per quality plan CI:QAC:STD:QP:42 (latest revision) or
d. | Inspection & testing project specific quality plan. The applicable quality plan will be
indicated in the purchase enquiry.
15 | Painting/Finish for both Power Cylinder & Linkage rods
a. | Paint Shade Shall be as per manufacturer’s standard
b. | Finish Corrosion resistant, Epoxy based resin.
Shall be as per manufacturer’s standard practice. The packing
i shall be suitable for safe transport, safe delivery at site and shall
16 | Packing . .
be sujtable to avoid damages due to water entry and shall
withstand the environmental conditions during storage at site.
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SMART positioner (For Control Valve and Damper applications)

SI. No. Technical Requirement
Make of the SMART
1 a ‘e. orthe Vendor to specify.
positioner
2 | Type of Input 4-20 mA, 24 V DC, 2 wire system (Loop powered from DCS)
3 Operational signal 3.6 mA - 21 mA (4-20 mA). Split range operation shall also
range be possible.
4 | Voltage 12to 36 VDC
5 | Input impedance Vendor to specify
6 | Supply Air pressure 3-7Kg/cm2
7 | Air Capacity Vendor to match with the requirement of the actuator.
Sensitivity, A f . . -
ensiivi y ceuracy Vendor to match with the requirement of application
8 | Repeatability, _
. requirement.
Hysteresis
-
9 TyPe of Acting Vendor to match with the requirement of the actuator.
(Direct/Reverse)
10! Flow Characterization SMART p(.)si.tioner shall.be compatible to fit valve
characteristic curves, Linear/Equal percentage etc.
11| Stroke time Vendor to match with the requirement of the actuator.
No. of pneumatic
12| outputs Vendor to match with the requirement of the actuator.
(Single/Double)
Pneumatic Process ) ) .
13 . To suit the impulse line as per the process P & ID.
Connection
14 Communication by Hart | SMART positioner shall be compatible for Remote
Protocol calibration & Diagnostics using Hart Management System.
SMART positioner shall be compatible for Auto Start with
) ) self-calibration, Remote calibration from Hart Management
15| Calibration . . . .
System & manual calibration using push buttons available
on the positioner.
Positi ing & feed
16 b:i;( 10n Sensing & fee Output: 4-20mA position feedback signal shall be provided.
17| Electrical Cable entry Side or bottom entry to avoid water ingress.
18] Protection Class IP-65
Action required during | SMART positioner shall be compatible for achieving Fail
19| 4 to 20 mA control Open, Fail Close & Stay put (Fail freeze) functions to be
signal failure. configured at site.
20| Accessories For Supply & output pressure, pressure gauges shall be
PROJECT DN101 TDN:SCR:001 / Part IIi Page 19 of 86
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SI. No.

Technical Requirement

provided on the positioner.

21

EMC Compliance

SMART positioner shall conform to EMC Compliance as per
international standards I[EC/EN. 61000-4-2/3/6/12

22

Diagnostic Features

Soft Open / Close limit switch output.
Alarm on loss of demand signal.
Fault.

Manual/Auto operation indication.
Alarm on Power air failure.

Travel/ Stroke counter.

Diagnosis of leakage in actuator.

On line partial closure test (as per requirement of valve )
Valve signature analysis

Valve friction/jamming detection
Step Response Test

23

In built Operator panel

The positioner shall have a display with push buttons for
configuration and for read out. The same shall be Password
protected/Hardware lock

24

Mounting Assembly

Required mounting accessories & fasteners for mounting
the positioner on valve actuators shall be provided.
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ANNEXURE - S

29

LT AC Motor
SL e -
No Description Requirement
o Squirrel cage type induction motor, suitable for direct on line

1 | General Description i
starting.

IS-325, 1S-1231, 1S-6362, 1S-2253, 1S-5572, 1S-12065, IS-

2 | Applicable Standards | 12075, IS/IEC-60079,1S-12615, IS/IEC-60529 &IEC-60034.
(Latest version of relevant standards shall be referred)
Totally Enclosed Fan Cooled (TEFC), IP-55 as per IS/IEC-
60529.

3 | Type of enclosure Motors located in hazardous area shall have flame proof
enclosure as per IS/IEC-60079. Vendor to provide flame proof
enclosure as per the area of classification, meeting the
requirements of type of fuel being.

4 | Duty Cycle Continuous, S1

.. IE-2 as per 1S-12615/IEC 60034-30. The requirement of a
Energy Efficiency . . . . i . s
5 Class particular project will be indicated in the project specific
annexure.
Rated Voltage &
o | RatedVoltage 415V, AC, 3 Phase, + 10 %.
Tolerance
7 Rated Frequency & 50 Hz, + 5 %
Tolerance
Combined voltage &
8 omblnec vottage 10 % (absolute sum)
frequency tolerance
a. All motors shall be so designed that maximum inrush
currents, locked rotor and pull out torque developed at
extreme voltage and frequency variations do not endanger
the motor and driven equipment.
b. Motor shall be designed to keep torsional and rotational
9 | General Requirements natural frequencies of vibration at least 25 percent above

the motor rated speed ranges to avoid resonant vibration
over the operating speed range of the motor and driven
equipment.

c. Maximum continuous rating (MCR) of the motor shall have
atleast 15 % margin over the maximum load demand of the
driven equipment including voltage and frequency

PROJECT DN101

TDN:SCR:001/ Part 1] Page 21 of 86




?(’ﬂ?m

PROJECT: DN 101

SL
No Description Requirement
variation. (Applicable only if vendor supplies motor along
with the driven equipment or load).
d. Requirements during running :-
The motor shall be capable of operating satisfactorily at full
load for 5 minutes without injurious heating with 75 %
rated voltage at motor terminals.
The motor shall be designed to withstand momentary over-
load of 60% of full load torque for 15 seconds without any
damage.
The motor shall be designed to withstand 120 % of rated
speed for 2 minutes without any mechanical damage.
e. Requirements during starting :-
Motor shall start with rated load and accelerate to full
speed with 80 % rated voltage at motor terminals
The motor shall be capable of withstanding the stresses
imposed if started at 110 % rated voltage.
f. Torque requirements :-
Accelerating torque at any speed with the lowest
permissible starting voltage shall be at least 10% of motor
full load torque.
Pull Out torque at rated voltage shall not be less than 205
% of full load torque
Class-F insulation with temperature rise limited to Class-B.
10 | Class of Insulation Temperature rise of the motor shall be limited to 70°C (by
resistance method) over an ambient temperature of 50°C
Stress withstanding The motor may be subjected to sudden application of 150%
11 | capability during Bus | rated voltage during bus transfer, due to the phase difference
Transfer between the incoming voltage and motor residual voltage.
a. Two successive starts from cold condition
12 Capacity to restart for | b. Three equally spread starts per hour
rated voltage c. Two hot starts in succession, with motor initially running
at normal temperature.
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20

SL

No Description Requirement
The ratio of Locked Rotor KVA at rated voltage to rated KW
3 Locked Rotor shall not exceed as indicated below, including tolerance
Condition v For Motor rating <110KW : 10
v For Motorrating >110KW : 9
For motor with starting time up to 20 seconds at minimum
permissible voltage during starting, the locked rotor
withstand time under hot condition at highest voltage limit
shall be at least 2.5 seconds more than starting time.
For motor with starting time more than 20 seconds but not
exceeding 45 seconds at minimum permissible voltage
during starting, the locked rotor withstand time under hot
Locked Rotor g . o
14 i . condition at highest voltage limit shall be at least 5 seconds
with-stand time L
more than the starting time.
For motor with starting time more than 45 seconds at
minimum permissible voltage during starting, the locked
rotor withstand time under hot condition at highest voltage
limit shall be 10% more than the starting time
Vendor to provide Speed switches mounted on the motor shaft
in case the above requirement is not met with.
Type of balancing of
15| 7P 8 Dynamic balancing
rotor
16 | Method of cooling IC-0411 as per 1S-6362
Directi f cooli
17 | CITECHOMOTCOOMNE | NDE side to DE Side
air flow
Enameled Copper Wire, Grade-2, as per 1S-13730, Part-3.
18 | Winding wire
& Windings shall be non-hygroscopic, oil resistant and flame
resistant.
Winding Insulation shall be given tropical and fungicidal
Treatment on . . ) )
19 . _ treatment for operation of motor in hot, humid & tropical
Winding Insulation )
climate.
T tarti t (% of FLC be limited 0
20 | Starting Current he. starting current (% o ) shall be limitedto 600%,
subject to tolerances as per the standard.
. Noise level shall be limited to 85dBat 1.5 meter distance from
21 | Noise level
the outer surface of the motor.
29 | Vibration level The peak amplitude of vibration shall be as per IS-

12075(Limits of Severity-Normal grade shall be followed).
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SL
No.

Description

Requirement

23

Shaft extension

Motor shall be provided with key slotted bare shaft extension,
with key at the drive end.

24

Terminal box

Flame proof as per IS/IEC-60079, capable of being turned
through 360° in steps of 180°. Terminal box shall have
adequate space to terminate the Power cable applicable to the
motor by using suitable lugs.

Minimum Distance between center of the terminal stud & the
gland plate and Minimum
clearance shall be provided as per the details indicated in the
annexure (project specific requirement).

inter-phase/phase-earth air

1 No. Earth terminal shall be provided inside the terminal box.
Connection diagram shall be marked inside the terminal box.
The motor terminal box shall be suitable for withstanding the

system fault current of 50 KA for a duration of at least 0.25
seconds, without any rupture.

25

Cable Entries, Cable
Glands &Lugs

Cable entries, Cable glands and Lugs shall be provided suitable
for the power cable size as indicated in the annexure(project
specific requirement).

Double Compression type, brass with nickel plated flame
proof cable glands shall be supplied — Quantity to be matched

with the number of entries.

3Nos. of Tinned Copper Lugs shall be provided.

26

Terminals

Separate Terminals for Space heaters and Windings with
suitable connecting links shall be supplied.

27

Body Earth

Shall have 2 Nos. of earthpoints (Threaded hole with suitable
GI Bolt) at appropriate location (in motor base frame).

28

Space heater for
motors rated 30 KW
and above

Separate space heater suitable for 240 V AC, Single Phase
supply shall be provided.

29

Lifting provision

Eye bolt.

30

Project specific
requirements

e Motor bearing shall be insulated wherever required.
e All LT motors 15 KW and above shall be
provided with external greasing arrangement
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3

;:)' Description Requirement
e All motors for outdoor duty shall have detachable
metal canopy.
Bearings shall be of ball or roller type effectively sealed
against ingress of dust. The bearing shall be so constructed
31 | Bearing that the loss of lubricating grease is kept to minimum.
Bearing shall be rated for a minimum standard life of 40000
hours.
¢ Measurement of resistance of windings of stator and
wound rotor.
¢ Reduced voltage running up test at no load (for
squirrel cage motors).
e Noload test.
e Fullload test to determine efficiency, power factor
and slip.
e Insulation resistance test.
32 | Tests e High voltage test
e Test for vibration severity of motor.
e Test for noise levels of motor.
o Test for degree of protection by enclosure.
e Temperature rise test at limiting values of voltage and
frequency variations.
e Over speed test.
e Locked rotor readings of voltage, current and power
input at a suitable reduced voltage.
Motor shall have name plate as per relevant IS and in addition,
33 | Name Plates Manufacture’s name, frame size, Energy Efficiency class,
Insulation class designation shall also be indicated.
3 Sets of the following :-
a. Final technical Data sheet as per the format submitted
Documents to be by BHEL.
submitted by the
34 vendor for approval b. Motor GA drawing indicating foundation, shaft details
by BHEL/Customer, and terminal box arrangement with complete
after placement of dimensions.
purchase order.
¢. Motor Characteristic curves (Torque Vs. Speed, Current
Vs. Speed, Speed Vs. time, Current Vs. time, Efficiency
and PF Vs, load, Thermal withstand characteristic)
Shall be as per manufacturer’s standard practice. The packing
) shall be suitable for safe transport, safe delivery at site and
35 | Packing . . s .
shall avoid damages due to environmental conditions during
storage at site.
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POWER CABLE SIZE:

Vendor to provide the cable entry, glands and lugs as per the specification requirement suitable
for the power cable sizes as indicated below. However, the sizes indicated herein are tentative
and shall be finalised during detailed engineering.

Sl. No. From To Power Cable size in
(KwW) (KW) sq. mm.

1. 0.01 1 3C-2.5mm2(CU)
2. 1.01 2 3C-2.5mm2(CU)
3. 2.01 3.7 3C-10mm2(AL)
4, 3.71 5.5 3C-10mm2(AL)
5. 5.51 7.5 3C-25mm2(AL)
6. 7.51 9.3 3C-25mm2(AL)
7. 9.31 1 3C-25mmZ(AL)
8. 11.1 15 3C-50mm2(AL)
9, 15.1 18.5 3C-50mm2(AL)
10 18.51 22.0 3C-50mm2(AL)
11 22.0 27.0 3C-50mm?2(AL)
12 27.1 30.0 3C-70mm2(AL)
13 30.1 37.0 3C-70mm2(AL)
14 37.1 45.0 3C-95mmZ2(AL)
15 45.1 55.0 3C-150mm2(AL)
16 55.1 75.0 3C-150mm2(AL)
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17 75.1 90.0 3C-185mmZ(AL)
18 90.1 110.0 3C-240mmZ(AL)
19 110.1 125.0 2-3C-240mmZ2(AL)
20 125.1 132.0 2-3C-240mm?2(AL)
21 132.1 160.0 2-3C-240mm?2(AL)
22 160.1 174.0 2-3C-240mm2(AL)

DIMENSIONS OF TERMINAL BOXES (For Flame proof motors)

Sl. No. Motor MCR in KW Minimum Distance between centre of
stud and the gland plate (in mm)
1 Up to 3 KW As per manufacturers’ practice
2 Above 3 KW - Up to 7 KW 85
3 Above 7 KW - Up to 13 KW 115
4 Above 13 KW - Up to 24 KW 167
5 Above 24 KW - Up to 37 KW 196
6 Above 37 KW - Up to 55 KW 249
7 Above 55 KW - Up to 90 KW 277
8 Above 90 KW - Up to 125 KW 331
9 Above 125 KW - Up to 200 KW 403

PROJECT DN101
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ANNEXURE-U

FIELD INSTRUMENTS & ANALYSERS

FIELD INSTRUMENT REDUNDANCY

Redundant instruments shall be provided for all control applications. For all closed loop
controls (CLCS) triple redundant sensors shall be provided. This will include sensors provided
for compensation also. Similarly for critical protection logic requirements triple redundant
sensors for 2 out of 3 logic shall also be provided to avoid spurious tripping. For all other
control application dual redundant sensors shall be provided.

Two out of three measurements philosophy shall be adopted for all CLCS and Protection for
reliability of operation. The control system shall select the median value for the normal control
purpose. In case of deviation of one transmitter output from the other two, the same shall be
automatically isolated and average output of the remaining transmitters shall be fed to the
control and measurement system and the control loop in this case shall be maintained on auto,
with an alarm. In case of failure of the two remaining transmitters in circuit, deviation of one
transmitter output is more than the preset limit compared to the other transmitter, there shall
be automatic bump less transfer to manual and changeovers shall have suitable alarms. For
signal compensations, separate signals from separate transmitters other than used for
measurement & control shall be used.

For open loop controls (OLCS), all sensors used for the protection shall be triple redundant. All
sensors for permissive and interlock shall be dual redundant.

1.00.00 SPECIFICATION FOR ELECTRONIC TRANSMITTERS

1.01.00 PRESSURE TRANSMITTER

1. Working Principle : Smart (HART 5/7 protocol Compatible)

2. Type : Microprocessor based, 2 - Wire

3. Output Signal : 4-20 mA DC along with superimposed Digital signal
4. Measuring Element : Capsule / Diaphragm

5. Element material : S§-316 (Stainless Steel) or better - Shall be decided

by the vendor to suit the process medium
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6. Static Pressure

7. Turn-down ratio

8. Span and Zero

9. Enclosure Class

10. Output Indicator

11. Nameplate

12. Body

13. Operating Voltage

14. Load

15. Ambient Temperature

16. Performance:
i. Accuracy

ii. Repeatability

17. Sealing/Isolation

18. Accessories

PROJECT: DN 101

: 150 % of maximum span continuously, without
affecting the calibration

: 10:1 - For low pressure application
30:1 - For high pressure application

: Continuous, tamper proof, remote as well locally
adjustable with zero elevation and suppression by

100% of span

: IP-65 (Explosion proof for NEC Class-1, Division
area)

: LCD (Integral indicator of 5 digit display)

: Tag number, service engraved in SS tag plate
: SS

: 24V DC

: 5000hms (min.) at 24 Volts D.C.

:0-50°C

:+0.1% of calibrated span (minimum)

: £ 0.05% of Span or better

: Extended diaphragm (Silicon oil/ Flurolubfilled)
with 5 meters SS armoured capillary for
corrosive/viscous/solid bearing or slurry type fluid
applications - Shall be decided by the vendor to suit
the process medium

a. Universal mounting bracket suitable for 2” pipe mounting

b. High tensile carbon steel Ubolts

¢. Siphon for steam and hot water services

d. %” NPT 2-valve stainless steelmanifold, constructed from
SS316 bar stock

™0

Companion flange with nuts, bolts and gaskets
1" NPT cable gland
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PROJECT: DN 101

g. Handheld calibrator
h. All accessories shall be suitable to handle the process medium
19. Adjustment/Calibration/: From handheld calibrator/ HART

Maintenance

management system

Notes: For primary air/ secondary air/ flue gas applications, DP type
transmitters shall be provided for pressure measurement.LVDT type is not

acceptable.

DIFFERENTIAL PRESSURE TRANSMITTER / FLOW TRANSMITTER

1. Working Principle
2. Type

3. Output Signal

4. Measuring Element

5. Element material

6. Static Pressure

7. Turn-down ratio

8. Span and Zero

9. Enclosure Class

10. Output Indicator
11. Nameplate
12. Body

13. Operating Voltage

PROJECT DN101

TDN:SCR:001 / Part Il

: Smart (HART 5/7 protocol Compatible)

: Microprocessor based, 2 - Wire

:4-20 mA DC along with superimposed digital signal
: Capsule / Diaphragm

: SS-316 (Stainless Steel) or better - Shall be decided
by the vendor to suit the process medium

: 150 % of maximum span continuously, without
affecting the calibration

:10:1 - For low pressure application
30:1 - For high pressure application

: Continuous, tamper proof, remote as well locally
adjustable with zero elevation and suppression by

100% of span

: IP-65 (Explosion proof for NEC Class-1, Division 1
area)

: LCD (Integral indicator of 5 digit display)
: Tag number, service engraved in SS tag plate
:SS

: 24V DC

Page 30 of 86



54

il

K PROJECT: DN 101

14. Load : 5000hms (min.) at 24 Volts D.C.
15. Ambient Temperature :0-50°C

16. Performance:

i. Accuracy : £ 0.1% of Span or better
ii. Repeatability : £ 0.05% of Span or better
17. Sealing/Isolation : Extended diaphragm (Silicon oil/Flurolubfilled)

with 5 meters SS armoured capillary for
corrosive/viscous/solid bearing or slurry type fluid
applications - Shall be decided by the vendor to suit
the process medium

18. Accessories .
a. Universal mounting bracket suitable for 2” pipe mounting

b. High tensile carbon steel U-bolts

c. Siphon for steam and hot water services

d. %" NPT 5-valve stainless steel manifold, constructed from SS316 bar
stock

e. Companion flange with nuts, bolts and gaskets

f. %" NPT cable gland

g. Handheld calibrator

h. All accessories shall be suitable to handle the process medium

19. Adjustment/Calibration/: From handheld calibrator/ HART
Maintenance management system

1.03.00 ULTRASONIC LEVEL TRANSMITTER

1. Type : Microprocessor based, 2-wire, Smart (HART 5/7
protocol Compatible)

2. Operating Principle : Detection of reflected ultrasonic pulse

3. Output Signal : 4-20 mA DC along with superimposed digital signal
4. Operating frequency : 10 KHz to 50 KHz (typical)

5. Display :LCD

6. Temperature : Built in -Programmable
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Compensation
7. Power supply :24VDC
8. Enclosure : SS, IP-65 (Explosion proof for NEC Class-1, Division
1 area)
9. Zero & Span : Continuous, tamper proof, remote as well locally

adjustable. It shall be possible to calibrate the
instrument without any level in the sump/ tank

10. Accuracy &Repeatability: 0.15 % of span or better

11. Resolution : 0.1 % of span
12. Operating temp. : Transmitter- 500 °C and Sensor - 800 °C
13.MOC Sensor : SS-316/Body- PVC and Face —Polyurethane - - Shall

be decided by the vendor to suit the process medium

14. Mounting : 4” Flanged/ 2” NPT for sensor and Transmitter on
panel

15. Accessories :
a. Handheld calibrator
b. Weather canopy for protection from direct sunlight and direct rain
c. Y%”NPT cablegland
d. All mounting hardware (SS- 316), Prefab cable
e. SS Nameplate

16. Diagnosis : On-line
17. Status Indication : Power On, High, V. High, Low, V. Low, Fault
18. Output Contacts : 2 SPDT, 230V, 5A

19. Adjustment/Calibration/: From handheld calibrator/
Maintenance HART management system

20. Applications : Coal Bunker, Water Service etc.

ULTRASONIC FLOW TRANSMITTER

1. Type : Ultrasonic - Clamp On
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PROJECT: DN 101

2. Accuracy :+/-1 % of reading

3. Repeatability :+/-0.3 % of reading

4. Rangeability :400: 1

5. Output Signal : 4-20 mA DC with HART

6. Measured Parameter : Volumetric flow, Totalized flow and flow Velocity

7. Display : LCD with internal Key Pad (Flow rate &totalization)
8. Power Supply : 24V DC (2 Wire)

9. Enclosure : SS (IP- 68 - Submersible)

10. Mounting : SS Chain or Strap

11. Accessories
a. Handheld calibrator
b. %”NPT cable gland
c¢. Transducer cable
d. All mounting hardware (SS-316)
e. SS Nameplate

12. Adjustment/Calibration/: From handheld calibrator/
Maintenance HART managementsystem

13. Applications : Plant water service

Note: Multi-path insertion type (minimum 4 path) Ultrasonic Flow meter shall be
provided for raw water/ Cooling Water flow measurements.

MASS FLOW METER

SENSOR

1. Measuring Principle : Coriolis Mass flow

2. Primary Element : Flow Tube of 316SS or better

3. Heating Arrangement : Integral

4. Process Connection : Flanged of rating as per process requirement

5. Drain : Self-draining facility
6. Enclosure : Stainless steel
7. Accessories : Counter flanges, Mounting nuts, bolts, gaskets etc.
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1.05.02 TRANSMITTER

1. Measured quantities : Mass Flow rate, Total Mass Flow,Density

2. Input Signal Processing : Smart (HART compatible)

3. Display : LCD

4. Output : 2 nos. isolated output of 4-20mA DC selectable from
four measured quantities

5. Load : <750 ohms

6. Power supply : 240V AC, 50 Hz

2.00.00 HART HAND HELD CALIBRATOR

Universal type Hand held calibrators shall be provided for adjustment/
calibration/maintenance of the HART compatibletransmitters. The hand held
calibrator shall be suitable for all types of transmitters supplied in the package. If
one type of hand held type calibrator is not suitable for communicating with all
types of transmitters then separate hand held calibrator shall be provided.

3.00.00 PROCESS ACTUATED SWITCHES
3.01.00 PRESSURE SWITCH

1. Type :
a. Piston for high pressure application
b. Bellow / Diaphragm for lowpressure application

2. Sensing element material : SS-316 or better - shall be decided by the vendor to
suit the process medium

3. Case Material : SS or better - shall be decided by the vendor to suit
the process medium

4. Setter Scale : Black graduation on white linear scale. Graduation
0-100% with red pointer for set points
5. Over range : 150 % of maximum pressure

6. Adjustments :
a. Internal Set Point
b. Adjustable Dead band
7. End Connection : 1/2" NPT(F) bottom connected

8. Switch configuration : Two SPDT (240V, 5A AC/220V, 0.5A DC)

9. Switch Type : Snap acting, shock & vibration proof
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10. Terminal Block : Suitable for full ring lugs
11. Enclosure Class : IP-65 (Explosion proof for NEC Class-1,Division 1
area)

12. Performance :
a. Repeataccuracy + 1.0%
b. Accuracy of Setting Indication of+ 1.5%

13. Ambient temperature :0-50°C
14. Nameplate : Tag number, service engraved in SS tag plate
15. Accessories

a. Silicon oil/ Flurolub filled Remote diaphragm seal with SS-316 capillary
for corrosive/ viscous/ solid bearing or slurry type fluid applications

b. Snubbers for pulsating fluid applications
c. Siphons for steam and hot waterservices
d. Retention ring and screws forsurface mounting
e. 1/2” NPT 2 Valve SS-316barstock manifold
f. %" NPT cable gland
g. All accessories shall be suitable to handle the process medium
16. Applications : During Detail Engineering on Owner’s approval

3.02.00 DIFFERENTIAL PRESSURE SWITCH
1. Type :
a. Piston for high pressure application

b. Bellow / Diaphragm for lowpressure application

2. Sensing element material : SS-316 or better - Shall be decided by the vendor to
suit the process medium

3. Case Material : SS

4. Setter Scale : Black graduation on white linear scale. Graduation
0-100% with red pointer for set points

5. Over range : 150 % of maximum pressure

6. Adjustments
a. Internal Set Point
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b. Adjustable Dead band
7. End Connection : 1/2" NPT (F) bottom/ back connected

8. Switch configuration : Two SPDT (240V, 5A AC/220V, 0.5A DC)

9. Switch Type : Snap acting, shock & vibration proof

10. Terminal Block : Suitable for full ring lugs

11. Enclosure Class : [P-65 (Explosion proof for NEC Class-1,Division 1
area)

12. Performance :
a. Repeataccuracy + 1.0%
b. Accuracy of Setting Indication of+ 1.5%

13. Ambient temperature :0-50°C
14. Nameplate : Tag number, service engraved in SS tag plate

15. Accessories :

a. Silicon oil/ Flurolub filled Remote diaphragm seal with SS-316 capillary
Diaphragm seals for corrosive/ viscous/ solid bearing or slurry type fluid
applications

b. Snubbers for pulsating fluid applications

c. Siphons for steam and hot water services

d. Retention ring and screws for surface mounting

e. 1/2” NPT 5 Valve SS-316 bar stock manifold

f.  3A” NPT cable gland

g. All accessories shall be suitable to handle the process medium

16. Applications : During Detail Engineering on Owner’s approval
LEVEL SWITCH

FLOAT OPERATED

1. Float material : SS-316 or better - shall be decided by the vendor to

suit the process medium

2. Wetted parts : SS-316 or better - shall be decided by the vendor to
suit the process medium
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3. Float chamber : Stainless steel/Carbon steel,construction welded -
to suit the process medium

4, Float chamber mounting : Side mounted

5. Fluid connection : Side - Side

6. Fluid connection size : 1”7 ANSI RF Flange (rubber line, if required)
7.Drain : %2 inch NPT with Plug

8. Pressure rating of chamber: Minimum 1.5 times of design pressure

9. Repeatability :+1.5 mm or better

10. Switch housing : Stainless Steel

11. Switch housing type :IP- 65

12. Type of switch : Snap acting magnetically operated hermetically
sealed

13. Switch configuration  :2 SPDT (54, 240 V AC, 0.5A, 220V DC)

14. Accessories :
a. Counter flange, nuts & bolts, suitable gasket etc.
Steel globe typedrain valve
1L,”NPT cable gland
Stainless steel nameplate with alpha-numeric engraved for service and tag
All accessories shall be suitable to handle the process medium

® a0 o

15. Application : During Detail Engineering on Owner’s approval

FLOW SWITCH

1. Type : Paddle /Piston/Disk

2. Wetted part material : Stainless steel or Hastelloy for acidic application -
shall be decided by the vendor to suit the process
medium

3. End connection

a. Threaded up to 1” line size with integral Tee
b. Flanged for line size > 1 %”
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4. Enclosure material : Stainless Steel
5. Enclosure class :IP 65
6. Switch configuration : 2 SPDT (54, 240 V AC, 0.54, 220V DC)
7. Repeatability 2%
8. Cable connection : VO"NPTF
9. Accessories :
a. Tee, Counter flange, nuts & bolts, suitable gasket etc.
b. %”"NPT cable gland
c. Stainless steel nameplate with alpha-numeric engraved for service and

tag
d. All accessories shall be suitable to handle the process medium

3.05.00 RF LEVEL SWITCH
1. Type : RADIO FREQUENCY Sensing probe
2. Material :5S-316
3. Mounting application : Threaded

4. Temperature : 250°C (Max.)
Electronic Controller

5. Input Supply Voltage : 240V AC £10%, 50 Hz.
6. Relay Output : 2 SPDT (240V AC, 5A)
7. Ambient Temperature :50°C
8. Enclosure Protection 1 1P-66
9. Enclosure Housing :SS
10. Local LED Indication

a. Normal Level

b. Power On
c. Alarm Leve]
d

Probe Healthy
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11. Switching Repeatability : +0.5%

12. Accessories

13. Application

: Co-axial cable for probe connection to controller SS

Tag plate %2” NPT Cable Glands

: Solid level

CONDUCTIVITY TYPE LEVEL SWITCH

1. Type

2. Probe MOC

3. Mounting Application
4. Temperature

5. Test Pressure

6. Input Supply Voltage

7. Input

8. Relay Output
9. Ambient Temperature

10. Enclosure Protection

11. Enclosure Housing
12. Local LED Indication

13. Accessories

: Conductivity discrimination
: §5-316

: Flanged on external cage

: 250°C (Max.)

: Two times rated pressure

: 240V AC £10%, 50 Hz.

: Four independent channel with selectable switching
threshold for water conductivity

: 2 SPDT (240V AC, 5A)
£ 50°C

: IP-65 (Explosion proof for NEC Class-1, Division-1
area)

: SS

: High,Low,Very High, Very Low, Power Fault

a. Interconnecting cable from probe to electronics

External cage
Washer & Gasket

- e oA 0T

SS Tag Plate

PROJECT DN101
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Mounting accessories

5" NPT Cable Glands
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14. Application : During Detail Engineering on Owner’s approval

3.07.00 TEMPERATURE SWITCH

1. Type : Bimetallic or gas filled or liquid filled

2. Sensing Element Material : SS-316 - to suit the process medium

3. Bulb Material : SS-316

4. Capillary : Stainless Steel armoured

5. Movement Material : Stainless Steel

6. Case material : Stainless Steel with neoprene gasket and clear glass

where applicable cover conforming to IP-65.
(Explosion proof for NEC Class-1, Division 1 area).

7. Scale : Black graduation on white linear scale.Graduation
0-100% with red pointer for set points

[os]

. Over range Protection :120%

O

. Instrument connection : Bottom

10. Switch configuration  : Two SPDT (240V, 5A AC/220V, 0.5A DC)

11. Switch type : Snap acting, shock and vibration-proof

12. Adjustability : Internal Set point adjustable over span range

13. Compensation :
a. Capillary compensation with invar wire throughout the capillary length
b. Case compensation

14. Performance

a. Scale Accuracy: £1.0 % of full scale

b. Repeatability :< 0.5 % of full range

c. Response time : Less than 40 seconds with thermowell

15. Capillary length : 5 meters (minimum) for local mounting/15 meters
for local panel mounting
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16. Nameplate : Tag number, service engraved in stainless steel tag
plate

17. Accessories : Mounting accessories, 2” NPT cable gland

18. Applications : During Detail Engineering on Owner’sapproval

LOCAL INSTRUMENTS

PRESSURE GAUGE AND DIFFERENTIAL PRESSURE GAUGE

1. Type : Bourdon/Bellows/Diaphragm

2. Applicable Standard : EN-837/ANSI B 40.1

3. Sensing & Socket : §S-316 or better - To suit the process medium
4. Movement Material : SS-316 or better — To suit the process medium
5. Case Material : Stainless steel. IP-65 (Explosion proof for NEC

Class-1, Division 1 area)

6. Dial Size : Generally 150 mm

7.Scale : Black lettering on white back-ground.

8. Window : Shatterproof glass

9. Range Selection : Normal process pressure: 50~70 % of range - Shall

be finalised during detailed engineering with
owner’s approval.

10. Over-range Protection :125% of maximum range by internal stop. External
stop at zero

11. Adjustment : For Zero adjustment (Micrometre screw external)

12. Element Connection : Argon welding

13. Process Connection : 1/2" NPT (M) Bottom for local, back for panel
mounting

14. Performance : Accuracy of + 1.0 % of span or better
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15. Operating ambient

16. Safety Feature

17. Accessories

PROJECT: DN 101

:0-50°C

: Blow out disc /diaphragm at the back

a. Snubbers for pulsating fluid application.
b. Stainless steel Diaphragm seals for corrosive/ viscous/ solid bearing or
slurry type fluid applications

™o a0

18. Nameplate

3-Way SS316 Gauge cock for pressure gauges

5-valve SS316 manifold from barstock for differential pressure gauge
Siphons for steam and hot water services

All accessories shall be suitable to handle the process medium

: Tag number, service engraved in stainless steel tag
plate

LEVEL INDICATOR (FLOAT & BOARD TYPE)

1. Type

2. Float Material

3. Float Cable
4. Indicator Assembly

5. Guide wire spring
assembly

6. Guide Wire Anchor

7. Scale Board

8. Elbow Assembly
9. Flanges

10. Accuracy

PROJECT DN101

: Float and Board

: SS-316 or better -Shall be decided by the vendor to
suit the process medium

: SS-316
: Epoxy painted Aluminium

:SS-316 (2 Nos.)

: SS-316

: Anodized Aluminium with engraved marking
(Minimum graduation 10mm), mounting brackets
and suitable hardware required as per tank height
: Anodized Aluminium

: RF, ANSI 150, SS (3 Nos.)

:+ 10 mm or better
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11. Accessories

PROJECT: DN 101

: All mounting accessories including counter flange,
nuts & bolts, suitablegasket etc. as applicable, SS Tag
plate

ROTAMETERWITH DP REGULATOR

1. Type

2. Metering tube

3. Float

4. End fittings

5. Packing material
6. Casing

7. Gland Rings /Followers/
Other wetted parts

8. Orifice Plate

9. Operating Temperature
10. Test Pressure

11. Scale

12. Graduation

13. Process Connection
14. Tapping

15. Accuracy

16. Reproducibility

17. Accessories

TDN:SCR:001 / Part 11l

: ON-LINE for line up to and including 50 mm NB.
Borosilicate BY-PASS for line size above 50 NB

: Toughened Borosilicate - to suit the process
medium

: §$S-316
: §S-316
: Teflon / PTFE
: Stainless Steel

: Stainless Steel

: Stainless Steel (for bypass type)

:0-50°C

: 200% of maximum operating pressure

: 250 mm nominal length

: Direct reading

: Flanged (RF) to line size as per ANSI standards
:D&D/2

: + 2% of full scale reading

: Within 0.5% of instantaneous reading

: SS Tag Plate, orifice plate
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5.00.00 TEMPERATURE ELEMENTS & ACCESSORIES
5.01.00 RESISTANCE TEMPERATURE DETECTOR

1.Element Type : PT100,Ungrounded

2. Wiring : 3 Wire

3. Protecting Tube

a. 0.D. : 8mm
b. Material : Seamless, SS-316 or better - Shall be decided by the vendor
to suit the process medium
c. Filling : Magnesium oxide (Purity above 99.4%).
4. Response time :
a. Lessthan 15 sec. (bare).
b. Lessthan 50 sec. (with thermowell)

5. Calibration : DIN 43760

6. Accuracy 1+ 0.5%

7. Head

a. Type : IP-65 universal screwed type

b. Material : Stainless Steel

c. Terminal blocks : Nickel plated Brass-screw type / silver plated

d. Cableconnection :%” NPT gland and grommet

e. Others : Terminal head cover with SS chain and suitable
gasket. Head of TE to be provided with sufficient space and arrangement
to mount head mounted temperature transmitter (as applicable).

10. Accessories :

a. Adjustable nipple-union-nipple {1/2” Sch 80 X %2” NPT] with thermowell
connection

b. Compression fittings/unions

c. Flanges etc. (for flanged connections only)

d. Thermowell (As specified below)

11. Thermowell connection : %2” NPT (M) or 150 RF Flanged - shall be finalised
during detailed engineering based on stub
connection

12. Nameplate : Tag number, service engraved in stainless steel tag
plate
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Note: The specifications for RTDs of winding/ bearing of motor/pump, can be as
per their manufacturer standards. The manufacturer shall submit the adequate
supporting documents for establishing their standard practice. However, the type
of RTD shall be Pt-100.

THERMOCOUPLES

1. Type :
a. 16 SWG wireof Chromel-Alumel) (Type-K)or Platinum Rhodium(Type-R)
b. Duplex

¢. Ungrounded

2. Protecting Tube

a. 0.D. : 8mm

b. Material : Seamless, SS-316 or better Shall be decided by the vendor
to suit the process medium

c. Filling : Magnesium oxide (Purity above 99.4%).

3. Response time
a. Less than 15 sec. (bare).
b. Less than 50 sec. (with thermowell)

4. Accuracy As per standard ANSIMC 96.1
5. Head
a. Type :IP-65 universal screwed type
b. Material : Stainless Steel
¢. Terminal blocks : Nicke] plated Brass-screw type / silver plated
d. Cable connection  :%,” NPT gland and grommet
e. Others : Terminal head cover with SS chain and suitable

gasket.Head of TE to be provided with sufficient space and arrangement to
mount head mounted temperature transmitter (as applicable).

6. Accessories :
a. Adjustable nipple-union-nipple [1/2” SCH 80 X %" NPT] with
thermowellconnection
b. Compression fittings/unions
Flanges etc. (for flangedconnections only)
d. Thermowell (As specifiedbelow)

o

7. Thermowell connection :%2” NPT (M) or 150 RF Flanged -shall be finalised
during detailed engineering based on stub
connection
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8. Nameplate : Tag number, service engraved in stainless steel tag
plate

5.03.00 TEMPERATURE GAUGE

1. Type : Expansion type (Liquid/Gas filled
system/Bimetallic)
2. Applicable Standard :EN-13190

3. Sensing Element Material : Bourdon - SS-316 or better - shall be decided by the
vendor to suit the process medium

4. Bulb & Capillary Material : SS-316

5. Capillary Tubing : §5§316 capillary with S§5304 armouring,
Shall be decided by the vendor to suit the process
medium

6. Movement Materials : Stainless Steel / Direct Bourdon tip connection to

pointer spindle

7. Case Material :Stainless Steel stove enamelled, black finish,
threaded bezel ring, clear glasscover conforming to
IP 65.

8. Dial size : 150 mm

9. Scale : Black lettering on white back-ground

10. Over range protection : 125 percent of FSD

11. Instrument Connection : Bottom connection for local mounting, back
connection for panel mounting

12. Process Connection : %" NPT (M) or RF Flanged - Shall be finalised
during detailed engineering based on stub
connection

13. Extension Neck Length : 50 mm

14. Compensation
a. Capillary compensation
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b. Case compensation
15. Performance

a. Accuracy

b. Repeatability

c. Response time
16. Capillary length

17. Other features

18. Nameplate

19. Accessories

5.04.00 THERMOWELL

1. Material
2. Manufacture

3. Process connection
4. IBR Certification

5. Bore concentricity
6. Identification mark
7. Surface treatment
8. Element connection
9. Head

10. Length of the hex head

PROJECT: DN 101

: +1.0 percent of full scale Deflection

: Less than 0.5 percent of full range

: 15 seconds (max.).

: 5 metres (local) / 15 metres (local panel)

: Shatter proof glass

: Tag number, service engraved in stainless steel tag
plate

: SS316 thermowell or better - shall be decided by
the vendor to suit the process medium

: SS-316 or better - shall be decided by the vendor to
suit the process medium

: Drilled from bar stock, Hex Head, Tapered design
(As per ASME PTC 19.3-2016)

: M33x2

: Applicable for process pressure above 3.5 kg/sq.cm.
: +5% of wall thickness

: Tag number punched on head

: Polish after machining

: 1" NPT (M) or 150 RF Flanged

: Hexagonal

: 31.75 mm (min.) - Shall be finalised during detailed
engineering
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11. Accessories : SS Plug and chain for test thermo wells SS
Nameplate, Flange with companion flange & all
required accessories for flanged connections.

Note: Bidder shall provide calculation for thermo well as per ASME - PTC-19.3
2016 for approval. IBR form III C or Equivalent certificate and detailed drawings
shall be furnished for all thermowells.

6.00.00 ANALYSERS

6.01.00 OXYGEN ANALYZER

1. Operating Principle : Zirconium Oxide (Zr02)
2. Sampling/Non-sampling : In-Situ

3. Type : Microprocessor based
4. Range :0.1-10% / 0.25-25%

5. Accuracy : 1% of Full Scale

6. Response time (up to 90 : Less than 5 seconds
% of full scale)

7. Linearity : #1% of Full Scale

8. Repeatability : <0.5% of Span

9. Calibration : Automatic & Manual (Zero & Span)

10. Power Supply 1240V AC

11. Output signal : 4-20 mA DC (with superimposed HART signal) into
500 ohms

12. Alarm annunciation : Four relay contacts, Dual Alarm setpoints
(240V AC, 54)

13. Enclosure : Stainless Steel (IP-65)

14. Material for gas carrying: SS-316

Components

15. Reference : Instrument Air

16. Probe Length : 1800 mm or as applicable

17. Indication : LCD display

18. Operating Temperature :Min.1600 °C

Range

19. Accessories :
a. Interconnection cable (asrequired) in flexible conduits
b. Tubes/Fittings, mounting brackets as required
c. Bolts, Nuts, Gaskets
d. Automatic calibration kit for oneyear continuousoperation(complete with
allaccessories and standard GasCylinders)
e. Surge Arrester
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1. Operating Principle

PROJECT: DN 101

GAS (SOX/NOX) ANALYZER

: NDIR

2. Sampling/Non-sampling : Dilution

3. Type : Microprocessor based
4. Range :
a. SO : 0-450 ppm
b. NOx : 0-500 ppm
c. CO/CO: : 0-500 ppm
5. Accuracy :1%F.S.
6. Response time (up to : Less than 5 (five) seconds
90% offull scale)

7. Linearity

8. Repeatability
9. Calibration

10. Power Supply
11. Output signal

12. Alarm annunciation

13. Enclosure
14. Indication

15. Operating Temp.Range

16. Accessories

: £1% of Full Scale

: <1% of Span

: Automatic & Manual (Zero & Span)

: 240V AC

: 4-20 mA DC each channel (withsuperimposed
HART signal) into 600ohms

: Four relay contacts, Dual Alarm setpoints(240V AC,
54)

: Stainless Steel

: LCD display

:0-300°C

a. Interconnection cable (as required) in flexible conduits

Surge Arrester

o a0 o
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Tubes/Fittings, mountingbrackets/pads as required
Purge system for cleaning

Standard gas for calibration.
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ANNEXURE -V

SPECIFICATION FOR CABLES, CABLE TRAYS AND CABLE GLANDS

1.0 GENERAL TECHNICAL REQUIREMENTS

1.0.01 All cable and materials shall be designed, manufactured and tested in accordance with the
latest applicable Indian Standards (IS) and IEC except where modified and/or supplemented by
this specification.

1.0.02 Cable and material conforming to any other standard which ensures equal or better quality,
may be accepted. In such case, copies of the English version of the standard adopted shall be
submitted along with the bid.

1.0.03 The electrical installation shall meet the requirements of Indian Electricity Rules as amended
up to date and relevant IS Code of Practice. In addition, rules and regulations applicable to the
work shall be followed.

1.0.04 Cables shall be flame retardant low smoke (FRLS) type. In hazardous areas cables of suitable
R/L ratio shall be provided for intrinsic safety. Repaired cables are not acceptable.

1.0.05 FRLS marking shall be provided on the surface of the cable at intervals not exceeding 5 m
Durable marking at intervals not exceeding 625mm shall include Manufacturer’s name, Year of
manufacture, Voltage grade, Type of cables (Conductor size & number of pairs / type of
compensating /extension cable),Insulation material, FRLS etc.

1.0.06 Progressive sequential length marking shall also be provided at every meter interval on outer
sheath of cable.

1.0.07 Non-returnable standard seasoned wooden drum containing minimum 500/1000 m +5%
length. Drum shall be anti-rodent, anti-termite and smooth finish. Both end of cable shall be
capped by means of non-hygroscopic sealing material.

1.0.08 For continuous operation at specified rating, maximum conductor temperature shall be limited
to the permissible value as per relevant standard and/or this specification which one is more
stringent.

1.0.09 The insulation and sheath materials shall be resistant to oil, acid and alkali and shall be tough
enough to withstand mechanical stresses during handling.
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1.0.10 Armouring shall be single round wire of galvanized steel for multicore cables and aluminum for
single core cable for power and control cables. For fire survival control cable, the armouring
over inner sheath shall consist of single layer of wire / round galvanized steel wire as per IS-
3975 amended up to date.

1.0.11 The outer sheath shall have flame retardant low smoke halogen evolution (FRLSH)
characteristics or fire survival characteristics as applicable and shall meet the requirements of
additional tests specified for the purpose.

1.0.12 Core identification for multicore cable shall be provided by colour coding.

1.0.13 All control cables shall be 2.5 Sq. mm copper cable.

1.0.14 Multicore control cables will generally have spare conductor(s) in accordance with the
following chart :

Conductors Required Cables
i. lor2 1-3/C
ii. 3or4 1-5/C
iii. 5or6 1-7/C
iv. 7or8 1-9/C
v. 9orl10 1-12/C
vi.  Above 10 Two or more of above cables

1.0.15 Cable Identification

Cable identification shall be provided by embossing on the outer sheath the following:

d.

I R

Manufacturer's name or trade mark
Manufacturer's name or trade mark

Voltage grade

Year of manufacture

Type of insulation, e.g. XLPE, HRPVC & IE2 etc.
No. of core & size of cables

Type of outer sheath e.g. FRLSH, FS etc.

1.1 Thermocouple Extension & Compensating Cable

01. Conductor : Solid conductor
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02. Conductor size

03. Type

04. Conductor Insulation
05. Operating Voltage
06. Twisting

07. Twisting Direction

08. Screen (Pair & Overall)

09, Drain wire

10. Inner Sheath

11. Rip Cord

12. Armouring

13. OQuter Sheath

PROJECT DN101

PROJECT: DN 101

: 16 AWG (1.31 Sq. mm)

: KX (Compensating) (Chromel Alumel)
RX (Compensating) (Copper-Copper alloy) JX
(Compensating) (Iron-Constantan)

: HR PVC Type-C (1S-5831, 1984) 0.6mm thick
: 650V
: Pair twisted with lay of 60 mm (max)

: All pairs in the same direction. Lapped toform bunch with
Mylar tape.

: Aluminium Mylar tape with a thickness 0of28 um (min.) for
individual pair screenand 60 pm (min.) for overall screen
with100% coverage and 25% overlappededges. Over the
individual pair screeningtape two laps of 0.05 mm thick
(min.)polyester tape shall be applied withMinimum overlap
of 25%. Metallic sideof the screen shall be in contact
withdrain wire.

: Annealed tinned copper wire, stranded. Size 0.5 Sq. mm.
(No. of strands / size: -7 / 0.3mm) (For both individual
andoverall screen)

: Extruded FRLS PVC (anti-rodent, anti-termite& moisture
resistant properties) HR PVC Type ST2 of [S-5831, 1984
Thickness as per IS-1554Part-1 1976

: Nonmetallic under sheath

: Gl wire / strip as per IS 3975

: Extruded FRLS PVC (anti-rodent, anti-termite &moisture
resistant properties)

HR PVC Type ST2 0of IS-5831, 1984
Thickness 1.8 mm (Min)
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14. Filler

15. Temperature Range
16. Insulation at 200 C
17. Capacitance at 800 Hz
18. Cross talk

19. Attenuation

20. Codes & Standards
a. IEC 332-1
b. ANSIMC 96.1
c. 1S-8784-1987

21. Tests
a. Oxygen Index
Acid Gas Gen.
Temp Index
Smoke Density Rating
Flammability Test

@™o a0 o

High voltage test

PROJECT: DN 101

: Non hygroscopic with FRLS property
:Upto85°C

: 100 MQ/Km [Min]

: 200 nf/km

160 dB

: 1.2 dB/Km

: Min.29 at roomtemp. (ASTM-D-2863)

: Max.20% by weightas per IEC 754 Part-1
: Min 250 °C at210xy. Ind. (ASTM-D-2863)
: Max.60%(ASTM-D-2843).

:as per IEC 332Part-1 /IEEE-383

Swedish Chimney Test - SS-424-1475 F3

Core to core- 2.0 KV for 1 min.
Core to screen- 2.0 KV for 1 min.
h. Insulation Resistance 100 MQ /Km Min
i. Rodent & Termite repulsion test(Presence of lead shall beconfirmed)

22. Conductor material & sheath color for thermocouple cable as per ANSI MC96.1

Colour of . Colour of .
Cable Type Outer sheath Wire Insulation Conductor material
KX Yellow Positive Yellow Nickel / Chromium
Negative | Red Nickel / Aluminum
JX Black Positive White Iron
Negative | Red Constantan
RX Green Positive Black Copper

PROJECT DN101
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( Negative | Red Copper Nickel ‘

23. Durable printed or embossed numbering at regular interval of 50mm shall be provided for
identification of pairs. Each core printed with number or numbered binder tape shall be
provided on each pair.

1.2 Instrumentation multi Paired Signal Cable

01. Conductor type : Stranded (7) annealed tinned copper

02. Conductor size :0.5

03. Conductor resistance 1390

04. Conductor Insulation : HR PVC Type-C (1S-5831, 1984) 0.6 mmthick

05. Operating Voltage : 650V

06. Twisting : Twin twisted with lay of 60 mm

07. Twisting Direction : All pairs in the same direction. Lapped toform bunch with
Mylar tape.

08. Screen (Pair & Overall) : Aluminium Mylar tape with a thickness of 28um. (min.) for

individual pair screen and 60pm. (min.) for overall screen
with 100%coverage and 25% overlapped edges. Overthe
individual pair screening tape two laps of0.05 mm thick
(min.) polyester tape shall beapplied with minimum overlap
of 25%.Metallic side of the screen shall be incontact with
drain wire.

e Analog signals- Individual pair & overallshield to be

considered.

¢ Binary signals- overall shield to beconsidered.

09. Drain wire : Annealed tinned copper wire, stranded. Size
0.5 Sq. mm. (No. of strands / size: - 7 /0.3mm)

10. Inner Sheath : Extruded FRLS PVC (anti-rodent, anti-termite & moisture

resistant properties)
HR PVC Type ST2 of IS-5831, 1984
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11. Rip Cord

12. Armouring

13. Outer Sheath

14. Filler

15. Temperature Range

16. Insulation at 20 Deg.C

17. Capacitance at 800 Hz

18. Cross talk

19. Attenuation

20. Codes & Standards

a.

@™o an o

IPCEA-5-61-402
BS 5308

IEC 332-1
ASTM-B-33
1S-8130-1984
IS 1554 Part-1
1S 10810

21. Sheath color

22. Tests

a.

b
C.
d
e

Oxygen Index

. Acid Gas Gen.

Temp Index

. Smoke Density Rating

Flammability Test

PROJECT DN101
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Thickness as per [S-1554, Part-1 1976
: Nonmetallic under sheath

: Gl wire / strip as per 1S 3975

: Extruded FRLS PVC (anti-rodent, anti-termite & moisture
resistant properties)

HR PVC Type ST2 of 1S-5831, 1984
Thickness 1.8mm (Min)

: Non hygroscopic with FRLS property.
:850C

: 100 MQ/Km [Min]

: 120 nf/km

: 60 dB

:1.2 dB/Km

: Inner- Black and Outer- Gray

: Min.29 at room temp.(ASTM-D-2863)

: Max.20% by weight asper IEC 754 Part-I
: Min 250 °C at 210xy.Ind. (ASTM-D-2863)
: Max.60%(ASTM-D-2843).

:as per I[EC 332Part-1
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f. Swedish Chimney Test-SS-424-1475F3
Insulation Resistance 100 MQ / KmMin
h. High voltage test
Core to core- 2.0 KV for 1 min.
Core to screen- 2.0 KV for 1 min.
i. Rodent & Termite repulsion test(Presence of lead shall be confirmed)
23. Color of pair/core for Instrumentation Cable (As per 1S-9938)

oa

1st Pair | Blue, Red
2nd Pair | Gray, Yellow

3rd Pair | Green, Brown
4th Pair | White, Black

Above 4 Pairs, 4 Pairs making a unit shall have indelible printed color codedbands like Pink for
1st unit, Orange for 2nd unit and Violet for 3rd unit and soon. In addition band marking, for
example single band for 1st. unit, doubleband for 2nd. Unit and so on, shall be provided on each
conductor foridentification of unit. Band marking on individual core shall be provided atregular
intervals not exceeding 50 mm.

Cables near high temperature zone shall be capable of withstanding hightemperature and
terminated in junction box / panel in normal temperature zone.Teflon insulated and sheathed
thermocouple extension cables and copperconductor cables shall be used in high temperature
zone. Conductor andsheath shall be extruded FEP (Teflon) as per VDE 0207 Part 6 and
ASTMD2116. These cables shall be pair, multipair, and twisted & shielded.

1.3 CONTROL CABLES

1100 V grade 852C continuous rating under normal condition and 160°Cunder short circuit
condition rating HRPVC Control cable (YWY) conformingto following requirement and in line
with 1S:1554, 1S:8130, 1S:5831 andIS:3975.

. Conductor : Stranded, non-compacted & circular, highconductivity annealed plain

copper, generallyconforming to IS: 8130.

. Insulation : Extruded HRPVC type-C compound conformingto IS: 5831. The minimum

volume resistivity ofinsulation shall be 1 x 1014 ohm-cm at 27°Cand 1 x
10113 cm at 850C.

Core Identification : By color coding and numbering at interval of100mm or less
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4. Inner sheath
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: Extruded HRPVC compound conforming to typeST2 FRLS of IS: 5831 for

multicore cables.Single core cables shall have no inner sheath.Filler shall
be of same material as of innersheath i.e. ST2.

5. Armour

6. Overall sheath

7. Drum

: Galvanized single round steel wire for twin andmulticore cables.

: Extruded FRLSH HRPVC compoundconforming to type ST2 of IS: 5831.

: Conforming to IS: 10418 (Wooden drum)

1.4 LV POWER CABLES [1.1KV (XLPE TYPE)]

1100 V grade, 90 °C continuous rating under normal condition and 250°Cunder short circuit
condition rating, XLPE heavy duty, power cableconforming to following requirement and in line
with IS 7098 Part-1. IS 8130 &IS 5831 and IS 3975.

1. Conductor

2. Insulation

3. Core Identification
4. Inner Sheath

5. Armour

6. Overall Sheath

7. Drum

1.5 Cable Tray

: Stranded and compacted plain aluminium ofgrade H2 and

class 2 stranded, highconductivity annealed plain copper
for cablesizes up to 2.5 mm? conforming to 1S:8130.

: Extruded cross-linked polyethylene (XLPE)conforming to

IS: 7098 (Part-1)

: By color coding
: Extruded HRPVC FRLS compound conformingto type ST2

of IS: 5831 for multicore cable.Single core cables shall have
no inner sheath.Filler shall be of same material as of
innersheath i.e. ST2

: Galvanized single round steel wire armour fortwin and

multicore cables.Non-magnetic hard drawn aluminum
singleround wire conforming to H4 of IS-8130 latestfor
single core cables

: Extruded FRLSH HRPVC compoundconforming to type

ST2 of IS: 5831.

: Conforming to IS-10418 (Wooden drum)

Pre-fabricated perforated & covered cable trays of average 3 meters length and ofminimum
dimension 100X35X3 mm shall be used. The tray shall be of minimum100 mm wide, fabricated
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from not less than 2 mm thick sheet steel and of verticaledge of height not less than 35 mm on
both sides. Cable trays shall be hotdip galvanized after fabrication. Minimum value of average
mass of zinc coatingshall be 460 gm/sq.mt. as per IS: 4759. Supporting galvanized brackets

shall beprovided at regular intervals for fixing the trays.

AN

Material
Thickness
Finish
Perforation
Cover

1.6 Cable Gland

A o e

Type

Entry Thread
Material
Finish
Protection
Accessories

PROJECT DN101

Mild steel, slotted
not less than 2.0 mm
Hot dip galvanized
As per MFR standard
Suitable for tray

: Double compression

:NPT /ET

: Brass

: Cadmium / Nickel Plated.

: IP 54 or better

: Neoprene gasket, locknuts, reducers etc.
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ANNEXURE-W

1.0 LOCAL CONTROL PANELS/CABINETS
1.0.01 LocalControl panels (PLC/Relay based) shall be as specifiedbelow.

1.0.02 The cabinet mounted equipment’s shall be fully assembled, installed inmounting racks,
wired and fully tested as per specification requirements andOwner approved drawings
prior to shipment to the project site.

1.0.03 The vendor shall ensure that the cabinets are complete & ready for installationbefore
dispatch from manufacturing works. The installation work at projectsite for these
cabinets shall only involve connections through multi-pair cablesfrom marshalling
cabinets (wherever provided) to system cabinets and intercabinet/cabinet to Control
Desk/ Back up Panel.

1.0.04 All electronic cards, network components, power supply modules etc. locatedshall be
suitably housed in cabinets and shall be neatly arranged in sub-racks.Network
components shall be visible in door closed condition (e.g.Glass doors etc.) as approved by

Purchaser.

1.0.05 Vendor shall design the cabinet internal arrangementand cablegland plate such that all
the cables entering or leaving the cabinet can beproperly glanded in the gland plate.

1.0.06 The packaging density of panels shall be such that the temperature rise withinthe panels
shall never exceed 10°C above ambient even under worstoperating conditions. Cooling
Fans shall be provided wherever required andthis shall be of industrial grade.
1.0.07 TECHNICAL PARTICULARS
1. Material ofConstruction : Cold Rolled Coal Annealed (CRCA) steelsheet
2. Thickness of Sheet
a. 2.0 mm for faces supportinginstruments / terminals
b. 1.6 mm for other sides and top
3. Construction : Welded throughout as per approvedNational Standards
4. Post welding operation
a. Grounding of all welds tosmoothness
b. Rounding of corners

5. Panel height : 2300 mm (approx)

6. Corners : 7 mm inner radius
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7. DimensionalTolerances
a. In height & length - 3 mm
b. In height between adjacentsections - 2 mm
c. Total for a group - 6 mm

8. Doors : Double, recessed, turned back edges, fullheight front & rear
a. Thickness ofSheet :2mm
b. Hinges : Stainless steel
c. Door latches : Three point type
d. Door gaskets :Neoprene rubber on fixed frame to resultdust

proof/weatherproof enclosure
e. Opening of thedoors : Outward

f. Louvers : With removable wire mesh to ensure dustand vermin proof
9. Gland plates :Removable in sections - 4 mm thick (bottom)
10. Cable entry : Bottom

11. Hardware :
a. Anti-vibration pad- 15 mm
b. Predrilled base channel ISMC -100 or equivalent for all sides
Stainless steel buff- finished 2 mmthick kick plate for all sides
Stainless steel scratch strips alongdesk edges fixed with pan-headrecessed screws
Rubber strips to ensure air tightness between kick plate andfinished floor
Lifting hook / Eye bolt
Drawing pocket
Door switch, lamps, thermostatheaters and industrial gradecooling fans,
illumination fixtures.

T oo

12. Name Plate : Both at front and back surface of thepanel
13. Fixing of name plate : Stainless steel pan head screws
14. Name plate material : Laminated phenolic (3 layers)
15. Lettering : Black with white engraved
16. Mounting of terminalblocks
:Vertical angle support bracket tackwelded on sheet steel

plate, screwed oninternal wall of enclosure

LOCAL INSTRUMENT RACK (LIR) / LOCAL INSTRUMENT ENCLOSURE(LIE)

2.0.01 Devices (Transmitters/ Switches) located in the field shall be suitably groupedtogether

to the extent possible and installed in the LIE (Closed Rack).
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2.0.02

2.0.03

2.0.04
2.0.05

2.0.06

2.1

2.1.01

2.1.02

2.1.03
2.1.04

2.1.05

2.1.06

PROJECT: DN 101

Enclosure shall be factory prefabricated & painted and shallcomplete with internal
piping, tubing, manifold, isolation valves, blowdownvalves, integral junction box,
illumination etc.No more than six instruments shall be grouped in a single rack /
enclosure.

Enclosures shall be installed above the tapping points for air, flue gas and coal
airmixture application whereas for applications such as for water and steam,racks to be
installed below the source point.

Attention shall be paid in the layout to avoid air traps in liquid piping and
wateraccumulation in air /gas piping.

Enclsoures used for furnace, flue gas and air application shall be provided
withintermittent & continuous air purging.

Welding of impulse lines shall comply with the provisions of the latestapplicable ANSI
Code for Pressure Piping.Earth stud shall be furnished at rack for safety grounding.

LOCAL INSTRUMENT ENCLOSURE (LIE)

Enclosure shall be free standing type. Racks shall be adequately reinforced toensure
true surfaces and to provide support. Major load - bearing posts shallbe suitably
supported by gusset plates or moment members.

Enclosure outer shall be constructed from at least 3 mm thick steel plate andepoxy
painted to shade gray. Base frame shall be made of ISMC- 100 and black colour finish.

2” NB galvanized pipes shall be laid horizontally and supported at two endchannels to
mount transmitters at accessible height. Center posts or any member, which would
reduce access, shall be avoided.

Double leaf interlocking front opening doors with three point locking shall beprovided
and shall be arranged for maximum possible access to the interior.Key shall be of
identical for all enclosures.

Doors shall have concealed quick removal type pinned stainless steel hingesand locking
handles. Gaskets shall be used between all mating sections toachieve dust and weather
proof enclosure rated for IP-65 including theinternal junction box. All enclosures shall
have access doors on front side.

Removable type bulkhead plates of thickness not less than 6 mm shall bemounted at
the racks with suitable high temperature gasket. Impulse lineswithin the enclosures
shall be properly clamped.
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2.1.08

2.1.09

2.1.10

2.1.11

3.0
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All internal wirings between the instruments and junction box shall runthrough flexible
conduits. No exposed wirings within transmitter racks bothopen and closed type, is
admissible.

Racks shall have a common blowdown drain header, which will connectindividual
instrument blowdown line after suitable pressure breaking throughregulating globe
type blowdown valves. Covered funnels shall be used forsaturated liquid and steam
service, whereas, open funnels may be used forcold liquid services. Header (2” NB
ASTM A 106, Sch-80 Gr. C) shall besuitably sloped and shall have one end flanged and
extending beyond therack for connection to plant drain header.

Each rack shall be provided with one receptacle, light fixtures with wire guardand one
lighting switch each at instrument & Junction box compartments withwire guard.
Lighting switches may be door actuated & mounted inside thepanel. Outlet box, switch
box and device covers shall be of galvanizedstamped steel. Light switches and
receptacles shall be installed inside theenclosure on the wall near the latch side of the
enclosure door. Light fixturesshall be installed on the ceilings of the enclosures.

Power supplies for miscellaneous devices shall be provided with MCB locatedwithin
the enclosures. MCB shall be mounted in fuse blocks. Nameplatesshall be furnished
above the MCB blocks, identifying the devices beingserved.

Vibration dampeners shall be installed for supporting each enclosure. Theloading at
each corner of the enclosure shall be determined by actual testweighting when
construction is complete to determine the correct length ofeach dampener for proper
loading of the dampener in accordance withmanufacturer’'s recommendations.

JUNCTION BOX

1. Type of Enclosure : Dust tight & weatherproof conforming toIP 65

2. Material : 3 mm fiberglass reinforced polyester (UV stabilized)
3. Type of Cover : Solid unhinged with retention chain /Screwed at all

four corners
4, Paint

a. Exterior:Opaline green shade 275 oflS: 5
b. Interior - Brilliant Glossy White. Surface / Two (2) inch Pipe stanchion

5. Mounting : (At a dry compartment at one side of theenclosure /
rack with front opening typedoor)

6. Cable Entry : 3mm (min) Bottom / side Gland plate

7. Gasket : Neoprene

PROJECT DN101 TDN:SCR:001 / Part lll Page 62 of 86



l ?(’Y’J’ ? (5 4

4.0

4.0.01 General Technical Requirements

8. Grounding

9. Number of DrainHoles
10. Identification

11. Accessories

: Two at bottom capped

: Label for |B and Tags for cable

PROJECT: DN 101

: Brass earth lug with green screw headExternal-2
nos, Internal-1no. (M6)

a. Rail mounted cage clamp typescrew less terminals (suitable forconductor size
up to 2.5sq.mm ofsuitable voltage grade) withmarkers and 20% spare

terminals.

b. Cable gland (Brass) & raceways.

c. Ferrules & lugs (Brass).

d. Aluminum back panel.

e. Canopy at top.

f.  Mounting brackets.

g. Bolts and nuts made of brass etc.
ERECTION MATERIALS

This section provides the general technical guidelines for the erectionmaterials for
instruments. All erection materials shall be of good quality andconform to the operating

environment of the corresponding instrument.However, any item required for erection of

vendor supplied system but notcategorically indicated in this section, shall be supplied by
the vendor and allthese items shall conform to International / National standards / codes.

4.0.02 Process Hook Up Accessories & specification

Material and rating of the hook up items shall suit the piping and fluidcondition. Hook up
materials shall be IBR certified for applicable cases. Vendor shall furnish hook up
drawings and the drawings for open racks &closed racks for purchaser’s approval.

I. Seamless Stainless Steel Pipe
a. Reference
b. Material Grade

Type

Size

Schedule

Standard Length

meoan

I1. Stainless Steel Pipe Fittings
Reference

Type

Rating

Size

End connection

© oo

PROJECT DN101

:ASTM A-312 TP 316

: TP 316

: Seamless /Plain end

: As applicable (e.g.%2” NB etc)
140

: 5 meter

: ASTM A-182 F 316 / ANSI B16.11
: Forged

: 3000 1bs / 6000 Ibs / 9000 lbs

: To suit related SS pipe.

: Generally socket weld
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f.

I1I. Seamless Stainless Steel Tube

a. Reference
b. Material Grade
c. Size
d. Type
e. Properties
f. Test Pressure
g. Tolerance
thickness

h. Standard Length
i. Test

IV. Stainless Steel Tube Fittings
a. Reference
b. Type
c. Material
d. Ferrule
e. Type of Fittings
f. Size

V. CS Pipe
a. Reference
b. Material
c. Type
d. Size
e. Schedule
f. Standard Length

VI. CS Pipe Fittings

a. Reference
b. Type
c¢. Rating
d. Size
e. End connection
f.  Type of Fittings

Type of Fittings

PROJECT DN101

PROJECT: DN 101

: Reducing coupling, male-female reducer,straight
coupling, equal tee, three pieceunion, elbow, cap etc.

: ASTM A-213, ASTM A-249 or ASTM A-269

: TP 316

: As applicable (e.g.%4” OD X 0.083” wallthickness / 4"
OD X 0.049” wall thicknessetc.)

: Cold drawn annealed, pickled, passivated, descaled,
hydraulically cleaned seamless tube.

: The tube shall be free from scratches andsuitable for

bending and capable of beingflared by hardened and

tapered steel pin.The expanded tube shall show no

crack orrupture. Hardness shall be RB 80.

: 400 Kg/Sq. cm (minimum)

: £ 0.13 mm for outside diameter + 15 % for wall

: 5 meter
: Flare, Hardness, Ball and Bubble Test

: ASTM-A-182

: Double ferrule double compression

: 316 Stainless steel forged

: 316 Stainless Steel

: Male / female connector, elbow, cross /equaltee,
straight connector, bulkhead union,ferrule etc. as
required to suit installation.

: To suit SS tubing and NPT end connection

:ASTM-A 106 Gr.C

: Cold drawn seamless black C.S.
: Seamless / Plain ends

: As applicable (e.g. %2” NB etc)

: 80, 160, XXS as required

: 5 meter

: ASTM-A 105 / ANSI B16.11

: Forged

: 3000 Ibs / 6000 Ibs / 9000 Ibs

: Suitable to related C.S.Pipe

: Generally socket weld

:Reducing coupling, male-female reducer,straight
coupling, equal tee, three pieceunion, elbow, cap etc.
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VII. AS Pipe
a. Reference
b. Material
c. Type
d. Size
e. Schedule
f. Standard Length
VIII. AS Pipe Fittings
a. Reference
b. Type
c. Rating
d. Size
e. End connection
f. Type of Fittings
1X. GIPipe
a. Reference
b. Type
end caps
c. Material
d. General
e. Size

X. GIPipe Fittings

a.
b.
C.

d.

XI. Carbon Steel Globe Valve

= 0

me a0 o

Reference
Style
Type of Fittings

Size

Reference

Type
Construction
End Connection
Rating

Material ;

e Body - Carbon steel

PROJECT: DN 101

: ASTM-A 335 P22 AS PER ANSI B 36.10
: Cold drawn seamless A.S.

: Seamless / Plain ends

: As applicable (e.g. %2” NB etc)

: XXS

: 5 meter

:ASTM-A 182 F22 AS PER ANSI B 16.11

: Forged

19000 Ibs

: Suitable to related ASPipe

: Generally socket weld

: Reducing coupling, male-female reducer, straight
coupling, equal tee, three pieceunion, elbow, cap etc.

:1S-1239, Part-1
: Medium grade, threaded at both endsprotected with

: Continuous ERW galvanized MS pipe
: Pipe shall be galvanized both inside andoutside
: As applicable (e.g. 1/2”/3/4” /1" etc.)

:1S-1239, Part-1I for material, dimension, thread etc.

: Threaded

: Equal tee, three piece union, unequal tee,straight
socket, 90 Deg. elbow, reducingsocket cap. Etc. to suit
installation.

: Suitable to related GIPipe.

: ASTM A-105

: Globe

: Forged Body Cadmium Plated

: As applicable (e.g. %2” Socket Weld etc.)
: C1. 800 / CL. 2500

e Stem - Hardened Steel

e Plug- AlSI316SS

e Seat- Stainless steel stellited

Packing
Yoke

PROJECT DN101

: Teflon / Grafoil as required
:ASTM A105
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j-

Hand wheel
Design standard

PROJECT: DN 101

: Carbon stee]
: As per ANSI B 16.34

XII. Stainless Steel Globe Valve

a. Reference :ASTM A-182 F316
b. Type : Globe
c. Construction : Forged Body
d. End Connection : As applicable (e.g. 2" Socket Weld etc.)
e. Proof Pressure : 400 Kg/Cm?2
f. Material :
e Body - Stainless steel
e Stem - Hardened Steel
e Plug-AISI316SS
e Seat- Stainless steel stellited
g. Packing : Teflon as required
h. Yoke :ASTM A182 F316
i. Hand wheel : Carbon steel
j. Design standard : As per ANSI B 16.34

XIII. Alloy Steel Globe Valve

a. Reference :ASTM A-182 F22
b. Type : Globe
c. Construction : Forged Body
d. End Connection : As applicable (e.g. 12" Socket Weld etc.)
e. Rating : CL. 2500
f. Material :
e Body - Alloy steel
e Stem - Hardened Steel
e Plug-AISI316SS
e Seat- Stainless steel stellited
g. Packing : Grafoil as required
h. Yoke :ASTM A182 F22
i. Hand wheel : Carbon steel
j.  Design standard :As per ANSI B 16.34

X1V. Instrument Valve Manifold

a. Type
e Two valve manifold
e Five valve manifold

b. Mounting

¢. Construction

d. Material

e. Ports

f. Rating

g. Operating temperature

PROJECT DN101

: Remote 2” Pipe Mounting / Transmitter Rack

: Single block (bar stock)

: Forged body and bonnet AISI 316 stainlesssteel
: Manufacturer’s standard(e.g. 1/2 " NPT (F) etc.)
: 420 Kg/Sq. cm at ambient

:(-)30to (+)170 Deg C
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Packing
Seat & Stem
Plug
Handle Bar
Connection
. Accessories

PROJECT DN101

PROJECT: DN 101

: PTFE Wafer

: AISI 316 SS

: AISI 316 SS free to turn on stem / 17-4 PH
: AISI 316 SS

: Straight

: Plugs for all ports, Mounting Bracket, bolts ,nuts
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C&l Inputs for Selection of Mechanical Equipments

1. Solenoid valves shall fulfil the following requirements:

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

b. Power supply: 24 V DC + 10%.

c. Plug and socket electrical connection.

d. Insulation: Class ‘H’
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Data Sheets
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PERFORMANCE DATA - SCR REACTOR

S.No |Description Unit Data to be filled
1.1{General
1{Unit load range for NOx guarantee
2|De-NOx efficiency with newly installed catalyst (%)
3|De-NOx efficiency at the end of catalyst life (%)
4{Activity of newly installed catalyst
5|Catalyst Activity at the end of catalyst life
6|Catalyst Pluggage at the end of catalyst life (%)
7|Loss of catalyst material at the end of catalyst life (%)
1.2|Temperature ( deg. C)
1|Gas temperature at SCR reactor inlet deg. C
2|Gas temperature at SCR reactor outlet deg. C
3|Temperature of ash collected in SCR reactor ash hopper (if deg. C
applicable)
4|Temperature of ash collected in duct ash hopper (if applicable) deg. C
5|Temperature of ammonia-air mixture at ammonia injection grid inlet deg. C
6|Maximum catalyst heating up rate {deg C/min) deg. C
7|Maximum catalyst cooling down rate (deg C/min) deg. C
8[Minimum flue gas temperature for continuous SCR operation with
ammonia injection deg. C
1.3|Pressure (mmwc)
1[Gas pressure at SCR reactor inlet mmwc
2| Gas pressure at SCR reactor outlet mmwc
1.4|Differential pressure (mmwc)
1|Gas pressure drop across SCR reactor with new catalyst mmwc
2| Gas pressure drop across SCR reactor at end of catalyst life mmwc
3|Gas pressure drop from economizer outlet to APH inlet with new
catalyst mmwc
4| Gas pressure drop from economizer outlet to APH inlet at end of
catalyst life mmwe
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Flow rate (Nm3/s)

Gas flow rate at SCR reactor inlet

Nm3/s

Gas flow rate at SCR outlet

Nm3/s

Flue gas constituents

=Y

NOx concentration at SCR reactor outlet

mg/Nm3 @
6% 02 dry
basis

Ammonia Slip at reactor outlet with new catalyst

ppm

Ammonia Slip (ppm) at reactor outlet at end of catalyst life

ppm

SO2 to SO3 conversion rate in SCR with new catalyst (%)

%

SO2 to SO3 conversion rate in SCR at end of catalyst life(%)

%

Molar ratio NH3/NOx at reactor inlet

NH3/Air ratio at Ammonia Injection grid inlet

RiN|O|n|blwlN

Conversion of elemental mercury to oxidized mercury (%) (if
measured

%

Velocity (m/s)

Gas velocity in SCR reactor inlet duct

m/s

Gas velocity through SCR reactor

m/s

Gas velocity in SCR reactor outlet duct

m/s

Supplementary Data for SCR System

Water requirement i) DM water
ii) Service Water
i) Potable water

Service air

Instrument air

Super-heated steam

Ui lwiN

Number and electrical rating of AC power supply feeders for each

control instrumentation system in Bidder’s scope

Schedule of power consumption
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PERFORMANCE DATA - AMMONIA SYSTEM

, HPOut:: {60 TMCR |BMCR TMCR
- 100% TMCR iBMCR Design | Design Design Worst Worst
S.No Description et Unit Design.Coal {Coal Coal Coal Coal Coat
Ammonia Handling System
1.1|Temperature { deg. C) deg. C
Ammonia forwarding pump suction temperature at minimum
ambient temperature
1 deg. C
Ammonia forwarding pump discharge temperature at minimum
2 |ambient temperature deg. C
3 [Temperature of ammonia at vapouriser inlet deg. C
4 |Temperature of ammonia at vapouriser outlet deg. C
5|Temperature of steam to ammonia vapouriser deg. C
6|Temperature of ammonia at air-ammonia mixer inlet deg. C
7 |Temperature of dilution air at air-ammonia mixer inlet deg. C
1.2 [Pressure (mmwc)
1|Ammonia storage tank pressure at minimum ambient temperature |mmwc
Ammonia forwarding pump suction pressure at minimum ambient
2 |temperature mmwc
Ammonia forwarding pump discharge pressure at minimum
3{ambient temperature mmwc
4 |Pressure of ammonia at vapouriser inlet mmwc
5|Pressure of ammonia at vapouriser outlet mmwc
6|Pressure of ammonia at air-ammonia mixer inlet mmwc
7|Pressure of dilution air at airrammonia mixer inlet mmwc
8|Pressure of ammonia-air mixture at ammonia injection grid infet mmwc
Ammonia pressure drop from vapouriser outlet to air-ammonia
9| mixer inlet mmwc
1.3 |Flow rate (Kg/hr)
1|Ammonia flow rate at vapouriser outlet Kg/hr
2 |Ammonia flow rate at air-ammonia mixer inlet with new catalyst  |Kg/hr
Ammonia flow rate at air-ammonia mixer inlet at end of catalyst
3|life Kg/hr
4|Dilution air flow rate at air-ammonia mixer inlet Kg/hr
5|Ammonia-air flow rate through ammonia injection grid Kg/hr
1.4|Ammonia Piping
1|Pipe size
2 [Material
3|Length
1.5{Foundation details of Ammonia tanks
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EQUIPMENT DETAILS FOR SELECTIVE CATALYTIC REDUCTION

S.No |Description Unit Data to be filled
1.1|General
1|manufacturer of SCR System
2|Manufacturer’s model number
3[No. of SCR reactors per steam generator
4 |Capacity of each SCR reactor (% of BMCR FG flow)
5|Reactor Width (m) m
6|Reactor depth (m) m
7 |Reactor height (m) m
8| Total no. of catalyst layers / reactor
No. of catalyst layers / reactor in service
9
10|Height between two adjacent catalyst support levels (m) m
Height between top edge of catalyst module and bottom edge of the immediately upper
11 |catalyst support level {m) m
12 |Number of catalyst modules and elements per module for each layer
13|Catalyst pluggage considered for catalyst volume determination
14|Total Catalyst volume per reactor {(m3) m3
15|Catalyst volume per reactor per layer {m3) m3
16|Total Catalyst surface area per reactor (m2) m2
17|Catalyst weight per layer / per reactor (MT) MT
18|Percentage of Catalyst pluggage (filled with ash) considered for support structure design (MT) MT
19{Space Velocity {m3/s/m3) m3/s/m3
20}Area Velocity (m3/s/m2) m3/s/m2
21| Type of Static mixer for ammonia and flue gas mixing
22|No. of nozzles in ammonia Injection Grid
23|Type and material of nozzle
24{No. of catalyst de-dusting levels/reactor
25|Type and number of catalyst de-dusting devices/layer/reactor
26{Medium and its consumption rate for catalyst de-dusting
Guaranteed power consumption of SCR system for one steam Generator at the guarantee point
27{ (KW) KW
28|Capacity of Economiser bypass system (if in Vendor scope)
29| Capacity of SCR bypass system (if in Vendor scope)
30| Proposed standard for conducting the performance tests
31| Type of catalyst handling device
32|Capacity of catalyst handling device (MT) MT
1.2|SCR reactor casing
1|Material
2|Casing wall thickness (mm) mm
3|Design pressure (mmwec) (+ve & -ve) mmwc
4|Design temperature {deg C) deg C
5|Max. pressure withstand capacity
6|Max. temperature withstand capacity and duration
7|No. of catalyst support levels
8 |Maximum load bearing capacity of each catalyst support layer(MT) MT
9|Number of inspection doors/layer
10[Dimensions of access openings of inspection doors {(mm x mm) mm xmm
1.3|Catalyst
1|Supplier name
2| Type of catalyst
3 | Catalyst material chemical composition
4|Dimension of each catalyst module and element (L x W x H) {(mm) mm
5[No. of catalyst element per module
6[No. of plates in each element box for plate type catalyst
7[No. of catalyst sub-layer per module
8|Catalyst pitch {mm) mm
9|Catalyst plate thickness (mm) mm
10| Catalyst Substrate material
11|Substrate thickness (mm) mm
12 |Catalyst plate dimension for plate type catalyst (HXW) {(mm) mm
13| Catalyst Porosity (%) %
14Specific surface area (m2/m3) m2/m3
15]Specific Weight (Kg/m3) Kg/m3
16| Whether module contains a removable sample element
17|Maximum Continuous Operating Temperature {deg C) deg C
18|Minimum Continuous Operating Temperature {(deg C) deg C
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19|Heating up rate (max.){oC/min) oC/min
20|Cooling down rate {max.){oC/min) oC/min
21{Type of catalyst erosion protection {(if applicable)
22{Minimum chemical life (months) months
23{Minimum mechanical life (months) months
24{Total Number of sample catalyst for two Reactor
25{Space velocity {m3/h/m3) m3/h/m3
26]Area velocity {m3/h/m2) m3/h/m2
27|Physical properties of Catalyst
Geometry
Pitch
Plate thickness
Compressive Strength
Bend Strength
Bond Strength
Abrasion Resistance
Surface Area (m2/m3) m2/m3
Pore Volume {m2/g) m2/g
1.4]Ammonia Injection Grid
1|Type of Ammonia Injection grid
2|Control of ammonia Injection {Zonal / overall)
3|No. of nozzles
4|Material of the nozzle
5|Material of the ammonia pipes/manifold
6|Nozzle size {mm) mm
7{Nozzle pitch (mm) mm
8|Nozzle spray direction
9{Velocity at nozzle outlet {m/s) m/s
10|Size and weight of pipe frames {diameter and schedule) Vertical frames and Cross frames
11|Drawing reference No
1.5|Catalyst De-dusting System
1|Type Sonic Horn/ Air Cannon/Soot Blower
2[Manufacturer
3|Location {Outdoor)
4|Cleaning medium
5|Parameters of cleaning medium
Pressure {Kg/cm2) {abs)
Temperature {deg.C) deg C
Flow rate (m3/s) m3/s
6|Source of cleaning medium
7|De-dusting Frequency per day
8|Number of De-dusting device/layer
9|Total time required for one complete cycle of De-dusting operation {min) min
10| Depth of penetration {mm) mm
11|Cleaning radius/angle
12|Effective area cleaned by one De-dusting device {m2) m2
13{Reduction in flue gas pressure drop across SCR reactor after each de-dusting cycle {mmwc) mmwc

PROJECT DN101
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For Sonic Horn(if applicable)

Horn Material

Diaphragm Material

Diaphragm Life (yrs)

years

Output power level (dB) and frequency (Hz)

Hz

Maximum operating temperature (oC)

deg C

Weight of each sonic horn (Kg)

kg

For Air Cannonif applicable)

Nozzle Material

Compressed air storage tank Materiat

No. of ports

No. of compressed air storage tanksflayer

vinlw|n|e- N

Capacity of each compressed air storage tank (Nm3)

Nm3

=
)

For Soot Blower

o

Type of Electric Drive Dual/Single Electric Drive

[

Material

Lance / Swivel tube

Nozzle

Motor rating (kW)

KW

Location drawing of De-dusting devices

Description of panels & system equipment offered

alu|siw

Reference drawing Nos.

1.8|Dilution Air System

1.8Dilution Air Fan

[

Manufacturer

N

Type Dual/Single Electric Drive

w

Number and configuration of dilution air fan per steam generator

Capacity Max Flow (m3/sec)Head (mmwc)

Associated temp. (deg C)

Density (Kg/m3)

Source of air supply

Max speed of fan (rpm)

rpm

Fan efficiency at 100% TMCR

%

Auxiliary power consumption at 100% TMCR (kW)

KW

winlvlo|un|s

Overall dimensions

[
(=]

Motor rating (KW)

KW

11{Total weight of fan and motor {tonnes})

tonnes

12 [Method of lubrication

For fans

For motors

13} Mode of air flow control adjustment

14}impeller diameter (mm)

mm

15}5haft diameter {(mm)

mm

16

Material of construction

Casing

Impeller blades

Shaft

Dilution Air Heater (if applicable)

Manufacturer

Type

Number and configuration per steam generator

Auxiliary power consumption at 100% TMCR (kW)

KW

Heater rating (KW)

KW

Voltage level (V)

Noluls|lw|v|e]s

Estimated life of heating element {years)

years

(=]

1.1

Ash Hoppers

For SCR Reactor (if applicable)

No. per SCR reactor

Material

Plate thickness {mm)

mm

Side angle

degrees

Valley angle

degrees

Storage capacity of each hopper (hours)

hours

Volumetric storage capacity of each hopper {m3)

m3

No. of access doors per hopper

A S A N N S

Access door dimensions {mm x mm)

mmxmm

=
o

Hopper dust level detectors

a) Number per hopper

b) Type

11|Ash collection rate (Kg/hr)

kg/hr

PROJECT DN101
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Ammonia Unloading, Storage and Forwarding System

Name of overall system designer

Design codes and standard

112

Truck Tank Unloading Station

[

Manufacturer

(]

Type of connections

w

Hose Material

=
P
w

Ammonia storage Tank

Type of Ammonia storage tanks Horizontal

No. and configuration of ammonia storage tanks

Design code

Storage capacity (days)

days

QOperating pressure

(Kg/em?2) (abs.

Design pressure {Kg/cm2) {abs) (+ve & -ve) vii) Operating Temperature {deg. C)

deg C

Design Temperature {deg. C)

deg C

Tank Volume {m3)

deg C

Wl || |nislwin e

Maximum storage volume {m3)

m3

-
o

Vapour space in tank (%)

%

[
-

Hydraulic test pressure {if required)

{Kg/cm2) {abs

[
N

Shell thickness {mm)

mm

[
w

Corrosion allowance

[
S

Tank diameter {mm)

mm

o
v

Tank length {mm)

mm

[
@

Weight when empty (Kg)

ke

[
~N

Material

Shell and head

Nozzle necks

Nozzle flanges

Manhole nozzle

Manhole flange

Supports and structural attachments

18

Reference drawing Nos
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1.14

Ammonia Unloading Compressor

Manufacturer

Type

No. and configuration

No. of stages

No. of cylinders

Cylinder bore (mm)

mm

Stroke (mm)

mm

Rated Capacity (Nm3/s)

Nm3/s

Wl |N[a|unid|w |-

Design temperature (oC)

deg C

Design pressure

{Kg/cm2) (abs;

11

Maximum Discharge pressure

(Kg/cm?2) (abs)

12

Maximum Compression ratio

13

Speed of the compressor (rpm)

rpm

1

S

Efficiency (%)

%

15

Motor rating and speed

(KW, rpm)

16

Construction features

Built in relief valve Yes/No

Yes/No

Relief valve set pressure adjustable Yes/No

Yes/No

Common base plate for compressor & motor Yes/No

Yes/No

17

Material of construction

Cylinder

Piston

Piston Rod

Crank Shaft

Connecting rod

Bearing

1

o0

Noise Level (dB}

dB

19

Dimension (LxWxH){mm)

mm

20

Reference drawing Nos.

21

Codes and Standards applicable

Ammonia Forwarding Pump (if applicable)

Manufacturer

Type

No. and configuration

No. of stages

Rated Capacity (M3/hr)

m3/hr

Design temperature (oC)

deg C

Design pressure

(Kg/cm2) (abs}

Minimum temperature ammonia pump can handle (oC)

W[V s wlinir=

Specific gravity of ammonia at above temperature

deg C
l

10| Maximum Discharge pressure (Kg/cm2) (abs)
11}Maximum differential pressure between suction and discharge pump can handle (Kg/em?2) (abs)
12{Speed of the pump (rpm) rpm
13| Efficiency (%) %
14| Maximum entrained vapour pump can handle (%) %
15[Motor rating and speed (kw, rpm) kw, rpm
16| Minimum atlowable suction pressure (mmwec) mmwec
17|Construction features
Built in relief valve Yes/No Yes/No
Relief valve set pressure adjustable Yes/No Yes/No
Magnetic coupling drive Yes/No Yes/No
Common base plate for pump & motor Yes/No Yes/No
18| Material of construction
Casing
Rotor
Shaft
Shaft sleeves
Base plate
Wearing rings (if required}
Bearing
19| Dimension (LxWxH)(mm) mm
20| Reference drawing Nos.
21{Codes and Standards applicable
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Ammonia Vaporization system

Manufacturer

Type

No. and configuration

Steam source

1.17

Ammonia Accumulator

Number

Type of accumulator Cylindrical & Vertical

Net capacity of each accumulator (m3)

m3

Design temperature (oC)

deg C

Design pressure (Kg/cm?2) (abs)

Inner diameter of accumulator (mm)

mm

Height of accumulator (mm)

mm

Corrosion Allowance (mm)

mm

Wi |N|la|nidlw[n]-

Material/Thickness(mm)

Shell

Head

Nozzle

Codes and Standards applicable

1.18

Waste Ammonia Dilution Tank

No. and configuration

Storage Capacity of each tank (m3)

Diameter of each tank (m)

m3

Height of each tank (m)

Maximum storage volume (m3)

QB [W]|N =

Tank Material/Thickness(mm)

m3

a) Side Wall

mm

b) Bottom

¢) Roof

mm

~

Design Pressure (Pa) / Temperature (oC)

deg C

el

Codes and Standards applicable

N
=
€]

Waste Water Coliection System

Dimension of dyked area

Storage capacity of dyked area (m3)

m3

No. of waste water retaining basin

Storage capacity of retaining basin (m3)

m3

Dyke and retaining basin material

No. and configuration of waste water disposal pump

Design capacity of waste water disposal pump (m3/s)

m3/s

Design pressure of waste water disposal pump (bar)

Wil |l ln]|sjwlNnie

Design pressure of waste water disposal pump (oC)

deg C

[y
(=]

Pump material

1.2

(=]

Water Spray Devices

Location

Type of spray device

Material of nozzle

Spray Water flow rate (m3/s)

m3/s

L B A L

Spray Water pressure {bar)

bar
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Chemical dosing system for waste ammonia neutralization

Type of chemical for dosing

Pump capacity

POWER CONSUMPTION (kW) FOR SCR SYSTEM OF ONE BOILER  Normal Maximum

1.22
1|Ammonia unloading compressor KW
2|Ammonia forwarding pump (if applicable) Kw
3|Ammonia vaporizer KW
4| Dilution air fan KwW
5| Dilution air heater (if applicable) KW
6|Any other load KW
7{Total KW
1.23[Thermal Insulation
1|Type of insulating material {s)
2|Manufacturer’s name
3|Maximum hot face temp. {deg. C) the insulating material can withstand deg C
4|Bulk Density of insulating material (Kg./m3) Kg./m3
5|Area to be insulated and insulation thickness
SCR reactor Casing
SCRinlet duct
SCR outlet duct
SCR bypass duct
Economiser bypass duct
6|Ash hopper
SCR Reactor (if applicable)
Duct (if applicable)
7|Ammonia pipelines
8|Ammonia Vapouriser
9|Any other
10|Total
11 |insulation material standard
1.24{EQUIPMENT WEIGHT (TOTAL)
1|Structural Steel ton
2{SCR reactor including catalyst ton
3[SCR inlet duct including Ammonia injection grid, static mixer, Guide vanes, flow splitters etc ton
4|SCR outlet duct ton
5|SCR bypass duct ton
6] Economiser bypass duct{if in Vendor scope) ton
7] Platforms, Walkways stairways ton
8|Insulation and cladding ton
9|Control and Instrumentation ton
10( Others ton
11|Total estimated weight {Per Steam Generator) ton
Excluding dust ton
Including dust ton
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GENERAL TECHNICAL INFORMATION / DRAWINGS FOR SELECTIVE CATALYTIC REDUCTION SYSTEM

(After Award of the Contract)

Characteristic/Correction Curves for SCR System

Gas flow rate vs DeNOx efficiency

Gas temperature vs DeNOx efficiency

Inlet NOx concentration vs DeNOXx efficiency

Catalyst deactivation (Relative activity& Ammonia slip V/s operating time

Gas flow rate vs pressure drop across SCR reactor

Pressure drop vs Aux Power Consumption (KW)

Combined effect of gas flow rate and NOx concentration vs Ammonia consumption

Gas velocity vs catalyst life

wle|(vlau]lajw|v]|e]|R

Gas inlet dust concentration vs catalyst life

10

Nox/ ammonia molar ratio V/s outlet Nox concentration

11

Ammonia slip & SO3 concentration Vs Ammonium bi-sulphate formation Temperature

12

Ammonia slip & SO3 concentration Vs Ammonium bi-sulphate formation rate
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LIST OF MANDATORY SPARES FOR SCR SYSTEM
o. | TEM DESCRIETIO
1 Catalyst ##
1.1 Catalyst Module Total no equivalent to
(to be supplied in a suitable packing so that it is not affected by 1 Layer for each unit and to be supplied
outside environmental conditions during storage) matching 75% guaranteed life of running

catalyst.

2 Catalyst Module Seals ## 100% for each unit

3 Soot Blower/ Sonic Horn Assy

3.1 Complete Assembly 2 no. per Unit

q Dilution Air Blower

4.1 Compilete Impelier Assembly 1 no. of each type

4.2 Bearing 1 set of each type

4.3 Motor 1 no. of each type

5 Ammonia injection Nozzles, if applicable ## 25% for each unit

6 Injection Grid assembly pipes 10 % quantity of each type and size for
each unit

7 Valves 10% of each type and size
(minimum 1 no of each type and size)

8 Ammonia unloading System

8.1 Complete compressor assembly 1no

8.2 Complete vaporizer assembly 1no

8.3 Disposal pump assembly 1no

9 Ammonia Forwarding Pump

9.1 Complete Impelier Assembly 1 no. of each type

9.2 Casing Liners 1 set of each type

9.3 Bearing 1 set of each type

9.4 Motor 1 no. of each type

9.5 Pump discharge valve assembly 1 no. of each type

10 Flow guide vanes/straightener/splitters 10% quantity of each shape and size for
each unit

11 Static Flow Mixer( Guide vane/splitter/liner) 10% quantity of each shape
and size for each unit

Note: (1)ltem wise price break up to be furnished

(2) ## - The items under SI.No. 1, 2 and 5 will be considered for price evaluation.

b2
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1. The specification Contains :
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Part 1l — Detail specification Requirements
Part Il — Contract specific Technical Requirements
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General Requirements




High Pressure Boiler Plant TDN:SCR:001
BHEL, Tiruchirapalli Rev 00
Specification for High Dust SCR system Page 3 of 32

1.0. GENERAL

Selective Catalytic Reduction (SCR) System shall reduce overall NOx {oxides of nitrogen)
produced in the Steam Generator to the specified values. This system shall be based on catalysts
which will enable reduction of NOx by ammonia (NH3). The complete SCR system shall be
designed for outdoor location connected to the coal fired steam generator. The SCR system shall
be designed to contain ammonia slip to specified values under all operating conditions. Ease of
maintenance, repair and overhaul shall be a central consideration in the SCR equipment
design/arrangement,  assembly, access, provisions for spares/tooling etc. The
design/specifications/sizing of various plants/systems/equipment offered for the SCR System &
Auxiliaries shall comply with the requirements detailed hereinafter.

The SCR system supplier (the Vendor) shall design, fabricate, deliver and place the selective
catalytic reduction {SCR) system into commercial operation for treating the flue gas NOx
emissions exiting the steam generators. The SCR system design conditions shall be as specified in
Part Il of this specification.

2.0. DESIGN CRITERIA FOR THE SCR SYSTEM

The design of the SCR system shall be based on proven concept of reduction of NOx in the flue
gas emanating from pulverized coal fired steam generator through mixing ammonia and passing it
through catalyst bed placed in reactor. Ammonia shall be mixed to the flue gas upstream of the
SCR reactor. The flue gas shall flow from top to the bottom of the reactor unless otherwise
specified elsewhere in the specification. A reactor gas side by-pass shall be provided for
operational flexibility. The total catalyst requirement shall be arranged in layers, on horizontally
arranged support frames inside the reactor. Further provision for one spare future layer of
catalyst shall be made within the reactor. Anhydrous ammonia shall be used as the reagent for
the SCR system. Unloading from truck, Storage and forwarding facility for ammonia shall be
provided including facility for its vaporization and dilute air-ammonia mixture preparation for
feeding in to the flue gas through an injection system.

2.1 Materials and Equipment

2.1.1 Materials and equipment must be new and of proven design. Equipment de emed to be
prototype in nature are unacceptable.

2.1.2 The use of asbestos, asbestos containing materials, or polychlorinated biphenyls (PCBs) is
prohibited in any of the equipment furnished.

2.1.3 Parts subject to wear, corrosion, or deterioration, or requiring adjustment, inspection or
repair shall be accessible and capable of convenient removal, replacement and repair.

3.0REGULATIONS, CODES, STANDARDS AND SPECIFICATIONS

3.1 Referenced Standards

3.1.1 Reference to the standards of any technical society, organization, or association, or to the
laws, ordinances, or codes of government authorities shall mean the latest standard, code, or
specification adopted.

3.1.2 The referenced codes and standards shall govern in all cases except where they conflict with
the requirements of these specifications. In case of conflict between this specification and codes
or standards and, the stringent requirement shall be followed and the same shall be brought to
the notice of the Purchaser.

3.1.3 Publications of the following agencies shall form a part of these specifications to the extent
specified therein. References to the sponsoring agencies will be made in accordance with the
abbreviationsindicated:
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ACl, American Concrete Institute

AHI, American Hydraulic Institute

AMCA, Air Movement and Control Association, Inc.

ANSI American National Standards Institute

ASME American Society of Mechanical Engineers

ASTM, American Society Testing and Materials

AWS, American Welding Society

BIS, Bureau of Indian Standards

ISA, Instrument Society of America

IEEE, Institute of Electrical and Electronics Engineers

NEMA, National Electrical Manufacturers' Association

NEC, National Electrical Code

NFPA, National Fire Protection Association

OSHA Occupational Safety Health Act

SMPV, Static Mobile Pressure Vessel Code

3.1.4 Other Regulations and Codes:

a. IS 4544, Ammonia - Code of Safety, Ammonia Code of Safety. This includes providing process
safety information as well.

b. IS 662/ 799 — Indian Standard for specification for Anhydrous Ammonia / Ammonia Liquor
c.ANSI Pamphlet CGA G_2.1—2014 6th Edition (formerly ANSI K61.1), - Safety Requirements for
the Storage and Handling of Anhydrous Ammonia

d. ASME Boilerand Pressure Vessel Code, Section VIII- Pressure Vessels

e. All local safety and handling ordinances concerning automatic sprinkler systems, canopies,
impoundments, and venting requirements |

f. AISC specification for the Design, Fabrication and Erection of Structural Steel for Buildings
(latest edition)

Omission of any codes or standards does not relieve the Vendor of his responsibility to follow all
applicable codes, standards and regulations. Any conflict among standards shall be referred to
the Purchaser who shall determine which standard governs. Should codes and standards be
revised after the issue of these specifications, the Vendor should inform the Purchaser
immediately upon receipt of such information. Before adoption of any subsequent issue, or case
ruling, the Vendor shall discuss the effect of these requirements with the Purchaser and proceed
with material and/or fabrication changes only after the Purchaser's written approval.

4.0 SCOPE OF SUPPLY

The SCR system scope of supply shall include the following:

4.1 SCR Reactor !

a. Reactor chamber including duct plate housing, insulation, lagging and all structural
internal supports. The reactor chamber housing shall include provisions for access as
required to maintain the system, test ports, equipment mounted instrtumentation for
monitoring the performance & tuning the system, access doors for ¢ata|yst loading,
removal & inspection. In addition, a permanent sealing system along the bottom support
beams and between catalyst modules, baffle and seal bars on top of each module,
internal reactor guide vanes & an upstream flow straightening system (if required), and
reactor external sliding supports shall be furnished.

Note: The Vendor shall size/match the Purchaser's arrangement drawings (Refer Part
III) in order to confirm adequate access provisions for all furnished equipment. Vendor
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shall furnish SCR arrangement drawing indicating all access requirements including
external stairways, ladders, platforms, handrails and handling requirements and
accessories supplied by the Purchaser.

An internal and external monorail/hoist system shall be utilized to remove, install and
handle catalytic modules. Internal reactor monorail steel shall be provided by vendor at
each catalyst layer to accommodate the installation and removal of modules. External
monorail support steel and an interconnecting transition piece (if required) shall be
provided by the Purchaser. Vendor to recommend the {ocations of catalyst removal access
doors and loading scheme in the SCR arrangement drawing to be submitted for
Purchasers review.

Scope of SCR duct work including external stiffeners, internal supports, duct expansion
joints, dampers, insulation and lagging shall be as per Terminal Point indicated in P&ID.
Required test ports for sampling, fixed monitoring probes, guide vanes design and
location, if required in the duct of Purchaser’s scope, shall be provided by the Vendor.

Note: The external steel for ductwork support design shall be by Purchaser. The Vendor
shall supply all relevant ductwork loading and expansion information to the Purchaser.

4.2 Catalyst Modules

SCR catalyst modules including all equipment to safely install the modules within the
reactor chamber. Activity testing of sample catalyst elements during the guaranteed
service of the catalyst shall be provided. Catalyst instruction manuals describing short and
long term storage requirements, installation procedures, permissible inlet operating
conditions and disposal procedure shall be furnished. Correction curves for off-design
field operating conditions shall also be provided.

4.3 Flue Gas Mixing Device and Flow Model Study

a.

Flue gas mixing devices, as required, to ensure a uniform distribution of ammonia,
temperature and gas velocity entering the first catalyst layer. A physical flow model will
evaluate the necessity for such a device.

A 1/10th scale, Plexiglas flow model study of the SCR system arrangement shall be
provided. This shall be supported with CFD study of the full scale model. Physical
modelling for SCR reactor, upstream duct work from economizer outlet (including
economizer gas bypass) along with cyclone separator (if applicable) and downstream
ductwork from SCR reactor outlet upto Air preheater inlet including Ammonia injection
grid/nozzle shall be carried out to examine and finalize the design options for the duct
system, flow modification devices, Ammonia Injection system, etc. This shall confirm the
Vendor's SCR system performance with respect to ammonia distribution, ammonia
injection grid design and location, internal duct guide vane arrangement, areas of
possible dust accumulation, flue gas mixer design and location, and reactor design and
inlet ductwork arrangement. Based on the model test studies, the Vendor shall finalize
the geometry of the reactor, ductwork, flow modification devices, sampling points etc.
The model study shall be carried out in the presence of the Purchaser. The physical model
shall use fan(s) to draw air through the mode! at a flow rate that provides similar fluid
dynamic behaviour to the full scale system.
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4.4 De-dusting System

a.

Steam assisted soot blowers shall be provided above each catalyst Iayﬁer. All blowers,
piping, valves, fittings, drains, reactor soot blower steel supports and complete controls
and wiring shall be furnished. |

Note: Steam piping shall be furnished by the Purchaser up to a single t%rminai point at
the SCR boundary. |

Alternatively, sonic horn and air cannon for blowing/dislodging accumulaked/sticking ash
and fouling on catalyst surface. Type of de-dusting system shall be oﬁfered based on
Vendor’s standard practice/ past supply experience. ‘

The contractor shall establish/ recommend de-dusting device frequency and their
performance tuning based on the actual operation through controlled
tests/measurements. Cleaning effectiveness shall target recovery, as measured through
gas pressure drop and visual inspection, up to a near pressure drop value with reference
to completely clean reactor as measured at the time of commissioning. In case if above
de-dusting systems are not sufficient for effective cleaning of the catalystithan the bidder
may provide Dry Cleaning System for in-situ cleaning of the catalyst in addition to above.

4.5 Ammonia Unloading, Storage, Handling and Preparation System

An ammonia handling and storage facility including unloading system, compressor to
unload for supply truck, storage tanks, , and valves required for the safe unloading and
storage of anhydrous ammonia with all equipment’s, fittings, hose connections,
monitoring and safety devices. All equipment shall meet international and local
regulations codes. |

Two (2) x 100 % Ammonia vaporizers with all associated connecting pipin% to vaporise the
ammonia required for the SCR system. If steam assisted vaporization system is offered
associated accumulators, piping, instrumentation and controls shall be offered.
Condensate formed due to the condensation of steam shall be cohnected to the
condensate tank by the Purchaser from Vendors terminal point. Vendortb provide steam
requirements and terminal points. :

Two (2) x 100 % common ammonia forwarding pumps skid (if applicable) {1 working and 1
standby pump) with recirculation line shall be provided to ensure steady supply of
ammonia to the vaporizer and flow control units (located at the steam generator).
Ammonia accumulators and associated syste ms capable of handling the ammo nia to meet
the requirements of SCR system. i

A dyke shall be provided around storage tank area with storage capacity equivalent to one
storage tank, for collection of liquid ammonia in case of emergency. This dyke shall be
connected to waste water retaining basin. Civil works are under Purchaser’s scope.

One (01) no. Waste water retaining basin near ammonia unloading & istorage system
along with 2x100% waste water/ ammonia disposal pumps with motors/for transferring
drains to Water Treatment Plant (WTP). Che mical dosing system for controlling pH of
waste water before sending to WTP. ‘
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g.

A dilution air skid including an ammonia/air mixer, two (2) x 100 % dilution air blowers,
two (2) x 100 % dilution air heaters (if required), instrumentation, valves and local
controls. The ammonia flow instrumentation shall include all necessary control, shutoff,
bypass and relief valves and monitoring devices to ensure a safe operational system. The
required control logics and interlocks for implementation in purchaser's DCS shall be
furnished by vendor.

An ammonia dilution tank of adequate capacity shall be provided with all interconnecting
piping to allow the safe disposal of any excess ammonia vented or drained from the
system.

All interconnecting piping from the ammonia storage tank / vaporizer skid to the dilution
air skid, and from the dilution air skid to the ammonia injection inlet manifold shall be
provided. Fittings, hangers and supports shall be provided for all piping in the Vendor's
scope of supply.

Personnel safety equipment in order to comply with all local requirements. As a
minimum, the following shall be provided:
Shower/eyewash stations located in the vicinity of the ammonia storage tanks and
the dilution air skid
Face masks and canisters
Goggles
Gloves and boots
Ammonia sensor alarms (for local & remote) located in the vicinity of the ammonia
storage tanks and the dilution air skid

4.6 Ammonia Injection System

a.

Ammonia injection system including an inlet manifold with local temperature and
pressure gauges, ammonia injection nozzles, flow control valves, flow orifices and
manometers, flex hoses, compressed air valve connections and all required piping with
internal and external structural supports. The space and access requirement shall be
indicated in the AlG arrangement drawing.

4.7 Electricals, Controls and Instrumentation

The following shall be under vendor’s scope of supply

a.

All the controls and interlocks required for safe operation of the complete SCR system
and other auxiliary systems.

The Oz Analyser, SOz Analyser, NOxanalyser at inlet and outlet of SCR reactor, NHzanalyser
at outlet of SCR reactor as indicated in the P&ID. In addition, pH measurement (if
applicable) and any other analysers connected elsewhere in the SCR system shall also be
under vendor’s scope of supply.

The ammonia leak detector system with all its associated instrumentation, controls and
annunciation system shall be under vendor’s scope of supply. Detailed specification shall
be referred.

All instruments in the lines/equipment supplied by the vendor shall be in vendor’s scope.
These instruments shall be terminated in local junction box / local control panetl / skid as
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per vendor’s standard practice. Vendor to refer Annexure U for Speciﬂication of field
Instruments.

e. All pneumatic actuators (with smart positioners for regulating duty) & e“ectnc actuators

for regulating and Open/close applications shall be in vendor’s scope of supply. Vendor to
refer Annexure R for Specification of Actuators.

f. All equipment/instruments in vendor scope shall be wired up to the local junction box/
local control panels. The Instrumentation & Control cables from fielb equipment /
instruments to Local 1B/ Local Control panels shall be in vendor’s scope of}supply. Vendor
to refer Annexure V for Specification of all the varieties of cables.

g. All Local Controls Panels, Field Junction boxes, Local instrument enclosures shall be in
vendor’s scope of supply. Vendor to refer Annexure W for detailed specification.

h. All Instrument installation/erection materials including piping’s, fittings, root valves etc.,
required for the vendor supplied instruments shall be in vendor's scope of supply.
Vendorto refer Annexure W for detailed specification. ‘

i. All erection materials including cable glands, cable trays required for vendor supplied
equipment/instruments/panels/enclosures/junction boxes/cables shall be in vendor's
scope of supply. Vendor to refer Annexure W for detailed specification.

j. Al LT & HT motors part of the SCR system shall be in vendor’s scope of supply. Vendor to
refer Annexure S for Specification of Motors.

k. Vendortorefer Annexure Q for Electrical Power supply details. ‘
. Vendorto refer Annexure P for Terminal Points for Electrical C&I Equipment.

4.8 Other Requirements

a. Utility piping, fittings, hangers and supports from a tie-in point at the Vendors battery
limit to service the SCR system steam, water and air requirements. !

b. Primer, finish painting of all uninsulated steel and piping surfaces shall be provided.
Purchaser shall confirm if the Vendor's paint is acce ptable.

c. One (1) year spare parts (excluding catalyst) for maintaining the availability of the
Vendor's supplied equipment shall be supplied along with main equipment.

d. Mandatory spares as per the list enclosed separately shall be offered. |

e. Erection material for vendor supplied equipment.

f.  Supervisory services for the erection, start-up, testing and commissioning of the Vendor's
equipment. Breakup price for the above services shall be quoted separately.

g. Instruction manuals, performance test procedures and testing plan for\the equipment
supplied by the Vendor for purchasers review and acceptance.

h. Performance testing and commissioning is Vendor’s responsibility. ‘

i. Trouble shooting of equipment engineered or supplied by vendor before handing over of
SCR system to end customer shall be in Vendor scope.

j.  Onsite SCR training program with instruction manuals for preparing ithe Purchaser's
personnel to operate and maintain the equipment supplied by the vendor.

k. Vendor quality plan shall be submitted for Purchaser’s review and approv?l.

I.  The Vendor shall provide the Purchaser with reasonable advance notice of all factory
tests associated with the equipment/items under Vendor scope of supply. The Purchaser
shall be entitled to witness all factory tests. The Purchaser shall also be aIIowed to specify
a third party representative to witness these tests.
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In general, all components, features and design parameters specified herein are minimum
requirements. If the Vendor's design dictates that these requirements be exceeded to meet
specified performance guarantees and to provide a safe, reliable operating unit, he shall include
all equipment above and beyond the equipment required to meet these minimum requirements.
The Vendor shall provide all accessories and appurtenances which are required for a complete,
reliable and safe SCR operating unit whether or not the specific equipment which is customarily a
part of such a system has been specified herein.

Note: For project specific scope of supply refer Division of Work document.

5.0 EXCLUSION

The following items shall be provided by others and are not a part of this specification:

a.

b.
C.
d

3.—"

&+ »w 5 O T O S

Supply of anhydrous ammonia

Site permitting

Water for the ammonia system

Site utilities for construction and SCR operation - including instrument air, electrical power,
water, steam, outdoor lighting, etc.

All earthwork, foundations, base plates, anchor bolts and site remediation for
accommodating the SCR system

DCS/Remote control panels

Complete Electricals including MCC, Switchgears, Distribution boards, Power Cables, Cable
trays, Earthing, Grounding, Lighting & Hllumination, Lightning protection system.
Instrumentation and control cables beyond Local JB/local control panel (for Vendor supplied
instruments)

Instruments other than those specifically included under scope of supply

UPS & its distribution

Steam, water, air, oil, nitrogen and drain piping, valves, traps outside the Vendor's battery
limit

Thermal insulation as required for associated piping not furnished by the Vendor

External structural steel for supporting ductwork, platforms and SCR reactor chamber. Access
platforms, handrails, stairs, ladders, grating, and elevators.

SCRreactor bypass duct with insulation and lagging

Stack continuous emission monitoring system (CEMS) for regulatory compliance

Erection of all SCR equipment

Receiving and onsite storage of catalyst modules

Supply of duct works from Eco out to inlet of reactor chamber.

Supply of duct works from outlet of reactor chamber to APH inlet.

Lining and insulation of duct works from eco outlet to APH inlet including reactor chamber
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PART II ‘
Detailed specification Requirements
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1.0SCR SYSTEM DESIGN REQUIREMENTS

1.1 The design of the SCR System shall be carried out taking following into consideration:

a) All operating conditions of steam generator (e.g. gas temperature, ash, start/stops, load
cycling) from start-up to 40% TMCR without ammonia injection and from 40% TMCR to BMCR with
ammonia injection for complete range of specified coal and specified ambient air condition.

b) Duct design for reduced gas stratification and effective gas-ammonia mixing for minimization
of ammonia consumption and slip

c) Prevention of formation of ammonium bisulfate (ABS) and other ammonia components, which
deactivate or plug up or mask the catalysts and other downstream components

d) Minimization of SO2 to SO3 conversion

f) Prevention of plugging of the catalyst by ash particles

g) Design life of 25 years (excluding catalyst).

h) Modular construction to enable catalyst management plan (CMP) and periodic maintenance /
inspections.

1.2 The SCR system shall be of a hot-side, high dust design, located between the economizer and
the gas inlet duct to the air preheater.

1.3 The SCR system shall be designed for continuous operation with any of the fuels specified in
Part lil. The SCR equipment performance shall meet outlet emission require ments as detailed in
the Part Ili

1.4 Anhydrous ammonia with a minimum ammonia content of 99.5 % shall be used at this facility.
Anhydrous ammonia is supplied and stored as a compressed liquid with moisture limited to
0.50% maximum.

1.5Site Conditions
1.5.1 The basis for the SCR system design shall be according to the site conditions specified in Part
i

1.6 The catalyst shall be selected to meet outlet emission requirements based on the design
criteria and SCR performance shall be achieved for all combinations of fuels and operating boiler
loads indicated in Part Hi.

2.0SCR SYSTEM GUARANTEES
2.1 The SCR system shall be designed and guaranteed to limit the NOx emissions across all load
range as specified in the Part Il

2.2 Unreacted ammonia exiting the SCR reactor shall not exceed the value specified in Part Il for
all operating conditions and fuels listed in Part Ili

2.3 The exit NOx and unreacted ammonia emission guarantees shall be maintained over a period
of minimum operational hours as specified in Part lll without replenishing the catalyst. in case of
non-performance of the catalysts as per guarantee terms, then the vendor is liable to replace the
catalysts/equipment to meet the performance require ments.

2.4 The SCR system including all ductwork, flow distribution devices, ammonia injection grid, and
reactor flow straightening grid in the Vendor's design or supply scope shall be guaranteed not to
exceed the draft loss as specified in Part lll with all initial and future catalyst loaded.
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2.5 The draft loss across the initial loaded catalyst shall be designed and guaranteed for the inlet
operating conditions specified in Part lil.

2.6 The oxidation rate of SO, to SOz shall be guaranteed as per Part Il at all inlet operating
conditions specified in Part Il while firing any of the fuels specified in Part lll. The guarantee
should be based upon having all future catalyst layers loaded into the reactor.

2.7 The anhydrous ammonia consumption rate shall be guaranteed for each of the fuels/
operating conditions specified in Part lil.

2.8 Protocol to be signed by Vendor with end customer after proving all guarantee parameters
identified in this specification. !

3.0SCR REACTOR CHAMBER

3.1 The SCR reactor shall be a high dust, hot side arrangement located downstream of the
economizer and upstream of the two air preheaters. Flue gas will flow vertically down through
the catalyst layers. !

3.2 There shall be one SCR reactor with two outlets located directly above the two air preheaters.
Alternatively vendor to consider two SCR reactor with one outlet each as an option for purchasers
review. The geometry of the reactor chamber shall be as specified by vendor. The Vendor must
maintain support points, reactor chamber dimensions, etc. to enable steel arrangement and
design at Purchasers end. In general refer the arrange ment drawing furnished by the Purchaser in
Part lIl.

The distance between module layers shall be a minimum as specified in Part lll . This distance
shall provide adequate clearance between catalyst layers to facilitate loading and unloading of
modules as well as internal reactor inspections.

Multiple layers of catalyst shall be provided. No modules shall be stacked upon each otherin the
reactor. The maximum module height in any one layer shall not exceed 1500 mm (Vendor may
specify any other dimension to optimise). This shall effectively allow soot blowing to dislodge
any possible ash accumulation within catalyst surfaces. ;

3.3 The SCR reactor chamber and inlet ductwork shall be designed to maintain sufficient velocity
to prevent fly-ash dropout over the entire boiler operating load range. Reactof inlet transition
ductwork shall make gradual changes in cross-sectional area and contain an adequate number of
vanes and/or baffles to minimize gas separation zones, prevent dust stratification, prevent fly-
ash agglomeration and erosion, and minimize the propagation of wake regimes at the inlet of the
reactor upstream of the flow straightening grid. ‘

All ductwork designed by the Vendor shall contain adequate vanes, baffles, and mixing devices to
ensure that gas velocity, temperature and ammonia distribution requirements are met. The
vanes and mixing devices shall be designed to promote streamlined flow and prevent erosion
and vibration.

3.4 The catalyst reactor shall be a self-supporting structure designed to aIIbw for thermal
expansion and contraction. Module support shall also be designed to allow thermal expansion
and contraction without stressing the modules. Internal reactor steel shall be fabricated from A-
36/ IS 2062 material with rolled members. The design of the internal structure shall conform to
the seismic and wind requirements specified in Part Ill. The structural steel design shall also
confirm to the latest edition of the AISC/BIS Specification for the Design, Fabricatjon and Erection
of Structural Steel for Buildings.
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3.5 Obstructions within the reactor chamber by beams, pipes, soot blowers, etc. shall be kepttoa
minimum. There shall be no areas where dust can accumulate. Ledges or flat areas shall be
avoided. The reactor design shall also accommodate the installation of either a plate or
honeycomb catalyst without requiring major structural modifications.

3.6 The SCR reactor shall contain a flow straightening grid upstream of the catalyst layers to
provide uniform flow distribution and streamlines. The reactor shall be designed to avoid non-
uniform gas flow and dust deposits on the catalyst bed. Reactor inlet flow distributions shall
achieve a flue gas velocity uniformity of +/- 10 % from the average velocity when measured
upstream of the first catalyst layer. The inlet and outlet gas flow around the straightening grid
shall be as near normal (vertically downward) as possible.

3.6.1 A metal flow straightening grid shall be provided. The grid shall be provided in modules for
ease of installation into the vertical flow reactor. The metal grid shall be bottom supported in the
reactor.

3.6.2 The Vendor shall provide dimensional drawings of the metal grid assembled units. The
drawings shall show adequate dimensions and clearances required for the properinstallation and
maintenance of the grid. The Vendor shall indicate the weights of each metal grid module
component.

3.6.3 The metal grid moduies shall be completeiy shop assembied and ready for installation into
the reactor chamber. An optimized array of metal grid modules with lifting lugs shall be provided.
3.6.4 Module construction shali avoid flat surfaces which can potentialiy resuit in excessive ash
deposition.

3.6.5 Structural tubing may be used to construct the grid. Module framework shall be constructed
of carbon steel material or better. Provisions for expansion shall be inherent to the module
construction. Exposure of the grid material to flue gas temperatures ranging from 200to 400 C can
be expected. All modules shall be completely welded. Other structural configurations may be
proposed and considered by the Purchaser.

3.7 Reactor casing provided by the Vendor shall be welded steel plate construction fabricated
from A-36 /1S 2062 material or better.

3.8 The catalyst reactor chamber shall be insulated and lagged. Adequate insulation shall be
provided in order to ensure that the temperature of the catalyst surfaces does not go below the
acid dew point during a shutdown. All insulation shall be applied against plate work, impaled on
10 gauge pins and secured with pin clips. All insulation shall be applied to prevent direct heat
transfer through steel.

3.9 Catalyst and personnel access doors shall be independently insulated to allow convenient
access or removal. Test ports and other flanged connections shall be insulated to the greatest
extent possible.

3.10 Lagging shall be installed, sealed and flashed to provide a neat weatherproof protective
covering. Lagging shall be a minimum of 0.81 mm on the reactor walls. Lagging on the reactor roof
shall be a minimum of 1.27 mm.

3.11 The reactor shall accommodate sufficient catalyst to achieve guaranteed NOx reduction and
ammonia slip requirements as specified. A spare layer accommodating the future addition of a
minimum of one layer shall be provided. Design loads, including weight, pressure, seismic, draft
losses across catalyst, etc., shall consider the addition of this future layer.

3.12 A permanent sealing system shall be provided between individual catalyst modules and
support beams, reactor walls, and adjacent modules to prevent bypass of the flue gas around the




High Pressure Boiler Plant TDN:SCR:001
BHEL, Tiruchirapalli Rev 00
Specification for High Dust SCR system Page 14 of 32

catalyst. The system shall be designed to permit subsequent catalyst replacéments without
damaging the sealing mechanism. Baffles or shrouds (ash accumulation plates) shall be provided
to prevent fly-ash accumulation between modules and along the perimeter of the reactor walls.

3.13 The SCR system shall include a reactor bypass (bypass ductwork supplied by the Purchaser) to
be used during start-up, shutdown and emergency conditions. The reactor bypass shall include a
tight shutoff damper to prevent flue gas slippage while the SCRis in operation. The Vendor shall
assume 2 % flue gas bypassing the SCR reactor when selecting the proper catalyst volume for the
design criteria specified in Clause 2 of Part |l.

3.14 All access doors for inspection and catalyst loading shall be boited consf:ruction. Square
access doors shall be furnished with air tight gaskets suitable for the teimperature and
environment. ‘

3.15 The Vendor shall furnish test ports on the reactor chamber to properly evaluate the
performance of the catalyst. All test ports, except those used for permanent Analyzers and
instrumentation connections, shall be a minimum of 101.6 mm diameter furnished with NPT
thread on one end with screw cap. Pressure differential connections shall be provided between
each catalyst layer. All test ports shall protrude outside the thermal insulation lagging a minimum
of 101.6 mm. All other test ports not located in the Vendor's supplied ductwork and reactor shall
be provided by the Purchaser. At a minimum, test ports shall be located upstream of the
ammonia injection grid, upstream of the first catalyst layer and at a plane directly below the last
catalyst layer (future layer). At a minimum, test ports used for portablie probe traversing shall be
located on 1 meter centres across any one plane. ‘

|
3.16 Reactor start-up and shutdown thermal gradients shall not be limited by theiinternal reactor
steel structure. Support beams, casings, and insulation shall be designed to allow the reactor to
warm-up through the moisture and acid dew points as quickly as possible. The Vendor shall
supply a start-up and shutdown sequence including a time line.

3.17 A hoist/monorail system shall be furnished by the Vendor to assist in the iinstaliation and
removal of catalyst modules from the SCR reactor chamber. Internal monorail steel at each level
of catalyst (including the future layer) shall be provided. An electric, slow speed hoist will be
attached to the overhead monorail in order to facilitate the movement of individual catalyst
modules from the ground to the proper level within the reactor. All monorail steel external to
the reactor chamber shall be provided by the Purchaser. A hydraulic troliey provided with the
catalyst modules shall be used to position each of the modules into the proper location within
each layer.

The hoist requirements are as follows:

Number of hoists per SCR system: One (1)

Type :Lugmounted electric wire rope hoist

Load Capacity :Asrequired to lift heaviest catalyst module

Vertical hook travel: To handle top most catalyst module level to ground level

Pendant assembly*: 1-Push-button pendant control station with conductor and support cables
Electrical requirements: Refer Part I11. ‘

*Note: The operator shall be capable of moving the load vertically 12.7 mm or lless at a time by
tapping the down button.
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4.0 CATALYST AND CATALYST MODULES

4.1 The catalyst supplied by the Vendor shall be plate or honeycomb type with a
vanadium/titanium composition. Vendor to consider the maximum ash / dust concentration
specified in Part [11.

4.2 Sufficient catalyst volume shall be provided in order to meet the specified guarantees. The
catalyst shall be designed in accordance with the criteria specified in Part lll. Consideration shall
be taken for 2 % gas flow bypass around the SCR reactor chamber. This leakage accounts for the
slide gate shutoff damper located in the reactor bypass duct. The catalyst shall be capable of
maintaining the performance with normal operating variations in gas temperature (+/- 10deg. C
from the average) and velocity (+/- 10% from the average) across the face of the catalyst surface.

4.3 Catalyst pitch shall be selected by the Vendor to provide an optimized design of geometric
surface area versus volume and differential pressure. The pitch shall be such that the catalyst will
not be prone to fly-ash pluggage. Vendor to consider the maximum ash / dust concentration
specified in Part 1|

4.4 The Vendor shall submit a laboratory procedure for activity testing of the catalyst. Activity
tests using samples from modules installed in the reactor shall be provided. These tests shall
occur at mutually acce ptable intervals during the service life guarantee period of the catalyst. The
frequency of activity tests shall be at a minimum of once per year. The number of activity tests
shall be consistent with achieving an optimum and cost effective catalytic management program.
A final report shall describe laboratory test results and recommendations for future catalyst
replacement. As part of the report, a plot of catalyst activity (K/Ko) versus operating hours shall be
included.

4.5 The SCR system performance guarantees shall be based upon field measurements. Correction
curves for off-design conditions shall be provided by the Vendor. At a minimum, these curves
shall include the impact of flue gas volumetric flow, temperature, inlet NOx and O; upon the NOx
removal efficiency. Also, a curve of SO; to SOs oxidation rate vs temperature and area velocity
shall be provided.

4.6 The catalyst's chemically active constituents which are bonded to metallic substrates (plate
type catalyst) shall not delaminate due to stresses induced by thermal or pressure forces for the
life of the catalyst.

4.7 An option for the disposal of the initial charge of catalyst shall be provided. The Vendorshall
adhere to all local regulations pertaining to handling, and disposing of the catalyst material. It
should be noted that the catalyst will be exposed to coal fly-ash which contains heavy metals.
Consequently, consideration for a hazardous waste disposal shall be assumed by the Vendor. This
shall be indicated as an optional price.

4.8 The catalyst element baskets shall be shop assembled into modules for ease of installation
and removal from the reactor. The module framework shall be constructed of carbon steel
material. Grating protection shall be furnished on the upstream face of each module for ease of
internal maintenance and inspection. Screening shall also be provided on the upstream face of
each catalyst module to prevent large ash particles from becoming lodged within the catalyst
plate material. Similar construction shall be provided if a honeycomb catalyst module is supplied.

4.9 Lifting lugs shall be provided on the catalyst modules for ease of installation into the reactor
chamber. All special tools required for the proper installation of the modules shall be provided.
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This shall include a hydraulic trolley for individual module positioning within the SCR reactor
chamber. A spreader beam specially designed for lifting the modules from grade to each
appropriate catalyst elevation shall be furnished. Any additional special tools required for the
unloading of catalyst modules from either truck or rail delivery of the modules to the site shall be
supplied.

4.10 All catalyst modules shall be packed in appropriate containers to prevent|damage and/or
exposure to moisture during shipment. The Vendor shall supply long and short térm storage and
handling procedures and recommendations for onsite storage of the modules. '

4.11 The Vendor shall provide dimensional drawings of the catalyst modules, hydraulic trolley
and spreader beam used for installation. The drawings shall show adequate (}jimensions and
clearances required for proper installation and maintenance. The drawings shall show the
weights of all major components. All Vendor drawings shall be submitted to ttLe Purchaser for
approval.

4.12 The Vendor shall provide the Purchaser with reasonable advance notice ofiall factory tests
associated with the catalyst material and module fabrication. The Purchaser shall be entitled to
witness all factory tests. The Purchaser shall also be allowed to specify a third party
representative to witness these tests. i

4.13 The Vendor shall provide Material Safety Data sheets for the catalyst material, as well as any
information pertaining to applicable safety regulations for compliance with OSHA requirements
(29 CFR 1710.111)and safety regulation standards applicable in India. In addition, all information
required to support the Purchaser's safety regulations and site permitting shall be provided.

4.14 The Vendor shall supply operating and instruction manuals describing the procedures
(including recommended hot, warm and cold start, shutdown for short and long ttrm periods), as
well as maintenance and other special instructions required for the proper care and safe and
reliable operation of the catalyst. These instructions shall be specific to the Purchaser's ductwork
arrangement, equipment and overall system design.

4.15 The catalyst Vendor shall specify the continuous recommended minimum allowable gas
temperatures to the SCR for the full range of fuels/operating condition specified. The final
method of flue gas temperature control shall be determined and supplied by the boiler supplier.

4.16 The following information shall be provided for the catalyst and module supplied by the
Vendor:

a. Catalyst pitch, specific surface area (m?/m3), chemical composition, and selecteb volume (m?3)
b. Space velocity, area velocity, actual face velocity, linear velocity, SO; to SOs oxidation rate,
draft loss across the initial installed catalyst, NOx removal efficiency and ammoniasslip for a fresh
catalyst as well as the NOx removal efficiency and ammonia slip for a catalyst after 8000 and 16000
hours of operation for all conditions specified in Part 11

c. Catalyst module width, module depth, module height, module weight, qatalyst density,
number of modules per layer, total number of modules per reactor. Arrangementland dimensions
of modules shall accommodate the reactor dimensions.

d. For the full range of fuels specified in Part lll, specify the minimum continuous allowable inlet
operating temperature in order to avoid ammonium bisulphate formation on catalytic surfaces.
Short term inlet temperatures, below those indicated above, and allowable maximum operating
hours at these temperatures shall also be provided. Subsequent recovery temperatures and
duration of operation shall be furnished.
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e. A recommended, optimized schedule of catalyst module additions and replacements for a 10
year period. Provisions in the reactor chamber for a minimum one layer shall be provided for
future.

f. A description of the module sealing method and sealing material.

g. The Vendor shall furnish the allowable conditions for the design of a superheated soot blowing
system. Recommendations for steam temperature, pressure, and frequency of blowing shall be
furnished. The vendor shall also recommend the distance between the top of the catalyst plate
surface and soot blower nozzle. Utility requirements for sonic horns and air canons (if applicable)
has to be furnished by the Vendor.

h. Typical laboratory procedures for activity testing of the catalyst shall be furnished. This shall
include a list of all items tested and a summary of the type of report that can be expected.

i. The vendor shall provide recommended hot, warm, cold start-up and shutdown procedures.
Permissible temperature ramp rates across the catalyst shall be furnished. An SCR reactor bypass
has been furnished in order to provide operating flexibility during these conditions. A process
control description functionally indicating the control logic, permissive, alarms, and control
schemes as it affects catalytic reactive performance shall also be included.

j- The Vendor shall provide recommended jobsite handling and storage procedures for the
catalyst modules.

k. The Vendor shall review the adequacy of the load/support requirements and access
requirements for the SCR system and furnish the same for Purchasers engineering/BOM
calculation at the time of document approval. Any additional access/supports not identified
during document approval stage shall be in Vendors scope.

I. The Vendor shall provide the allowable continuous minimum operating temperatures to the
catalyst for all fuels and inlet load conditions specified by the Purchaser.

5.0 Flue Gas Mixing Device and Flow Model

5.1 The Vendor shall construct a three-dimensional 1/10th scale {Plexiglas or equal) model of the
proposed SCR equipment and boiler back-pass with associated ductwork, reactor transition
pieces, and reactor internals. The model shall verify the size, configuration, and location of all
necessary SCR installed equipment and final ductwork arrangement, guide vanes, and mixing
devices necessary to provide uniform velocity, temperature and ammonia distribution across the
catalyst.

5.2 The distribution of ammonia shall be simulated and the injection grid design verified.

5.3 The boundary limits of the physical flow model shall be from economiser outlet to the air
preheater gas inlet flange. The Purchaser's boiler arrangement drawings shall be supplied to
assist the Vendor in the construction of the model.

5.4 The model shall be arranged such that it simulates the aerodynamic effects on gas flow and
distribution due to physical features such as internal ductwork bracing, guide vanes, mixing
devices, injection grid, flow straightening grid, etc. The objective of the model is to verify the SCR
system design for the following:

a. Gas velocity of +/- 10% from the average at the inlet to the ammonia injection grid and at the
inlet to the first catalyst layer

b. Gas temperature within +/- 10deg Cat the inlet to the first catalyst layer

c. Ammonia distribution within +/- 5% of theoretical requirements at the entrance to the first
catalyst layer. This distribution objective shall confirm the adequacy of the ammonia injection
grid and flue gas mixing design and location.

d. Analysis of ash accumulation throughout the proposed SCR ductwork and reactor chamber.
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e. Evaluation of pressure losses throughout the system including across inlet and outlet
ductwork, catalyst layers, ammonia injection grid dampers, straightening grid, mixing devices and
other significant reactor/ductwork internals. A discussion of the device used to simulate gas draft
loss across the catalyst shall be presented in the final report.

5.5 The Vendor shall submit the following to the Purchaser for review and approval before actual
testing:
a. Drawings and description of the flow model showing all dimensions and details'
b. Detailed description of the flow model test procedure ‘
c. Teststo be performed
d. Data to be recorded
e. Testing results format
f. Limits, tolerances, and uncertainty in testing
g. Criteria for determining that the testing is complete and successful 1
h. Discussion of similitude between the flow model and the actual SCR system: The discussion
shall include a comparison of the Reynolds, Prandtl, Schmidt, Grashof and Froude numbers for
the model and the actual system.
|
5.6 The Purchaser and/or his representative shall have the right to inspect the fldw model and to
witness testing at any time. Adequate notice will be given by the Purchaser. |

5.7 After completion of the successful model testing, the Vendor shall submit to the Purchaser
the following:

a. Test report and results

b. Drawings showing design, dimensions and location of all required flue gas and ammonia
mixing devices

c. Drawings showing design, dimensions and location of all duct turning vanes

d. Any changes that will be made to the ductwork, ammonia injection grid, reactor or other parts
of the SCR system that are a result of the flow model test

5.8 Any changes in the SCR equipment design resulting from the flow model shall be retested to
confirm the adequacy of the revisions. Close coordination of the flow model testing shall be
achieved at all times with the Purchaser. :
The Vendor shall submit to the Purchaser the proposed schedule for the complete model
fabrication, testing and report submittals.

|
5.9 For the duct work in Purchaser’s scope of supply, the arrangement of internals shall be based
on mutual agreement

5.10 Final disposition of the model shall be the Purchaser's option.

5.11 Flue Gas Mixing Devices

5.11.1Flue gas mixing devices shall be provided, as required to ensure the uniformity of gas
velocity, temperature and ammonia dispersion into the flue gas stream. The effectiveness of the
mixer design and location shall be confirmed by physical flow model testing.

5.11.2 The mixing device material shall be compatible with the ductwork casing in! the area.

6.0 De-Dusting System

6.1 Soot blowers are effective in keeping particulate matter entrained in the flue gas stream so as
to avoid the possible formation of deposits on catalytic surfaces. Blowers shall be furnished
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upstream of each catalyst layer within the SCR reactor. Each soot blower shall use superheated
steam supplied at sufficient velocity and dynamic pressure to keep the catalyst modules clean.
The steam source shall be from the steam generator with the tap-off point specified by the
Purchaser. The Vendor shall recommend maximum acceptable steam conditions (steam
temperature and pressure) for the catalyst. The Purchaser shall furnish steam piping up to a
single point connection to interface with Vendor's steam piping supply. Vendor shall take care of
the Inlet Dust Burden for designing the Soot blower.

6.2 Soot blowers shall be of the transverse arm, rake type design having nozzles or orifices spaced
at regular intervals suitable for cleaning the catalyst without erosion. Location of the blowers
shall ensure full cleaning coverage of the face area of the catalyst layer. The Vendor shall ensure
that the nozzies are properly located on the blower arms above the catalyst in order to avoid
structural damage to the catalyst material and provide effective cleaning.

6.3 Structural support and space provisions in the reactor chamber shall be furnished to
accommodate the future installation of soot blowers above the spare catalyst layer.

6.4 Soot blowers shall be located on both sides of the reactor. The central pipe of the blowers
shall be positioned in a zone of low flow intensity below reactor support beams. If internal soot
blower pipes are exposed to the direct impact from flue gas, then flow deflector baffles shall be
installed on the pipes to improve overall flow patterns.

6.5 The soot blower design shall avoid abrupt temperature changes to the catalyst surfaces to
minimize the adverse effects of thermal shock. Maximum temperature differential between the
soot blowing medium and the catalyst surface temperature shall not exceed 50 C.

6.6 The soot blower design shall minimize erosion of the catalyst caused by excessive medium
velocity and water droplets.

6.7 The steam supply system provided by the Purchaser shall be designed assuming all soot
blowers are installed and operational including those for the spare layer.

6.8 The blower equipment shall include all valves, piping, fittings, drains, wall boxes, rail
assemblies, structural supports, hangers, motors, and controls for a complete system.

6.9 The Vendor shall state recommended soot blowing frequency, soot blower operational time,
and mass steam flow per blower. Operation of the soot blower system shall be from top to
bottom.

6.10 Commissioning services shall be provided for the soot blower system.
6.11Vendor shall furnish takeout price for Soot blowing system supply.

6.12 Sonic Horn (if applicable)

a) Sonic horn shall be provided for cleaning all catalyst layers, including the future layer. Number
of sonic horn shall be provided so that it should cover complete catalyst surface area. Sonic horns
may be arranged on the single wall or opposite walls of the SCR reactor based on its cleaning
intensity.

b) Sonic horns shall be provided to generate low frequency and high energy sound waves to
resonate and dislodge ash deposits/fouling which develops on the catalyst modules/cassettes.
The horns shall be driven using service air available at site sequentially at regular frequency. The
horns shall be constructed of stainless steel having diaphragm of titanium alloy. Diaphragm shall
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have a minimum life of five (05) years. Each horn shall be provided with acoustic enclosures to
reduce ambient noise. The arrangement and type of sonic horns shall be as per sdandard practice
of the contractor.

¢) Each Sonic horn shall be provided with separate solenoid operated isolation valve along with
associated piping. Adequate number of moisture traps shall be provided at each catalyst layer for
removal of moisture from service air supply line.

6.13 Air Cannons (if applicable) |

a) Air cannons shall be provided for cleaning all catalyst layers, including the future layer.
Number of air cannons shall be provided so that it should cover complete catalyst surface area.
Air Cannon may be arranged on the single wall or opposite walls of the SCR reactor based on its
cleaning range.

b) Two (02) multiport air cannon system with fan jet nozzles shall be provided for each catalyst
layer including the future layer.

¢) Air Cannon shall be operated in combination with sonic horn. Initially air cannon shall discharge
to break any adhered material loose and then acoustic cleaner shall continue to sound to keep
ash deposits in suspension. Air Cannon discharge nozzle shall preferably be placed directly below
the sonic horn.

6.14 Dry Cleaning System (if applicable) for in-situ cleaning shall include removal of the
particulates and plug(s) on the catalyst using a blasting stream of a pressurized carrier gas having
a particulate blasting medium (dry ice) directed at the SCR catalyst. Complete pressurization
system for the carrier gas along with feeding/mixing of the blasting medium shall be provided
along with necessary injection lances for in-situ cleaning of catalyst at each layer elevation.

7. Ammonia Unloading, Storage, Handling and Preparation System

A complete anhydrous ammonia unloading, storage, handling and dilution system shall be
furnished. The equipment shall include an unloading compressor, ammonia storage tanks,
vaporizers, associated piping, fittings, supports, valves, instrumentation, neutralization tank,
dilution air blower skid and ammonia injection grid.

7.1 An unloading compressor shall be furnished to transfer liquid anhydrous ammonia from the
delivery vessel to the main storage tanks. A compressor, local control panel incorporating all
controls and monitoring, equipment and skid mounted instruments and unloading bulkhead shall
be furnished near the vicinity of the tanks. The capacity of the compressor shail be properly sized
to unload an ammonia shipment within a reasonable time period and at a maximum head of 18
kg/cm? gauge. The motor shall meet the requirements mentioned in Part Iil.

7.1.1 Two (02) oil free reciprocating type ammonia unloading compressors comp|ete with motor
drives and receivers shall be provided with all necessary fittings, monitoring and safety devices
for unloading of ammonia from the truck to ammonia storage tank. The compressors shall be skid
mounted. The compressor design shall have double and triple packing to obviate harmful gas
leaks. Further, any leakage gas shall be returned to the suction line and no nitfogen purge and
leak gas monitoring device with gland seal of the piston rod shall be required. Same compressor
shall be used for liquid ammonia transfer and ammonia vapour recovery. The compressor shall be
designed with the consideration of ammonia vapour recovery which may result in excessive
temperature rise.

7.1.2 Each compressor shall be provided with gas filter and liquid trap with level control on its
suction side. Liquid trap shall be designed for pressurized and vacuum operating dondition. 4-way
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valve ball valve shall be provided for each unloading compressor for switching the direction of
gas conveyance.

7.1.3 One (1) pressure relief valve shall be installed in the discharge line of each compressor and
its connecting pipe shall be routed back to the storage tanks.

7.1.4 The design of compressor shall ensure the compliance with the following operational
requirements:

i. Facilities for emergency shutdown of compressor at low suction pressure, high discharge
pressure and high differential pressure across suction & discharge of the compressor.

ii. Facilities for emergency shutdown of compressor at high discharge temperature. Parallel
operation and auto changeover of compressors shall not be envisaged. After completion of
unloading of ammonia from the tank truck, the compressor must be switched off by means of a
flow monitor and the unloading process completed.

7.1.5 Material of construction of compressorshall be suitable for handling anhydrous ammonia.

7.1.6 A clear space shall be provided around the compressor for inspection purpose.

7.1.7 Local control panels with all necessary controls, Protection & interlocking system for
operating the compressors shall be provided. These controls shall be achieved through
microprocessor based redundant controllers with Graphic User Interface (GUI) with LCD screen
based display unit, control switches and other operational keys panels and hooked up to
purchaser’s DCS

7.2 Ammonia Storage Tank

7.2.1 The anhydrous ammonia storage tank shall be non-refrigerated, cylindrical, all-welded steel
construction, complete with level, pressure, and temperature instrumentation, safety valves and
vent/fill connections. The tank will be located outdoors at a location to be determined later.

7.2.2 The liquid capacity of the ammonia storage tank shall be as specified in Part Il based upon
an anhydrous ammonia flow. A margin of 20% shall be considered on the stoichiometric ammonia
flow.

A vapour space of approximately 15 % of the total tank capacity shall be provided at the top of the
tank. An optimized, cost effective arrangement of the storage facility shall be achieved. If more
than one tank is provided per SCR unit, they shall be interconnected so either tank can be utilized
to furnish the required ammonia flow to the system. The ammonia storage facility shall have the
flexibility of being an emergency backup for number of units specified in enquiry.

7.2.3 The ammonia storage tanks shall be designed as per ASME Boiler and Pressure Vessel Code
Sec VIII. The tank shall be fully welded construction. All welds shall be 100 % radiographed and
stressed relieved. All connections to the tank shall be welded. No threaded connections are
acceptable. Tank plate material shall be ASTM A516-Gr 70 or better.

7.2.4 The storage tank shall have the flexibility of accepting ammonia delivery by truck. Each
ammonia tank filling connection shall be provided with a combination of back pressure check and
excess flow valve to prevent massive ammonia leakage in the event of a catastrophic line break.

7.2.5 The storage tank and handling facilities shall be designed to the following codes and
standards:
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a. 1S 4544 |atest edition

b. CGA G_2.1—2014 6th Edition (formerly ANSI K61.1), OSHA etc.

c. ASME Section VIII - Pressure Vessels

d SMPV, Static Mobile Pressure Vessel

In addition, the Vendor shall be responsible for meeting all the latest local codes and standards
for the safe storage of anhydrous ammonia.

7.2.6 Each tank shall be equipped with the following equipment as a minimum:

a. One manhole shall be provided

b. Pressure measurements (gauge/transmitter) connections with isolation valves

c. Two (2) safety relief valves sized so that either valve can protect the tank

Note: The safety relief valve design shall permit maintenance and removal without draining the
tank. !

d. Level Indicator/transmitter i

e. An ammonia sensor and alarm located near the vicinity of the tanks.

Note: The permissible liquid anhydrous ammonia level shall not exceed 85% of the tank’s total
capacity. The level measurement shall be capable of actuating an alarm sighal in the main
control room when the storage level reaches a low or high level. The low level alarm shall allow
the plant a reasonable amount of time to order an additional shipment of anhydrous ammonia
while operating the plant at full load capacity.

7.2.7 All materials furnished for the ammonia storage and handling facility shal] be compatible
with anhydrous ammonia. Use of copper, brass, zinc, galvanized steel and copper containing
alloys are not acceptable. Cast iron fittings shall not be used.

7.2.8 All piping, tubing and fittings shall be at least ASTM A-53, Grade B seamless or electric
resistance welded (ERW) pipe. All piping joints shall be fully welded. No threaqed connections
anywhere in the ammonia equipment shall be acceptable. Hydrostatic relief lvalves shall be
included where there is a possibility of liquid ammonia being trapped between two valves.

7.2.9 All necessary platforms, grating, handrails, ladders, etc. shall be provided to access all
instrumentation, hose connections, safety relief valves, safety equipment and maintenance
items. |

7.2.10 Tank supports shall be designed to minimize settlement or lateral movemént. In addition,
the supports should be capable of withstanding exposure to fire, wind, earthquake, floods, etc.

7.2.11 A water spray system shall be provided for cooling the tank and hence, controlling the
vapour pressure inside the storage tank. The actuation of the spray system shall be connected to
the local control system to initiate spray when the vapour pressure rises above permissible ievel.
Local control panel with required control logics and interiocks shall be supplied by vendor.

7.2.12 A covering or canopy shall be furnished to protect the tank from direct exposure to
sunlight.

7.2.13 The ammonia storage tanks shall be protected by guard posts or other appropriate traffic
barriers.

7.2.14 The Vendor shall supply an eyewash and safety shower station in close proximity to the
storage tanks. Additional safety equipment such as a face masks and canisters, gloves, boots, etc.
shall be provided. The safety equipment shall satisfy international and local code requirements.
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7.2.15 All primers and finish paints furnished by the Vendor shall be compatible for outdoor
ammonia applications.

7.3 Ammonia Vaporizers

7.3.1 The ammonia delivery system shall be designed for vapour withdrawal from the storage
tank. Two (2) x 100% capacity, ammonia vaporizers (electric/ steam) capable of furnishing the
maximum design anhydrous ammonia flow rate shali be supplied.

7.3.2 The steam vaporizer assembly shall be installed in a natural circulation loop, taking liquid
ammonia from the bottom of the storage tank and returning the vaporized ammonia to the top of
the tank. All piping welds in this loop shall be stressed relieved. All piping connections shall be
fully welded. Threaded connections are not acceptable.

7.3.3 Vaporizer operation shall be controlied by an adjustable pressure switch or transmitter on
the storage tank. The vaporizers shall operate whenever the vapour pressure in the storage tank
drops below the set-point.

The Vendor is to recommend the set point pressure range for the pressure switch.

7.3.4 A thermostat controller shall be located within each vaporizer to prevent overheating. The
vaporizers shall be designed so they cannot be activated unless liquid ammonia surrounds the
heating elements.

7.3.5 The vaporizers shall be capable of being independently isolated for maintenance without
draining the ammonia storage tank.

7.3.6 Electric heating elements (if applicable) shall not be in direct contact with the ammonia. The
vaporizers shall be designed for an electric source as specified in Part lll.

7.4 Dilution Blower Skid

7.4.1 A separate dilution air skid located near the ammonia injection grid shall be provided. The
skid shall inciude the following equipment:

a. Ammonia flow control and stop valves

b. Two 2 x100% dilution air blowers

c. Local skid piping and instrumentation

d. Inline ammonia - air mixer

7.4.2 The skid shall be furnished complete with piping, valves and fittings. Design shall be in
accordance with the ASME Boiler Code and the Power Piping Code ANSI B31.1. ANSI Standards
B1.1, B2.1, and B18.2 shali govern all material and workmanship. All piping connections shall be
fully welded.

7.4.3 All materials furnished shall be compatible with anhydrous ammonia. All instrumentation
required for the safe operation and maintenance of the skid shall be provided.
7.4.4 Two (2)x100% dilution air blowers shall be furnished. The blowers shall be installed on the
same skid. The following specified conditions, shall be provided by the vendor for each blower.
a. Minimum air volume per blower
b. Minimum discharge pressure per blower
c. Maximum ambient air temperature
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Operation of the blower shall be continuous even after the ammonia to the system has been
terminated. The system shall also accept operation of two blowers at the same time.
Capability of starting the idle blower within ten (10) seconds shall be provided.

7.4.5 Each blower shall be furnished with the following accessories:

a. Flanged inlet and outlet connection with vibration isolators

b. Inlet air filter

c. Silencer to meet 85 d.BA at one (1) meter !
d. Motor as specified asin Part |l

e. Direct drive

f. Local cabinet for manual start/stop capability

g. Remote automatic start/stop capability

h. Discharge line check valve to ensure no air backup through the idle blower

7.4.6 Checks on operation of all fans and all rotating equipment to ascertain level of noise and
vibration.

7.4.7 Characteristic curves of the performance of both single and dual blower operation shall be
provided. The Vendor shall ensure that the ammonia requirements of the SCR system do not
necessitate having the concentration of ammonia in air above 5% by volume over the entire
operating range of the unit. The Vendor shall also include the predicted sound pressure levels at
one meter from the source during blower operation. !

7.4.8 Vendor may recommend any other alternate dilution air source for purchasers review and
acceptance. 3

7.4.9 A mixing device (if applicable), located on the skid, shall be furnished in the dilution air
piping to ensure a homogeneous ammonia-air mixture to the ammonia injection inlet manifold.

7.4.10 The Vendor shall be responsible for testing all piping, hose and tubing at a pressure not
less than the normal operating pressure to ensure a completely leak free system. "

7.5 An ammonia sensor and alarm (local and remote) shall be located in close proximity to the
dilution air skid area. |

7.6 The Vendor shall supply an eyewash and safety shower station in close hroximity to the
dilution air skid. Additional safety equipment such as face masks and canisters, gloves, boots, etc.
shall also be provided in this area.

The equipment shall satisfy international and local safety codes.

7.7 Ammonia Connecting Piping !

7.7.1 The Vendor shall supply all required interconnecting piping between the ammonia storage
tank/vaporizer skid and the dilution air skid, and from the dilution air skid to the ammonia
distribution inlet manifold. All piping shall be selected for the safe installation of an above
ground system compatible with anhydrous ammonia. Final location of the ammohia tank and the
dilution air skid shall be specified by the Purchaser. The Purchaser shall review land approve all
field run ammonia piping supplied by the Vendor.

7.7.2 All piping and fittings shall be at least ASTM A-53, Grade B seamless or electric resistance
welded (ERW) pipe. All pipe joints shall be fully welded. Piping larger than NB 50mm shall be a
minimum of schedule 40. All pipe sizes equal to or less than NB 50mm shall be a minimum of
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schedule 80. Hydrostatic relief valves shall be included where there is a possibility of liquefied
ammonia being trapped between two valves.

7.7.3 Piping stress analysis, support details and locations shall be furnished by the Vendor.
7.7.4 All piping supplied by the Vendor shall be properly supported above ground.
7.8 Waste Ammonia Dilution Tank

7.8.1 The Vendor shali provide an ammonia dilution tank to thoroughly neutralize any ammonia
gas and/or liquid discharge from the ammonia plant (various equipments). The dilution tank shall
be sized to accommodate neutralizing the quantity of liquid ammonia resulting from the
complete drainage of the ammonia storage tanks. An optimized arrangement using one (1) large
tank to accommodate the number of SCR units specified in the enquiry.

7.8.2 The Vendor shall supply all required interconnecting piping from the ammonia equipment,
relief valves, etc. to the dilution tank.

7.8.3 The dilution tank shall operate at atmospheric pressure via an atmosphericvent. Ammonia
gas shall be prevented from escaping through the atmospheric vent. The vent line shall be
extended beyond the canopy of the dilution tank along with rain cap.

7.8.4 Dilution tank shall be provided with a service water make-up line and a drain line along with

control valve in each line. A motorized isolation valve shall be provided on the upstream of
control valve and a manual isolation valve shall be provided on the downstream of control valve.

8. Ammonia Injection System

8.1 In general, the ammonia injection system shall consist of multipie flow control zones across
the SCRinlet duct. Each zone shall be independently controiied by modulating flow control valves
located on the piping exiting the ammonia distribution manifold. Individual injection pipes shall
be configured with nozzles spaced uniformly across the inlet gas duct plane to enable thorough
mixing of the ammonia/air mixture. Number of nozzles shall be suitably decided by the vendor
and the supporting documents shall be furnished. Injection of ammonia shall be in the direction
of the gas flow. Counter-current injection is not acceptable. All ammonia injection grid pipe
openings shall be protected to avoid ash laden flue gas from plugging nozzles. The system shall
be designed with external connections to allow a compressed air source to purge nozzles in any
individual line.

8.2 The location of the ammonia injection grid in the ductwork shall ensure the uniform
distribution of ammonia in the flue gas stream prior to entering the first catalyst layer. The
ammonia injection grid shall maintain the ammonia to NOx molar ratio at the entrance to the first
catalyst layer to within +/-5% of theoretical requirements. The Vendor shall provide a test
procedure for fine-tuning the grid and validating this criteria.

8.3 Ammonia injection grid piping NB 50 mm and larger shall be minimum ASTM A53, schedule 40
carbon steel pipe. Each branch shall have a manual flow regulating or throttling valve, flow
orifice, and test connection with vaive fora manometer. The ammonia inlet supply manifold shall
be provided with temperature and pressure gauges.
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8.4 All ammonia injection piping extending into the ductwork shall have carbon steel angle
sections welded on the leading edge to minimize flue gas flow separation acrdss the injection
grid.

8.5 The ammonia injection grid shall be properly supported to prevent thermal distortion and
damage due to vibration induced by the gas flow. The grid shall be designed for maximum
thermal expansion, assuming no cooling is available from ammonia or dilution air. Flex hoses
shall be furnished as required to connect the internal grid piping to external p|p|r1g from the inlet
manifold.

8.6 Detailed drawings of the Vendor's ammonia injection grid design shall be fUrmshed to the
Purchaser for review and approval.

8.7 The ammonia injection grid design shall be tested in a 1/10th physical flow m$de| asin Clause
No 5.0. Layout and number of ammonia injection nozzles, flue gas mixer design, and the location
of the grid and gas mixer upstream of the catalytic layers shall be confirmed by flow model
testing. Ammonia concentration uniformity shall meet the requirements specified in 8.2.

8.8 Alternatively, any other proven and successfully operating technology for arﬂmonia injection
into SCR system can be offered by vendor with sufficient technical back up documents subject to

Purchaser’s approval.

9.0 INSTRUMENTATION AND CONTROLS |

9.1 Controls !

9.1.1  All the control logics and interlocks required for the SCR system shall be furnished by the
vendor for implementation in purchaser’'s DCS. The control system logics and;interlocks shall
ensure safe and efficient operation of the system. ;
|

9.1.2 The controis shall be based upon monitoring of NOx at the inlet and outlet of the SCR
reactor integrated with boiler load and the ammonia to NOx molar ratio setting.

9.1.3 The control shall also include logics for all auxiliary equipment/systems}associated with
the SCR system, i.e., ammonia unloading, storage, handling and preparation sys'dem, dilution air
supply system, ammonia injection system, de-dusting system and any other associated
systems/equipment etc.

9.1.4 For the de-dusting system offered by vendor, all relevant control logics, interlocks and
sequence of operation shall be provided by the vendor for implementation in purchaser’s DCS.

|
9.1.5 All automatic controls, interlock/protection and monitoring shall have high integrity. No
single failure / fault shall cause failure of the controls or cause the protection system to operate
spuriously or become inoperative. All critical logics in the control system shall be structured with
triple redundancy so that no single failure within the control system can cause the failure of SCR
system / plant. ‘

9.1.6 The control panels associated with the system shall be located in purchaser’s control
equipment room. However, vendor shall provide local control panels wherever necessary, based
on process control requirements. Irrespective of location, these panels shall communicate with
the purchaser’s DCS, as applicable.
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9.1.7 The Vendor shall provide a complete description of the SCR system’s control and
operation including cold, warm and hot start-up and shutdown procedures and normal operation.
A Complete description of the process and the control logic write-up shall be supplied.

9.1.8 As a minimum, the following signals shall be inciluded in the vendor's control logic and
shall be used for alarm/indication/SOE in the Purchaser's DCS. The list of signals listed is
indicative only and vendor to include additional signals as applicable. The complete list of signal
shall be finalised during the detailed engineering stage.
a. SCRgastemperature "Low"
b. SCRgastemperature "High"
c. SCR differential draft loss "High" - monitored across SCR system and across each catalyst
layer
Dilution air flow "Low"
“Loss of power”
Ammonia shutoff valve "Closed/Open"
Ammonia storage level "Low" and "High"
Ammonia storage pressure "High" and "Low"
Indication of SCRinlet and outlet NOx-02 values
Indication of SCR system gas draft loss
Ammonia flow
Indication of SCR gas temperature (three locations)- upstream of ammonia injection grid,
upstream of the first catalyst ilayer and on the last layer of catalyst
. Dilution air blower on/off - specified for each blower
Ammonia liquid storage level in the tank
Ammonia storage pressure
Ammoniaslip
Note: Alarm set points shall be specified by the Vendor. All Instruments required for the
generation of the above signals shall be supplied by the vendor.

—AT T Mm@ o o
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9.1.9 Requirement of any other controls/system not specified herein, but shall be a
requirement for the intended process shall be judiciously decided by the vendor and supplied
along with the system.

9.2 Instrumentation

9.2.1 Vendor shall provide complete instrumentation for the SCR system and other associated
systems specified under section 4.

9.2.2 The minimum requirement/quantity of instruments/equipments shall be as indicated in
the P&ID. However, Vendor shall include the additional instruments/equipments if required, to
meet the process requirement. Vendor shall consider redundancy for instruments as specified in
the detailed specification.

9.2.3 NOx analyser shall be provided to continuously measure NOx emissions in the ductwork
upstream of the ammonia injection grid and in the outlet duct directly below the SCR reactor
chamber. An air conditioned cabinet shall house the two rack-mounted inlet and outlet analysers.
All analog inputs/outputs shall be 4- 20mA (2 wire) signals. All digital input/output signals shall
be dry contacts.

9.2.4 Inaddition to the NOx analysers, other analysers such as 02 and SO2SCR reactor inlets and
NOX, 02, SO2, NH3Analysers at SCR reactor outlets shall be provided by the vendor. Other
instruments such as differential pressure transmitter to measure draft loss across all/individual
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catalyst layers, gas temperature measurementsat upstream of the ammonia injection grid and
before the first catalyst layer, catalyst surface thermocouples on the last activé catalyst layer,
local pressure and temperature indicatorsshall also be provided. |

9.2.5 In addition to the NH3 analyser at SCR reactor, acceptable wet chemistry methods shall be
used for ammonia level measurements at the outlet of the reactor chamber are required.

|
9.2.6 For other auxiliary systems such as the Ammonia unloading, handling, storage and
preparation system, Ammonia injection system, dilution air supply system iand De-dusting
system, complete instrumentation shall be provided by the vendor.

9.2.7 The material of construction of all instruments/equipment and the sensing elementin all
the instruments shall be decided by the vendor to suit the process medium. However, the same
shall meet the minimum requirement of the detailed specifications (Refer annexures) as
applicable.

9.2.8 All local instruments shall be suitably grouped and mounted on (LIR) local instrument
racks located at appropriate places. All process transmitters shall be housed in (LIE) local
instrument enclosures. All the field equipment, drives & instrument enclosures shall be suitable
for the Hazardous area of classification. ‘

9.2.9 Individual pair shielded and overall shielded instrumentation cables shall be used for
interconnection of analog signals. Overall shielded cables shall be used for interconnection of
digital signals. Instrumentation cables used for feedback signalsfrom field and control cables
used for command signals tofield instrument/equipment shall be separated and shall be
terminated in different junction boxes.

9.2.10 All the equipment in vendor's scope shall be suitable to operate in the power
supply/voltage ratings indicated in Annexure-Q (electrical power supply details).

10.0 PAINTING AND FINISHING

10.1 Painting

The Vendor shall perform surface preparation, primary and finish painting in accordance
with the manufacturer's standards for all exposed surfaces. Painting schedule shall be furnished
for purchasers review and approval.

10.2 Marking
a) Stainless steel nameplates with following boldly engraved shall be firmly fixed to the
body: Maker’'s name & production serial numberand technical/process parameters.
b) Each spare shall be individually tagged with part name, makers name & spare code.

10.3 Packing
a) All opening shall be firmly capped against ingress of water or dust.
b) Shall be roadworthy/seaworthy packed in wooden boxes with water proof under cover.
c) Liberal packing material & struts shall be used to arrest rolling & to protect from transit
damages. ‘
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11.0SPARES AND SPECIALTOOLS

11.1 Mandatory spares as per the list enclosed separately shall be offered.

11.2 Vendor shall recommend one (1) year spare parts necessary for maintaining the SCR
equipment.

11.3 The item wise price for the spares (recommended and mandatory) offered shall be
mentioned.

11.4 Vendor shall supply the required commissioning spares at the time of commissioning at site.
11.5 Special tools or materials shall be furnished, as required, for the proper handling, storage,

erection, start-up and maintenance of the Vendor's equipment.

12.0 INSPECTION AND TESTING

12.1 Access to the Vendor's or sub-contractor’'s manufacturing facilities shall be provided for the
purpose of inspecting the work and witnessing testing of the SCR equipment. At least two (2)
weeks advance notice shall be given by the Vendor to the Purchaser or his representative.

12.2 Acceptance of the Vendor's equipment shall be based upon the successful completion of
performance tests carried out by the Purchaser. The Vendor shall submit correction curves for gas
temperature, oxygen content, flue gas volumetric flow and inlet NOx for determining
performance for off- design field operating conditions. The Vendor shall provide a field
representative to assist in tuning of the ammonia grid and advise the Purchaser during all
performance testing.

12.3 The Vendor shall submit a performance test procedure as well as plans for tuning all
furnished equipment for the Purchaser's review and approval.

12.4 Ali performance tests confirming SCR guarantee requirements shall be in accordance with
acceptable EPRI testing methods or equivalent.

13.0 TRAINING

13.1 The Vendor shall provide a one (1) week training program for the Purchaser’s personnel to
operate and maintain the equipment supplied by the Vendor.

13.2 The training program shall include a description of the equipment, the proper operation of
the system, the limits of the design, and the recommended maintenance (including module
storage and disposal) and inspection procedures. Training manuals shall be submitted to all
participants. Both classroom and field instruction shall be provided by the Vendor.

13.3 The Vendor shall submit a copy of the proposed training manual three (3) months prior to
training for the Purchaser's review and approval.
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14.0 DOCUMENT SUBMITTAL REQUIREMENTS

14.1 The following documents, drawings and information shall be furnished by the Vendor along
with the offer: ‘

Point-wise confirmation to the technical specification. Any deviation shall be clearly brought-out
separately along with proper technical justification for Purchasers review.

14.1.1 General arrangement of SCR reactor & systems including but not limited to the following:

s)

t)
u)

SCR housing and ductwork dimensions including terminal points

Catalyst module dimensions and arrangement within the reactor chamber

SCR housing and ductwork loadings 1

SCR catalyst and reactor chamber and loading plan —elevation wise i

SCR catalyst handling load and location sketch

SCR catalyst loading intensity for floor design

Canopy requirements (if any) of reactor chamber and sketch

Sample and Recommended structural arrangement and cautions to be taken in steel
design

No bracing and no beam zone marked in arrangement drawing (if applicable)

Cable, rack and any other loading requirements to be taken care by the steel design
Horizontal guide loads and location {Support and seismic/wind guide requirements)
Expansions required to interface with the Purchaser's ductwork and suppart steel
Structural steel support and access platform requirements. The Vendor must maintain
support points, box dimensions, etc. to those shown on the SCR arrangemem drawing.
Proposed monorail and hoist arrangement, handling procedure

Internal and external support steel requirements and loadings for the installation and
removal of catalyst modules

Access door locations and dimensions in the SCR reactor housing and associated ductwork
Ammonia injection grid location, supports and access requwements The support
documents for number of nozzles and its arrangement

Flue gas mixing devices including location, dimensions, support detalls and access
requirements (if applicable)

De-dusting equipment locations and internal/external support requiren{ents and access
requirements

Dilution air skid size and location

Piping layout and proposed support from dilution skid to ammonia injection distribution
manifold

14.1.2 Other documents

a)
b)
c)
d)

e)

h)

Ammonia consumption calculation and storage tank sizing calculation

All essential Civil inputs forammonia dyke area shall be furnished i

Confirmation of the Purchaser's information shown on plant arrangement drawings

All P & | diagrams along with write up and applicable valve schedule for ali related
systems

Control logic diagrams including a list of all analog and digital mputs and outputs
associated with the SCR control system

Proposed permanent sealing method with a detailed description of the sealer material
and material safety data sheet for sealer

Proposed catalyst disposal requirements and procedures

Proposed module activity tests and recommended ten (10} year replacement schedule
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p)
a)
r)
s)
t)

u)
v)

Summary of predicted performance at all operating load conditions specified in Part 111
Utility consumption list (i.e., auxiliary steam, service air, instrument air, service water,
etc.).

Summary of operating and installed power for all supplied equipment

Auxiliary Power Consumption

Recommended list of one (1) year spare parts

Instrument List clearly indicating the Scope of Instruments.

Drive List indicating type of drive (pneumatic, electric, LT motor, valve/damper etc.),
Voltage, Type of power supply, rating, FLC, Speed

List of Analog and Digital 1/Os

Electrical Load list indicating Voltage, Type of power supply, rating, location of load

List of Local control panels indicating the system which is controlled from the local panel
List specifying the systems which are controlled from purchaser's DDCMIS.

List of all bought-out items with vendor details. The vendors are subject to Purchaser’s
review and approval.

Filled in data sheets (Refer Part —I11).

Terminal Point drawing/document with well-defined boundaries for scope.

14.2 The following documents, drawings and information shall be furnished by the Vendor on
award of the contract:

Detail drawings of the hydraulic trolley and spreader beam for the catalyst installation.

Test port and instrument locations including number of proposed sampling probes and
locations for permanent instrumentation

Structural steel drawings of reactor housing and internals including catalyst support steel
and installation rails, monorail support steel, soot blower support steel, casing details,
internal baffles, sealing plates, etc.

Ductwork drawings showing internal supports, sealing plates, vaning, baffles, access door
locations, test port locations, instrumentation locations, etc.

Soot blower arrangement drawings including details of internal lances and supports,
proposed supply piping layout to a common terminal point, piping support requirements,

etc.

Detail drawing of ammonia storage tank including associated piping, instrumentation,
support, etc.

Detail drawing of ammonia vaporizers.
Ammonia piping layout drawings including support details from the storage tanks to the
vaporizer skid and from the vaporizer skid to the dilution air skid. Drawings shall also

provide details of the ammonia accumulator.

Detail drawings of the neutralization tank including location, all instrumentation and
interconnecting piping.

Module handling, storage, installation and removal procedures.
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Operating instruction manuals (minimum 3manuals along with soft copy). The manuals
shall contain complete operating and maintenance instructions for the care and operation
of the Vendor's equipment.

List of all bought out items along with technical specification, datasheets and support
documents.

. Details of the Vendor's training program per the requirements listed in Clause 13.

Submittal of physical flow model test report.

Completely Filled in Data sheets

The Vendor's control philosophy shall be incorporated into the Pur¢haser's overall
distributed control system. As a minimum the following information shall be provided by
the Vendor in order to assist the Purchaser in the detailed design of the control system:

P&IDs with write up

SCR digital logic diagrams & Write-up for SCR and all associated systems

SCR analog logic diagrams & Write-up for SCR and all associated systems

SCR graphic display diagrams

Interconnection drawings, Location of JBs, Local panels, cable lists

Instrument List, Drive List, /0 List, Electrical Load list as per the purchaser’s format
Signal exchange list between SCR control system and plant control systemi

Alarm and SOE list

Valve/dampers list

Equipment/instrument grouping, LIE/LIR grouping list

Instrument installation drawings/ Hook up drawings ‘
Instrument air requirement

Vendor datasheets and O&M manuals

Quality Plan, Inspection and Test Plan, Type test certificates

Any other drawings/documents found applicable during contract stage
Vendor to clearly furnish the special requirements to be taken care b‘y purchaser for

equipment/instruments in Purchaser’s scope. ‘
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Part-lll
Contract specific Requirements

Project Name: DN104

PROJECT DN104 TDN:SCR:001/ Part I Page 1 of 108
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1 Performance and Guarantee

2 SCR Selection sheet
3 Fuel Analysis
4 Site Condition
5 Electrical C&! Specifications
51 Terminal Points for Electrical C&I Equipment- Annexure P
5.2 Electrical Power supply Details — Annexure Q
5.3 Specification for Electric Actuators — Annexure R
5.4 | Specification for Motors — Annexure S
5.5 Specification for Field Instruments and Analysers — Annexure U |
5.6 | Specification for Cables, Cable Trays and Cable Glands — Annexure V “
5.7 Specification for Local Panels/Cabinets, LIE/LIR, JB, Erection materials — Annexure’ W
5.8 C&l input for Selection of Mechanical Equipment
6 Data Sheets
7 Process and Instrumentation Diagrams ;
7.1 Scheme of De-NOx system — Key Diagram (1-SR-DNX-00006)
7.2 Scheme of De-NOx system — Ammonia Unloading and Storage system (1-SR-DNX-00002)
7.3 | Scheme of De-NOx system — Ammonia Vaporizer and Accumulator (1-SR-DNX-00003)

7.4 Scheme of De-NOx system — Boiler Island (1-SR-DNX-00004)
7.5 Scheme of De-NOx system — Waste ammonia handling, Safety system (1-SR-DNX-00005)
8 SCR Arrangement drawing (0-SK-SCR-00004)

PROJECT DN104 TDN:SCR:001 / Part llI Page 2 of 108



PERFORMANCE AND GUARANTEE

The Supplier shall Guarantee that the equipment/materials furnished hereunder will be
entirely suitable for the service specified, conform to all conditions of performance and
design, be free from manufacturing and material defects.

The Supplier shall guarantee the following based on all operation conditions for any coal
specified, during the guarantee of catalyst life, unless otherwise specified:

A) Overall NOx removal efficiency (%)

B) NOx content of the flue gas as measured downstream of the SCR sys-
tem (ppm vol dry. as 02 6%)

C) Ammonia slip as measured downstream of the SCR reactor (ppm vol
dry as 02 6%)

D) Conversion rate of SO2 to SO3 (%)

E) Catalyst life (after Commercial Operation Declaration) to meet the NOx
removal efficiency and ammonia slip (From the point of boiler flue gas
passing through SCR De-NOx system initially)

- with the initial charge of catalyst (Operating Hours)

F) SCR De-NOx system gas side draft loss (mmH20)
- With all catalyst including future layer at BMCR (max. pressure drop)
- With the initial fresh/dirty catalyst at TMCR

G) Ammonia consumption at TMCR (kg/h unit)

H) Molar ratio of NH3 to NOx

I) Auxiliary Power consumption at TMCR-Design coal

PROJECT DN104 TDN:SCR:001 / Part 11l Page 3 of 108
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SCR Selection Sheet Rev 00

Load
o _ BMCR- TMCR- Design | HP Out- 60TM- BMCR- | o
Sino Description Units Coal (Guarantee Design Design Worst
Design Coal Condition) Coal Coal Coal Worst Coal

1 Flue gas flow at Economiser Outlet kg/hr 3155188 2900772 3064522 | 1843000 3191530 | 2927988
2 Flue gas temperature entering SCR deg C 363 355 288 317 361 353
3 Total Volumetric Gas Flow at Actual Temperature m3/hr 5799978 5255022 4966810 | 3113176 5856018 | 5266165
4 Total Volumetric Gas Flow at 0 deg C Nm3/hr | 2488048 2284428 2415712 | 1440503 2521598 | 2296587
5 Pressure at SCR Inlet mmWC | -87 -75 -80 =72 -89 -77
6 Flue gas constituents, Wet Basis - % By Weight

i CO; % 20.573 20.573 20.573 20.573 20.426 | 20.426

ii N2 % 68.426 68.426 68.426 68.426 68.204 68.204

iii 02 % 3.438 3.438 3.438 3.438 3.427 3.427

iv SO; % 0.116 0.116 0.116 0.116 0.132 0.132

v H:0 % 7.448 7.448 7.448 7.448 7.810 7.810
7 SO3 in Flue gas at SCR Inlet at 6% 02 dry volume basis ppm 6.60 6.60 6.60 6.65 7.49 7.54
8 Inlet Particle Dust Concentration gm/Nm3 [ 22.8 22.8 22.7 223 36.6 36.9
9 Permissible~502 to SO3 conversion in SCR at 6% 02 dry % Less than 1%

volume basis
NOx concentration to SCR Inlet at 6% 02 dry volume
10 basis mg/Nm3 300 to 325
11 NOx required at SCR Outlet at 6% 02 dry volume basis mg/Nm3 Less than 100
12 | Maximum Permissible slip o o ppm | 3

Note:

1) A variation of +/- 5% may be considered on the flue gas volume for design
2) Maximum pressure drop allowed : 100mmWC (From Eco Outlet to SCR Outlet including duct losses)
3) Required Catalyst life: Minimum 16000 hrs after Commercial Operation Declaration (both mechanical and Chemical Life)

4) Reagent Used : Anhydrous Ammonia (99.5%)
5) Min distance between Catalyst modules = 1300mm

6) Liquid capacity of ammonia storage tank should be for 14 days

7) Ammonia tank to be located 1.2 km from boiler area
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Fuel Analysis

Chigride

DESCRIPTION { Source / Type UNIT BESIGN COAL WORST COAL BEST COAL DOMESTIC
{10% 18P + J0% {50% 4P + 50% {100% LOAL
DOMESTIC DOMESTIC MPORTED {FOR Range of Coal
COAL) COAL) COAL) smirorMaTion) || L Lvenprytad
PROXIMATE ANALYSIS I T T | e
Fixed carbon b 33 0.2 041 ' 30-50
Volafle maties % n2 2073 645 16 245
Maisture % 1835 16.25 B4 18  Upto 23 Max
Ash % 1833 58 862 s 682
HHY kalikg | 47mud e | s 2800 5800 - 6500
ity e e 28
ULTIMATE ANALYSIS
o . - i i i -
Hydrogen % 8 | 4 25 B
Suiphar %] 082 052 053 0% Upto 1 Maxt
Nelrzgen %l 11 Ty 148 ) o
Chygen {difference} % 244 Y 10.37 7.2
Woistore I 83 185 1
- o e b
Carbonates %] o 019 o 0.38
Phosphoress % B4 0.02 [} 004
A%
HARD GROVE INDEX 53 59 51 ‘ A%g\ ggi 4560
ASH CHARACTERISTICS , e
1Y - Initial deformiat o A T tes |t oo, 11091280
37 . Sofiening femp. HaW ¢ 1249 123 120, 120 .
HT-Hemisphercaltomp. CHewsz | ec| iawe 1310 1320 1300
FT « Fusion temp. +0
A-5.0 %] s ATIT % 5954
Ao- A2 05 % 1843 245 138 2
B-Fer Oy %|  nm 1081 iy 642 .
B-£a0 BRI 7.4 wr 14
B-MgO % s1r | 4% 86 5
B-Ha0 % 051 03 07
s o T T e s :
A TiO, %| 1 12 08 16 -
PO %) 0x 0w 0z 051 -
80s %| 1% 543 e a5
Ofners % 018 03 - 05
Base / Acid Ratio 042 03t 083 0t
Fe:0 / Ca Rafio % e 1w an
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0

A

e

& Site Condition

o

=z

3

B

1. Ambient temperature (Design & Guarantee of SG) : 30 DegC

Ambient temperature (Max.) : 37.8 Deg.C
Ambient temperature (Min.) : 22.3 DegC

o 2. Relative Humidity (Design & Guarantee of SG) : 75 %

pd

%)

@]

A

8

- 3. Height above M.S.L : 4.8m

0

o

=R

4. Seismic Load Data*
Zone : Zone 11

5. Wind Data*

Basic wind speed : 47 m/s

801 jo g abed
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Annexure P

Terminal Points for Electrical C&| Equipments

a) | Remote pressure, level, flow Up to field junction boxes for vendor
measurements supplied equipment mounted
instruments.
Up to root valves for purchaser supplied
line mounted instruments
b) | Remote temperature Up to field junction boxes for vendor
measurements supplied equipment mounted
instruments.
Up to tapping point stub with M33x2 (F)
Thread, for purchaser supplied line
mounted instruments
¢) | Test temperature tappings Thermowell with caps
Pressure & Flow Test pockets Up to root valves
d) | Electric drives (LT Motors and Terminal box with cable glands.
servomotors)
e) | UPS, 220V DC, 240VAC At individual equipment’s input terminal
f) Signals from/to motorized actuators At actuator terminal box.
to/from DDCMIS
g) | Signals from/to local control panels At the terminals of local control panels
h) | Pneumatic Control valves and Integral terminal box.
regulating actuators.
All signals of valves shall be internally
wired & terminated in the Integral
Junction Box for external connection to
DDCMIS
)] Instrument air distribution Equipment end
)] Earthing Equipment terminals
PROJECT DN104 TDN:SCR:001 / Part lil Page 7 of 108

22




vE S PROJECT - DN104

Annexure Q

Electrical Power supply Details:

1. The voltage level for motors shall be as follows:

a) Up to 0.2 KW: Single phase 240V AC / 3 phase 415V AC, 50 Hz
b) Above 0.2 KW and up to 200 KW: 3 phase, 415V AC, 50 Hz

¢) Above 200 KW and up to 2000 KW: 3 phase, 6.6 kV AC, 50 Hz
d) Above 2000 KW: 11 kV, 50 Hz

2. DC System Voltage: 220 V DC
3. UPS Power supply: 240V AC, 50 Hz
4. Utility Power supply (Space Heating, Lighting): 240 V AC, 50 Hz

PROJECT DN104 TDN:SCR:001 / Part Ill Page 8 of 108
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ANNEXURE - R

Electrical actuator - (Open/Close duty&Inching duty

applications)
SL. No. Details Requirements
Open/Close or Inching or Regulating duty, suitable for
Valve/damper applications.
1 | Actuator Application Suitable gearboxes shall be coupled (if required) to achieve the
torque requirements of the load.
Actuator mounting shall be suitable to the load requirement.
Electrical Actuator with integral starter for Open/Close and inching
2 | Actuator type L.
duty applications.
3 | Actuator Duty The actuatm-" shfall be of F)pen/ Close or Inching or Regulating duty as
per the application requirement.
Totally enclosed weatherproof construction meeting IP 68
protection class requirements.
4 | Actuator Construction All the gears available in the actuator shall be of metal (Fiber gears
are not acceptable).
Actuator shall have self-locking facility.
Shall have a lever and hand wheel mechanism for manual operation.
5 Manual operation The hand wheel mechanism shall be designed such that it is
through Hand-wheel , .
declutched automatically when the power supply to the motor, is
restored.
Shall be designed to meet with the required torque at the output
. shaft as per the load requirement. The adjustable range of run
6 | Torque requirement ) . )
torque and starting torque of actuator shall be indicated (in kgm) for
the actuator offered.
. The operating time of the actuator required for the complete travel
7 | Operating time . .
has to match with the load requirement.
8 | Supply voltage 415V, 3 phase AC supply, 50Hz.
The actuator shall operate without any trouble under power supply
9 | Power supplv variation voltage variation of * 10% of the rated value, power supply
s frequency variation of + 5% of the rated value, combined voltage and
frequency variation of 10% of the rated value.
Motor type shall be of Squirrel Cage induction type (or) Permanent
Motor type
10 : Magnet Synchronous motor (or) BLDC.
&construction
PROJECT DN104 TDN:SCR:001 / Part Il Page 9 of 108
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Sl No.

Details

Requirements

Shall be of Totally Enclosed, Self-Ventilated construction with
weather proof enclosure conforming to IP-65.

Shall have double shielded, grease lubricated anti-friction bearings.

11

Motor Insulation

Shall have class F insulation with temperature rise of the motor
winding limited to Class B.

Motor winding shall be tropicalized, suitable for the site conditions.

Temperature rise over ambient temperature of 50°C shall be 70°C.

12

Motor duty cycle

The duty cycle of the motor shall be short time S2 duty cycle rated
for the period of operation of 15 minutes or rated for 3 successive
open-close operations whichever is longer.

For inching duty, motor shall be suitable for 150 starts/hour.

For regulating duty, motor shall be S4 duty with Cyclic Duration
Factor of 60% and suitable for 1200 starts/hour.

13

Motor Starting

Motor shall be suitable for direct on-line starting.

Starting current shall be limited to 6 times the full load current
exclusive of tolerance. ‘

i
Shall be capable of starting at 85% of rated voltage and Running at
80% of rate voltage for a period of 5 minutes.

14

Standards

Actuator shall be conforming to [S-9334 or any other equivalent
international standard for all requirements.

Motor shall be conforming to IEC-60034, 1S-325 or any other
equivalent international standard for all requirements.

15

Motor Thermostat

Motor winding shall beprovided with inbuilt thermostat connected
in series (one thermostat in each phase) and shall be wired to
terminal box.

16

Space heater

Shall have a space-heater with suitable rating and the power supply
shall be derived internally from the main power supply.

17

Earth terminals

2 Nos. of earth terminals shall be provided on the body of the motor.

PROJECT DN104
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SI. No.

Details

Requirements

18

Torque & position limit
switches

2 numbers of adjustable torque limit switches (one for open and one
for close), each with 2 NO and 2 NC potential free contacts. The
torque limit switches shall have calibration in Kg-m (for whole
actuator including gear box if supplied), so that the switches could
be easily set to any desired value, within the range specified for each
actuator.

Torque switches shall be bypassed in both the end positions using
the position Limit switches available at the other end of the travel.

Actuators shall have provision for bypassing the torque switch
during initial 5% opening of valves.

4 numbers of position limit switches, rotary drum type capable of
being set at any position(2 nos. for open and 2 nos. for close) each
with 2 NO & 2 NC potential free contacts.

All Gear train mechanism shall be made of suitable metal only.

Shall be enclosed in a dust & weather proof compartment and the
compartment shall have enough space suitable for calibration.

Contacts of limit and torque switches shall be Silver plated having
high conductivity and non -corrosive type.

Contact rating of all the above limit switches shall be 5 A at 240 V AC
and 0.5 Aat 220 VDC.

19

Local position indicator

Shall be provided to indicate 0 to 100% travel.

20

Controls
only for
duty

Positioner
(Applicable
regulating
applications)

Actuator shall be provided with an electronic positioner and related
electronic controls required for positioning the actuator, accepting
4-20 mA command signal.

Shall have following standard, adjustable control features in the
actuator.

SPAN :-

To calibrate the position feedback signal with the travel of the
actuator for 100% range of position demand signal.

ZERO :-
To calibrate the position feedback signal with the travel of the
actuator for minimum value of demand signal.

DEAD BAND :-
The actuator should meet the process requirements.

PROJECT DN104
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Sl. No.

Details

Requirements

The positioner shall have STAYPUT characteristics on loss of the
demand signal.

Solid State reversing circuit shall be provided for forward and
reverse operation of the actuator.

21

Position Feedback
transmitter

For inching duty and regulating duty applications, position feedback
transmitter has to be supplied. Shall be 2 wire, non-contact type
(LVDT) electronic position transmitter with an butput of 4-20 mA DC
and shall be loop powered from external power supply. The output
shall also be capable of driving minimum 500 Qload in the control
circuits.

22

Internal wiring

Shall be done with 1.5 sq.mm PVC insulated, stranded copper wire of
650V grade for control signals. For Power circuits, internal wiring
shall be done using suitable size of stranded cables, taking care of the
motor current rating,

Ferrules should be used for easy identification. Internal wiring and
the terminal block drawing shall be neatly pasted on the internal
side of the terminal box. ‘

9 Pin Plug in connections shall be provided between external
customer connections and actuator.

23

Terminal box

All terminals of the position limit switches, torque limit switches,
space heaters shall be terminated in the terminal box. The terminals
shall be of cage clamp type suitable for the cables of size 2.5sq.mm.

Minimum 6 numbers of spare terminals shallibe made available in
the terminal board.

Terminal box of actuator shall be weatherproof conforming to IP 65
and shall have enough space for connecting cable glands. Terminal
box shall be fitted with a removal front cover-plate.

PROJECT DN104
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Sl No.

Details

Requirements

Cable Termination

24 | philosophy

Termination of Power Cable :-

Double compression type, Brass with Nicke] plated cable glands shall
be provided for the termination of power cable. Motor terminals
shall be of stud type. Cable gland along with blanking washers shall
be selected suitable for the power cable sizes as indicated below.

a. Upto3 kW -3C x 2.5 sq.mm. Copper, OD - 17 mm + 2 mm.
b. >3kW &upto 7 kW - 3C x 6 sq.mm, Aluminium, OD - 19

mm 2 mm.

Termination of Contro] Cable:-

3 Nos. of Double Compression type, Brass with Nickel plated cable
glands have to be supplied for the termination of the
control/instrumentation cables suitable for a cable OD of 18mm.

25| Fasteners

All fasteners used in the equipment shall be of a corrosion
resistant material.

26| Paint & finish

All external Parts shall be finished and painted to produce a neat and
durable surface which would prevent Corrosion & Rusting.

27| Lubricant

The gear box of the actuator shall be either oil filled or grease filled.

Technical Description of the Electronic Integral Starter

1 | Integral starter

Control logic of the starter shall be designed using
suitable electronic control circuit. The starter shall
have the following minimum features :

s Power supply isolation switch & fuses of

suitable rating.

e Thermal Over load relay.

» Lockable Local- Off -Remote selector switch.

e Push buttons for Local Operation (OPEN,
CLOSE, STOP)

s Indication lamps (OPEN, CLOSE, TRIP)

 Remote Signal interface

e Output Contacts

e Status/Fault annunciation

PROJECT DN104

TDN:SCR:001 / Part Il Page 13 of 108
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Interposing relays of coil burden <=2.5VA hall be
provided to initiate opening and closing using 24V DC
signal from the external control system.

Actuator shall also be suitable for remote operation by
potential free contacts for Open/Close & Stop, the
necessary 24V DC power supply shall be derived
internally.

2 | Open/Close Command Open/Close command termination logic with position
and torque limit switches shall be suitably built inside
the starter ‘

Electrically & mechanically interlocked contactors
shall be provided for forward and reverse opgration.
Contactor rating shall be sufficient to withstand the
extreme conditions like wvalve jamming and
instantaneous reversal of motor.

Shall have various protection features such as Single
Phasing prevention, Wrong phase sequence protection,
Protection Features in Overheating protection through thermostat, Short
Starter Circuit protection, Overload, Supply Under Voltage,
over and above other standard protection features as
per manufacturer’s design. ‘

Control supply voltage of the starter shall be 24V DC. If
other control voltage rating is used, then the same
shall be derived internally by the manufacturer.
4 | Control Supply Necessary primary and secondary fuses shall be
provided. Opto isolation circuit shall be provided with
suitable coupling relays for 24V DC commands from
external control system.

Provision shall be available to operate the actuator
5 | Local Operation locally. Lockable local/remote selection shall be
provided on the front panel of the actuator.

The following status indication signals shall be |
provided in the actuator over and above the standard
signals available in the actuator as per the

6 | Status indication manufacturer’s standard

e Actuator Open

e Actuator Close

e Actuator in travel

PROJECT DN104 TDN:SCR:001 / Part lli Page 14 of 108
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Output Contacts

A Common potential free contact for collective fault
annunciation of following faults such as Thermal
Overload trip, Motor Thermostat trip, Control supply
failure, Power Supply Failure/Single Phasing,
Local/Remote switch in LOCAL/OFF, Torque Switch
acted along with Other protections acted shall be
provided for customer use.

Potential free contacts shall be provided for
Local/Remote/Off positions of the selector switch.

Fault Annunciation

The following fault annunciation signals shall be
provided in the actuator over and above the standard
signals available in the actuator as per the
manufacturer’s standard

* Open Torque Switch/Close Torque Switch

acted
» Motor thermostat trip
s Motor Overload relay acted

Actuator shall have necessary provision for diagnosing
the fault locally.

General features to be
provided in the actuator

Open Torque Switch shall be bypassed initially for 3
seconds or 5% of the valve travel.

It should be possible to reverse the direction of travel
for inching duty application.

Automatic phase correction facility and single phasing
prevention shall be provided.

10

Details to be furnished

The ratings of the various components of the starter,
various signal exchanges to/from the starter and the
wiring interconnections shall be clearly indicated in
the wiring drawing of the actuator.

PROJECT DN104
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Pneumatic Actuator-Regulating type

SL. NO. DETAILS TECHNICAL REQUIREMENTS
General :
1) This technical specification covers the requirements of Regulating Duty, pneumatic
actuators, SMART positioner and accessories, to be used for control damper applications.
2) Actuator:
¢ Double or Single acting type, to suit the application.
e Piston operated type.
a) Actuator type :
e The actuator shall be sized to meet the requirements of
the load.
b) Actuator Duty Regulating duty
The actuator mounting shall be of any one of the following
types.

e Stand mount type with output shaft and output lever.
The actuator shall be connected to the load through

) ) linkage rod mechanism.
Actuator mounting type
(Or)

e Direct Mount type : The actuator (piston rod) shall be
directly connected to the load. The actuator shall have
trunnion base.

The actuator base shall be suitable for mounting the cylinder
d) Actuator assembly and for fixing the foundation bolts. The entire arrangement
should be able to withstand the load and torgjue requirements.
Mini : 3K . !
€) | Air Supply Power Air i 8/sq.cm (g)
Maximum: 7 Kg/sqg.cm (g)
f) Stroking time To suit the process requirement.
g) |ActiononlossofPower |, g he process requirement.
Air Supply.
h) Action on Loss of To suit the process requirement
Command Signal. P qu! e
i) Position indicator 1 No. local mechanical position indicator is required.
PROJECT DN104 TDN:SCR:001 / Part Il Page 16 of 108
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i) Provision for reversal of | Actuator assembly to be configured in Direct acting. Provision
action to change to reverse action shall be provided

3) Material :
Hard chrome plated high strength steel. Leather bellows /

a) Piston rod Gaiters shall be provided to prevent actuator inner parts from
rusting.

b) Piston High Strength Steel.

c) ﬁ;ﬁ::lt or body/Cylinder Honed & hard chrome plated seamless Carbon steel.

d) Actuator seals Viton.

€) General Necessary surface trgatment shall be provided for all tl_xe
components (as applicable) to prevent rust and corrosion.

4) | Limit Switch :

a) Quantity One for open and one for close.

b) | Number of contacts In case of SMART positioner, 1 NO + 1 NC

) | Type Snap action

d) Limit Switch Enclosure Dust & Weather Proof, IP-65

€) | Contact Rating 5Aat240 V AC / 0.2A at 220 V DC.

f) Make Shall be as per the manufacturer’s standard.

5) Air Lock Device:

a) Type ggcff)l;):;z:as to be adjustable.

6) Air filter cum regulator:

a) Supply air pressure 7 Kg / sq.cm

b) Type Diaphragm

c) Pressure rating 15 Kg / sq.cm

d) Filter Material Phosphor Bronze

e) Body Die-cast aluminium

f) Inn.er valve, seating and Stainless steel

spring

g) Enclosure protection IP-65

h) Output pressure 0-7Kg/sq.cm

i) Filter Element Phosphor Bronze

) Filter size 5 microns

k) Drain Auto Drain feature shall be provided

D Accessories Blow down valve shall be provided

PROJECT DN104 TDN:SCR:001 / Part lil Page 17 of 108
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7) Pressure gauge :

a) Dial 50 mm Diameter

b) | Type Bourdon

0) Material of sensing
element (Bourdon) Phosphor bronze

d) Range 0-10Kg/sg.cm

€) Accuracy + 5%

f) Make Shall be as per manufacturer’s standard

g) . L Air connection inlet shall be suitable to accept 14" 0D PVC
Air connection inlet

sheathed copper tube
8) Hand wheel / Lever To be provided along with actuator for mamgal operation.
9) Integral Junction Box
All the electrical connections from the accessories, shall be

a) . wired suitably as per the wiring drawing to the junction box.
Junction Box . .

Protection Class: IP-65. Terminal blocks shall be of Cage-Clamp
type, suitable for 2.5 sq.mm. Cable. ‘

b) Termination of external 3 nos. of double compression type brass: with nickel plated
cable to the Junction box. | weather proof cable glands suitable for cable OD of 18 mm.
Linkage rods for Stand The Linkage rods shall be supplied as per the drawings referred

10) | mount type pneumatic in the purchase enquiry. The application naLnes & tag nos. have
actuators. to be painted on the linkage rods for easy identification.

11) Painting/Finish for both Power Cylinder & Linkage rods |

a) Paint Shade Shall be as per manufacturer’s standard

b) Finish Corrosion resistant, Epoxy based resin.

Shall be as per manufacturer’s standard practice. The packing

12 . shall be suitable for safe transport, safe delivery at site and shall

) Packing
be suitable to avoid damages due to water entry and shall
withstand the environmental conditions duﬁing storage at site.
SMART positioner (For Control Valve and Damper appliéations)
SL . . .
No Technical Description/Requirement

1 | Make of the SMART positioner | Vendor to specify.

4-20 mA, 24 V DC, 2 wire system {Loop powered from

2 | Type of Input y ( PP

DCS)
3.6 mA - 21 mA (4-20 ASlta ti hall

3 | Operational signal range mA ( mA). Splitr nge operation sha

also be possible. |

4 | Voltage 12to 36 V DC

5 | Input impedance Vendor to specify |

PROJECT DN104
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;l(') Technical Description/Requirement
6 | Supply Air pressure 3-7Kg/cm?
7 | Air Capacity Vendor to match with the requirement of the actuator.
8 Sensitivity, Accuracy, Vendor to match with the requirement of application
Repeatability, Hysteresis requirement.
T f Acti
9 y_pe 0% Aicting Vendor to match with the requirement of the actuator.
(Direct/Reverse)
L SMART positioner shall be compatible to fit valve
10} Flow Characterization . :
characteristic curves, Linear/Equal percentage etc.
11| Stroke time Vendor to match with the requirement of the actuator.
No. of ti tput
12 (? ot preumatic OutpUts Vendor to match with the requirement of the actuator.
(Single/Double)
13{ Pneumatic Process Connection | To suit the impulse line as per the process P & ID.
L SMART positioner shall be compatible for Remote
Communication by Hart . . . . .
14 calibration & Diagnostics using Hart Management
Protocol
System.
SMART positioner shall be compatible for Auto Start
. . with self-calibration, Remote calibration from Hart
15| Calibration . . .
Management System & manual calibration using push
buttons available on the positioner.
:4-20 iti i
16| Position sensing & feed back Outp}lt 4-20mA position feedback signal shall be
provided.
17| Electrical Cable entry Side or bottom entry to avoid water ingress.
18| Protection Class IP-65
iti hall b i ievi
Action required during 4 to 20 SMART posi -1oner shall be compajclble for achleYlng
19 ] ) Fail Open, Fail Close & Stay put (Fail freeze) functions
mA control signal failure. i i
to be configured at site.
20| Accessories For Supply & output pressure, pressure gauges shall
be provided on the positioner.
SMART positioner shall conform to EMC Compliance
21| EMC Compliance as per international standards IEC/EN. 61000-4-
2/3/6/12
1. Soft Open / Close limit switch output.
Alarm on loss of demand signal.
Fault.
22| Diagnostic Features Manual /Auto operation indication.

Alarm on Power air failure.
Travel/ Stroke counter.
Diagnosis of leakage in actuator.

NOo bk W
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;l(') Technical Description/Requirement |
8. On line partial closure test (as]per requirement of
valve)
9. Valve signature analysis
10. Valve friction/jamming detection
11. Step Response Test
The positioner shall have a display with push buttons
23| In built Operator panel for configuration and for read out. The same shall be
Password protected/Hardware lock
Required mounting accessories! & fasteners for
24| Mounting Assembly mounting the positioner on valve actuators shall be
provided.
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ANNEXURE-S
LT AC Motor
Sl . -
No. Description Requirement

1 | General Description Squnjrel cage type induction motor, suitable for direct on line
starting.

IS-325, 1S-1231, 1S-6362, 1S-2253, 1S-5572, 1S-12065, IS-

2 | Applicable Standards | 12075, 1S/IEC-60079,1S-12615, IS/IEC-60529 &IEC-60034.
(Latest version of relevantstandards shall be referred)
Totally Enclosed Fan Cooled (TEFC), IP-55 as per IS/IEC-
605209.

3 | Type of enclosure Motors located in hazardous area shall have flame proof
enclosure as per IS/IEC -60079. Vendor to provide flame
proof enclosure as per the area of classification, meeting the
requirements of type of fuel being.

4 | Duty Cycle Continuous, S1

pnerey Efficiency E-3 as per IS-12615/IEC 60034-30.
¢ |Rated Voltage & 415V, AC, 3 Phase, + 10 %.
Tolerance
7 Rated Frequency & 50 Hz, + 5%
Tolerance
8 Combined voltage & 10 % (absolute sum)
frequency tolerance

a. All motors shall be so designed that maximum inrush
currents, locked rotor and pull out torque developed at
extreme voltage and frequency variations do not endanger
the motor and driven equipment.

b. Motor shall be designed to keep torsional and rotational
natural frequencies of vibration at least 25 percent above
the motor rated speed ranges to avoid resonant vibration
over the operating speed range of the motor and driven

9 | General Requirements equipment.

c. Maximum continuous rating (MCR) of the motor shall
have at least 15 % margin over the maximum load
demand of the driven equipment including voltage and
frequency variation. (Applicable only if vendor supplies
motor along with the driven equipment or load).

d. Requirements during running :-

The motor shall be capable of operating satisfactorily at
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SIL
No.

Description

Requirement

full load for 5 minutes without injurious heating with 75
% rated voltage at motor terminals.

The motor shall be designed to withstand momentary
over-load of 60% of full load torque for 15 seconds
without any damage.

The motor shall be designed to withstand 120 % of rated
speed for 2 minutes without any mechanical damage.

e. Requirements during starting :-

Motor shall start with rated load a;ﬁd accelerate to full
speed with 80 % rated voltage at motor terminals

i
The motor shall be capable of withsitanding the stresses
imposed if started at 110 % rated voltage.

f. Torque requirements :-

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

Pull Out torque at rated voltage shall‘not be less than 205
% of full load torque |

10

Class of Insulation

Class-F insulation with temperature rise limited to Class-B.
Temperature rise of the motor shall bq limited to 70°C (by
resistance method) over an ambient temperature of 50°C

11

Stress withstanding
capability during Bus
Transfer

The motor shall be suitable for sudden hpplication of 150 %
of rated voltage during bus transfers, due to the phase
difference between the incoming Voltage and motor residual
voltage.

12

Capacity to restart for
rated voltage

a. Two successive starts from cold condition
b. Three equally spread starts per hour

c. Two hot starts in succession, with motor initially running
at normal temperature.

13

Locked Rotor
Condition

The ratio of Locked Rotor KVA at rated Vbltage to rated KW
shall not exceed as indicated below, including tolerance

e For Motor rating < 110KW : 10
e For Motor rating > 110KW : 9

14

Locked Rotor
with-stand time

For motor with starting time up to 20 seconds at
minimum permissible voltage during starting, the locked
rotor withstand time under hot condition at highest voltage
limit shall be at least 2.5 seconds more than starting time.

For motor with starting time more than 20 seconds but not
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SL

No Description Requirement
exceeding 45 seconds at minimum permissible voltage
during starting, the locked rotor withstand time under hot
condition at highest voltage limit shall be at least 5 seconds
more than the starting time.
For motor with starting time more than 45 seconds at
minimum permissible voltage during starting, the locked
rotor withstand time under hot condition at highest voltage
limit shall be 10% more than the starting time
Vendor to provide Speed switches mounted on the motor
shaft in case the above requirement is not met with.
15 Type of balancing of Dynamic balancing
rotor
16 | Method of cooling 1C-0411 as per 1S-6362
17 | Directionof cooling | b i4e 1o DE Side
air flow
As required by the drive equipment, the motor shall be
suitable for operation in both directions of rotation. A plate
18 | Direction of rotation showing direction of rotation, as determined by the phase
sequence on the terminals marking shall be screwed at non-
driving end of the body of the motor.
Enameled Copper Wire, Grade-2, as per 1S-13730, Part-3.
19| Winding wire Windings shall be non-hygroscopic, oil resistant and flame
resistant.
Winding Insulation shall be given tropical and fungicidal
Treatment on . . . .
20 L. . treatment for operation of motor in hot, humid & tropical
Winding Insulation )
climate.
21 | Starting Current The starting current shall be limited to 600 % of FLC,
8 inclusive of tolerance as per the IS standard.
X Noise level shall be limited to 85 dB at 1.5 meter distance
22 | Noise level
from the outer surface of the motor.
i . The peak amplitude of vibration shall be as per 1S-12075
23 | Vibration level - .
(Limits of Severity-Normal grade shall be followed).
24 | Shaft extension Motor_ shall_ be prov1ded_ with key slotted bare shaft
extension, with key at the drive end.
Flame proof as per IS/IEC-60079, capable of being turned
through 360° in steps of 180°. Terminal box shall have
adequate space to terminate the Power cable applicable to
the motor by using suitable lugs.
25 | Terminal box Minimum Distance between center of the terminal stud & the

gland plate and Minimum inter-phase/phase-earth air
clearance shall be provided as per the details indicated in the
annexure (project specific requirement).

1 No. Earth terminal shall be provided inside the terminal
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SL
No.

Description

Requirement |

box.

Connection diagram shall be marked inside the terminal box.
The motor terminal box shall be suitable for withstanding the
system fault current of 50 KA for a duratlon of at least 0.25
seconds, without any rupture.

26

Cable Entries, Cable
Glands & Lugs

Cable entries, Cable glands and Lugs shall be provided
suitable for the power cable size as 1nd1c$ated in the annexure
(project specific requirement).

Double Compression type, brass with ‘nlckel plated flame
proof cable glands shall be supplied - Qubntlty to be matched
with the number of entries. :

|
3 Nos. of Tinned Copper Lugs shall be prdvided.

27

Terminals

Separate Terminals for Space heaters and Windings with
suitable connecting links shall be supplied.

28

Body Earth

Shall have 2 Nos. of earth points (Threaded hole with suitable
GI Bolt)at appropriate location (in motor'/base frame).

29

Space heater for
motors rated 30 KW
and above

Separate space heater suitable for 240'V AC, Single Phase
supply shall be provided.

30

Lifting provision

Eye bolt.

31

Bearing

Bearings shall be of ball or roller typé effectively sealed
against ingress of dust. The bearing shall be so constructed
that the loss of lubricating grease is kept to minimum.

Bearing shall be rated for a minimum stgndard life of 40000
hours.

32

Tests (Certificates
shall be furnished)

e Measurement of resistance of Wlndlngs of stator and
wound rotor. :

¢ Reduced voltage running up test a“c no load (for
squirrel cage motors).

¢ Noload test. ‘

» Fullload test to determine eff1c1er1cy, power factor

and slip.

Insulation resistance test.

High voltage test :

Test for vibration severity of motor

Test for noise levels of motor. ‘

Test for degree of protection by enclosure.

o Temperature rise test at limiting values of voltage and
frequency variations.

e Overspeed test.

¢ Locked rotor readings of voltage, ¢urrent and power
input at a suitable reduced voltage.
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13:)' Description Requirement
e All LT motors 15 KW and above shall
. - beprovided with external greasing
Project specific
33 requirements arrangement.
q e All motors for outdoor duty shall have detachable
metal canopy.
Motor shall have name plate as per relevant IS and in
34 | Name Plates addition, Manufacture’s name, frame size, Energy Efficiency
class, Insulation class designation shall also be indicated.
3 Sets of the following :-
a. Final technical Data sheet as per the format submitted
by BHEL.
Documents to be
submitted by the b. Motor GA drawing indicating foundation, shaft details
35 vendor for approval and terminal box arrangement with complete
by BHEL/Customer, dimensions.
after placement of
purchase order. c. Motor Characteristic curves ({Torque Vs. Speed,
Current Vs. Speed, Speed Vs. time, Current Vs. time,
Efficiency and PF Vs. load, Thermal withstand
characteristic)
Shall be as per manufacturer’s standard practice. The
36 | Packing packing shall be suitable for safe transport, safe delivery at

site and shall avoid damagesdue to environmental conditions

during storage at site.

Cable Entry Details

Vendor to provide the cable entry in the motor suitable for the power cable sizes indicated
below. However, the sizes indicated herein are only tentative and shall be finalised during
detailed engineering.

Sl. No. From To Power Cable size in
(Kw) (Kw) sq. mm.
1. 0.01 1 3C-10mm2(AL)
2. 1.01 2 3C-10mm2(AL)
3, 2.01 3.7 3C-10mm2(AL)
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. 3.71 5.5 3C-10mm2(AL)
. 5.51 7.5 3c-25mm2}(AL)
. 7.51 9.3 3C-25mmZ2(AL)
. 9.31 11 3C—25mm2;(AL)
N 111 15 3C-50mm2(AL)
N 15.1 18.5 3C-50mmZ2(AL)
10 18.51 22.0 3C-50mm2;[AL)
11 22.1 27.0 3C-95mmZ2(AL)
12 27.1 30.0 3C-95mmZ(AL)
13 30.1 37.0 3C—95mm23(AL)
14 37.1 45.0 3C-95mm2§(AL)
15 45.1 55.0 3C-150mmZ(AL)
16 55.1 64.8 3C—150mm2j(AL)
17 64.9 75 3C-240mmj(AL)
18 75.1 90 3c-240mm%[AL)
19 90.1 110 2-3C-150mmP(AL)
20 110.1 125 2-3C-150mm2 (AL)
21 1251 160 2-3C-240mm? (AL)

Dimensions of Terminal Boxes (Flame proof motors)

PROJECT DN104

S1. No. Motor MCR in KW Minimum Distance beﬁween centre of
stud and the gland plate (in mm)
1 Up to 3 KW As per manufacturers’ practice
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2 Above 3 KW - Up to 7 KW 85
3 Above 7 KW - Up to 13 KW 115
4 Above 13 KW - Up to 24 KW 167
5 Above 24 KW - Up to 37 KW 196
6 Above 37 KW - Up to 55 KW 249
7 Above 55 KW - Up to 90 KW 277
8 Above 90 KW - Up to 125 KW 331
9 Above 125 KW - Up to 200 KW 403

Phase to Phase/Phase to earth air clearance

Minimum inter-phase and phase-earth air clearance for LT motors with lugs installed shall be

as follow
SI. No. Motor MCR in KW Clearance (in mm)
1 Up to 110 KW 10
2 Above 110 KW - Up to 150 KW 12.5
3 Above 150 KW 19
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ANNEXURE - U :
FIELD AND MEASURING INSTRUMENTS
Field & Measuring Instruments (Primary & Secondary lnstrumenls)
1.01 General requirements |

The instrumentation and control equipment shall conform to all applicable codes and
standards. The instrumentation/control equipment and accessories shall be from the
latest proven design for which the performance and high availaaility have been
demonstrated by a considerable record of successful operation inn power station

service for similar applications.

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

Every instrument requiring power supply shall be provided with ja pair of easily
replaceable glass cartridge fuse of suitable rating. Every instrument sl’xall be provided
with a grounding terminal and shall be suitably connected to the panel grounding bus.

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

Following minimum requirement of field instruments shall be fulfilled by Bidder :-

a.  Level Transmitters (Type as per Owner approval) for open sumb / tank /bunker /
vessel / heaters. ‘

b.  Stand pipes on both side of tank for all level instruments (LT, LSl&LG).
C. Flow elements (Type as per Owner approval) with flow transmitter & Flow meter

for flowmeasurement of process medium like Steam, Water, Air, Flue Gas as decided
by owner. ‘

PROJECT DN104 TDN:SCR:001/ Part 11l Page 28 of 108



B

PROJECT: DN 104

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

DPG, DPT & DPS across thefilters/strainers.
Tapping points/test points shall beprovided.

All Thermocouples & RTDs (Type as per Owner approval) shall be Duplex.
Thermocouples shall be provided for Services with Temperature > 200 °C.

All Field Instruments used in acid or alkaline atmosphere shall be with standard Anti
corrosion coating i.e. the combination of Polyurethane and epoxy resin baked
coating(ANSI/ISA-71.04).

All primary instruments installed at “Minus level or Floor” shall be with protection
class of IP-68.

Transmitters (all type) for monitoring & controlspurpose.

All field mounted push button, selector switch etc. shall be as per IEC or NEMA
4Xprotection.

All limit switch shall be conform to IEC-60947-5-1 and shall have minimum
2SPDT/DPDT contacts.

Temp. Transmitters are envisaged with RTD & Thermocouples for monitoring
services / application only. However any RTD & Thermocouples are used for control,
interlock & protection application, same shall be directly wired to DDCMIS/DCS
using instrumentation & Extension cablesrespectively.

As for the water flow/ steam flow measurements, necessary flow elements/
transmitters are chosen in the process line and supplied such that their algebraic
summation shall be mass balanced for calculating the systemefficiency.

Non-contact type electronic 2-wire position transmitters shall be provided for all
inching type motorised valves anddampers.

Where the process fluids are corrosive, viscous, solid bearing or slurry type,
diaphragm seals shall be provided. Parts below the diaphragm shall be removable
for cleaning. The entire volume above the diaphragm shall be completely filled with
an inert liquid suitable for the application. For hazardous area, explosions proof
enclosure as described in NEC article 500 shall beprovided.

Gauges (all type) for local monitoring infield.

Each switching element including the limit and torque switches of valve actuators
shall be provided with minimum two contacts i.e. 2SPDT orDPDT.

All  instruments should be supplied with valid calibration andtest
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certificatesprovidedby OEM. |
Canopy/Enclosureshallbeprovidedforfieldinstrumentsliketransmitters, switches &
flow meters, etc. and any other equipment to protect from direct sun light, lightning
&rain.

Redundancy:-

Triple measurement scheme: Triple measurement scheme Ifor analog inputs
employing three independent transmitters connected to separate tapping points
shall be employed for the most critical measurements. The same shall be used in
analog control functions and all other trip & protection logics etc:

Dual measurement scheme: For binary and analog inputs required for other
modulating control, protection and interlock purpose of other equipment and other
critical monitoring application etc., minimum dual sensors shalllbe provided. Dual
measurement scheme for analog inputs employing two independent transmitters/
temperature element, connected to separate tapping points sha}l be employed for
the remaining measurements used for analog control functions. :

For binary and analog inputs used for alarm and monitoring only, single sensor
criteria shall be applicable.

All the instruments/sensors/transmitters/switches meant for redundant
applications shall have completely separate and independent impulse pipes/ root
valves etc. No redundant instrument shall share a single process tapping. There will
be separate and independent tapping for every individual instrument.

1.01  Transmitters, Switches, Gauges and Panel Mounted Instruments

Pressure,DifferentialPressure,DPtypeLevelandFlowTransmitters(PT,DPT,LT&FT)

Smart Transmitters of the electronic type shall be furnished. Ali Transmitter shall
be installed in closed LIE in the boiler area. Transmitters shall be equipped with
mounting brackets suitable for a mounting in transmitter enclosures.

In general, Transmitters are envisaged to be grouped at several places as to be
decided during detailed Engg. Stage. For this purpose, suitable enclosures complete
with all tubing, fittings, purge meters, loop cable trays etc. shall t‘?e provided.

Type/Construction Sealed  capacitance/ Inductance/  Silicon |
resonance type

Material ‘

Body Die cast Aluminium with epoxy coating for air &

Diaphragm SS 316 With Teflon seal for process

requirement/process media for other services
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pressure
transmitters)the suitable material/coating shall
be chosen as per the suggestion of transmitter
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SS 316 (Suitable material/coating for Hydrogen
transmitters/Differential  pressure

manufacturer.

Valves Carbon steel for non-corrosive applications &SS
316 for corrosive applications

Output Signal 4 to 20 mA. DC (Two wires) HART Compatible

4 Local Indicator LCD indicator (5 digit) with scale of Engg. unit

Overall Accuracy + 0.04% or better of Span for BTG package
+ 0.065% or better of Span for BOP packages
+ 0.2% or better of span for remote seal type
transmitter.

6 [Turn down ratio 100:1 in general 10:1 for vacuum/very low
pressure applications. 10:1 for very high pressure
application.

30:1 for other applications
7 Stability +0.15% of URL for 5 years.
8 Response time 150 msec.
9 Power supply 24V DC nominal
10 | Load Impedance 500 Ohms (min.)
11 | Drive capability 600 Ohms nominal
12 | Enclosure Class IP-65 (Explosion proof for NEC Class-1, Division
13 | Span and Zero Locally adjustable, non-interacting
14 | Zero suppression / elevation | At least 100% of Span
15 Connection
Process Half (1/2) inch NPT (F) Quarter (1/4) inch NPT
with / without ovalflanges
Electrical Suitable for Plug in type connection (Both side of
transmitter), unused entry with blind plug.
16 | Accessories
For Absolute Pressure Two (2) valve SS 316 manifold
Transmitters
ForGauge&transmitterVacuum | Three (3) valve SS 316 manifold
pressure
For DP, level & flow transmitter| Five (5) valve SS 316 manifold
For oil and corrosive liquids Separator diaphragm seals
For all transmitters Mounting bracket
Steam Service Syphon
Pumps Discharge service Snubbers

17 | Adjustment / calibration From | From

hand held calibrator /
centralized OWS based system
/ maintenance (asapplicable).

systemhandheldcalibrator/centralizedOWSbase
d
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IBR Requirement

1

Manifold should not be mounted on the transmitter, Manifold shall be non-integral and
standalone type. Snubbers/Pulsation dampeners shall be used where the process media is
unstable for measurement such as the discharge of a pump. Over range protection shall be used
where necessary. The coil syphons& condensate pots shall be used for steam services.
Transmitters shall be provided with suitable drain & vent points.

Transmitters, smart positioner & other HART based instruments shall be subplied along with 4
Nos. of universal type hand held/portable calibrators. Temperature trinsmitters shall be
supplied along with 4 Nos. of hand held/portable mV source generators/signal reader.

|
If one type of hand held type calibrator is not suitable for communicating with all types of
transmitters then separate hand held calibrator will be provided.

L Pressure Switches (PS) & Differential Pressure Switches(DPS)

€

1 | Applicable Standards 1S3624 — 1966/1SA-RP-8.1
2 | Materials
Bellows SS 316
Bourdon tube SS 316
Movement SS 316
Enclosure Die-cast aluminium with stoved enamel black
finish. Epoxy coating shall be provided for
corrosive atmosphere. ;

3 | Type/Construction Bourdon/Sealed Diaphragm Pist(jn Actuated
preferable. Indicators with contacdts are not
acceptable. ‘

4 | Protective Diaphragm Teflon

5 | Accuracy + 1 % or better of full range

6 | Repeatability + 0.5 (half) percent or better of full range

7 | Setting & Differential Adjustable

8 | Contact

Number DPDT /2 SPDT |
Type Auto reset with internal Adjustab]le snap action
micro switch !

9 | Rating 5A,240VAC/0.2A,220VDC

10 | End connection 14" NPT (F) / Manufactures Standards
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Half (1/2) inch NPT Male Process

11 | Connection - instrument
12 | Electrical Suitable for Plug in type connection. All the
switches are internally connected and brought to
the surface with Amphenol male/female
connection. Cabling need not terminated inside
the switch. Cable ends are to be soldiered in
connector and to be inserted for easy
maintenance.
13 | Over range protection One Fifty (150) percent of full scale
14 | Enclosure Class IP-65 or better (Explosion/Flame proof for NEC
Class-1, Division 1 area)
15 | Dead band adjustment Adjustment up to 10% at set points.
16 | Accessories .
3 / 5 valve manifold As applicable for all switches
Self-cleaning type pulsation Pump and compressor
dampners / Snubbers (Material
SS 316)
Syphon For all steam lines
Protective separating For fuel oil & corrosive liquid lines.
diaphragm
Mounting Local (in LIE / LIR for BTG package)
17 | IBR Requirement For high pressure service, Process tapping and
root valves are as per [BR rules and regulations

1L

Pressure & Differential Pressure Gauges (PG &DPG)

1

1 | Applicable Standards IS:3602-1966,1S/3624, ASME B 40.1
2 Type / construction
760 mm to 1.0Kg/cm2 Bellows/Diaphragm
Abovel.0Kg/cm?2 Bourdon Tube
Suction side of pumps Compound gauge
3 | Materials
Bellows SS 316
Bourdon tube SS 316
Movement SS 316
Case Enclosure SS 316 / Die-cast aluminium with stoved enamel
black finish. Epoxy coating shall be provided for
corrosive atmosphere.
4 | End connection 1" NPT (M)
5 | Protective Diaphragm Teflon
6 | Dial Size 150mm with shatter proof glass
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7 | Scale Details Graduations in black lines on white dial, on white
dial, 270 degree pointer deﬂectiovtscale provided
with glass cover. Smallest scale division shall be
one (1) percent of full scale value or smaller.
Pointer stop for all gauges.

8 | Range Selection Cover 125% of max. of scale

9 | Accuracy + One (1) percent or better

10 | Instrument process connection | %" NPT Male (Back Entry)

11 | Mounting Type Local / 1/2 inch NPT Male (Back entry) mounted
on local gauge board.

12 | Protection Class IP-65 or better (Explosmn/Flame\prooffor NEC
Class-1, Division 1 area)

13 | Accessories !
3 way needle valve / manifolds | For all gauges i
Self-cleaning type Pump and compressor discharge (Pulsation
dampener / Snubbers (SS 316) lines
Syphon For all steam lines
Protective separating For fuel oil and corrosive liquid lines
14 | Other Particulars :
External Zero adjustment / For all gauges ‘
Ranges 5 to 20 Kg/cm2 Rubber blow out disc with open f1+ont
Ranges above 20 Kg/cm?2 Neoprene safety diaphragm at thq back with
solid front construction.

15 | Over range protection 150 %of full scale

16 | Over Range Test Test pr. For the assembly shall be 1 5 to the max.
Design pr. At 38°C

17 | Other Requirements Movement mechanism shall be glj/cerin filled for
oil services & vibration prone area.
For Fuel oil & corrosive liquid lines diaphragm
type sensors required. Armoured capillary of 10
M for Fuel oil & Corrosive liquid service.
Contact type pressure gauges are not acceptable
for interlock & protection.
For condensate storage tank the pressure gauge
in terms of0-10000 mmwecl or ‘sultable range
having dial size of 300mm or blgger size shall
beprovided. i

18 | IBR Requirement For high pressure service, Process tapping and
root valves are as per IBR rules and regulations
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Temperature Related Instruments

a) Temperature Transmitters(TT)

1| Type SMART type configurable from control room
through HART protocol (HMS System).

2 | Display type Indicating type (5 digit LCD Display)

3 | Accuracy +0.10 %,

4 | Ambient temperature error 0.1 % per 10°C change

5 | Input Same transmitter shall be capable to handle Pt-
100 RTD, Thermocouples -K & R types (input
type to be selectable at site through HART
terminal)

6 | Output 4-20 mA DC (2 wire system) HART compatible
signals for analogue monitoring inputs to the
distributed control system (DDCMIS), DCS & PLC.

7 | Isolation Min. 500 V AC

8 | EMC compatibility as per EN 61326

9 | Operating ambient temperature | 0 to 85 ° C (withoutindicator) 0to 70°C (with
indicator)

10 | Protection class NEMA 4 / P66 or equivalent degree of protection
for enclosure)/ (Explosion / Flameproof for NEC
Class-1, Division 1 area) / flame proof (IEC-79.1,
Part]). As applicable).

11 | Material of accessories SS 316

12 | Stability +0.1% or + 0.1°C of reading (whichever is great)
for 2 years in case of RTD inputs and for 1 year in
case of Thermocouples inputs.

13 | Operating Voltage 16 -48V DC

14 | Calibration As per NIST monograph 125 for T/C & European
Curve Alpha = 0.00385 for RTD.

15 | Ref. Junction compensation Provided

16 | Span/zero adjustment Locally adjustable, Non interacting

17 | Auto calibration Provided

18 | Burn out protection upscale Provided

19 | Input - outputisolation Provided

20 | Circuit ungrounded Provided
21 | Accessories Mounting arrangements including Clamps etc.
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Composite Accuracy For head mounted and DIN-rail mounted
type RTD < 0.4 % of 0 - 250 °C span
For dual-input type: 1
RTD <0.25 % of 0 - 250 °Cspan |

23 | For head mounted and DIN-rail | Temperature transmitters of this category shall
mounted type RTD < 0.4 % of 0 - | pe field mounting type & shall be capable of
}ngg dg :]p]ir;)u ttype: withstanding operating ambient temperature up
RTD < 0.25% of 0 - 250 °C span to 70 °C. These modules shall be connected to
- DDCMIS through field bus such as Profibus,
Foundation Field bus etc. directly from

thetransmitter. ;
Maximum Number of inputs per such
temperature transmitter shall be eight. These
shall be mounted in cabinets in n¢n -AC areas. As
an alternate, these signals from temperature
transmitters can be connected to DDCMIS
through standard remote I/0 modules of the DCS,
in which case, the temperatu%e transmitter
signals will be acquired through 4 - 20 mA input
modules in the remote 1/0 cabinet for connecting

to DDCMIS through remote I/0 bus.

Any RTD or Thermocouples shall be directly wired to DDCMIS/DCS/PLC for metal temperature
application, bearing & winding temp application only. :

The Temperature transmitter shall accept Universal dual inputs of all types iof thermocouples
& RTD, 0-5V input signals etc.

Temp. Transmitter shall be extremely stable against ambient temp varlaﬁlon the accuracy
figure shall be inclusive of effect due to ambient temperature variation.

Temperature Transmitters shall not be used for CLCS, OLCS, interlock& protection services
anywhere in the plant with RTD & Thermocouples. However RTD & Thermocouples are used
for control, interlock & protection application, same shall be directly wired to
DDCMIS/DCS/PLC using instrumentation & Extension cables respectively.

These transmitters shall be connected with duplex sensors and shall have bump less change
over facility to second sensor in case first sensor fails .This change-over is to be alarmed.

b) Resistance Temperature Sensors (RTD) with Thermowells ‘

Applicable Standard ~ |ASME PTC 19.3 - Latest Revision DIN EN

60751:1996, BS EN/IEC60751: 2008
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2 Element Platinum, R0=100 ohm 4-wire, Duplex for
Process Temp. Measurement Platinum, R0=100
ohm 3-wire Duplex for Bearing & Winding Temp.
Measurement

3 Sheath Material/ Insulation SS 316/Compacted Magnesium Oxide (Purity
above 99.4%)

4 Sheath O D 8 MM

Gauge 18 AWG

6 | Terminals Spring loaded high temperature ceramic base
with silver plated brass for high vibrating
locations.

7 Calibration As per DIN Standard - 43760/1EC 60751, Class A

8 Head Hex Head,
DieCastAluminium(Screwed)withgalvanized SS

9 Response Time 6-10 Seconds bare & 30 Seconds. With protective
sheath / thermo well

10 | Accuracy +0.35 ° C or Class-A whichever is better.

11 | Electrical connection Gold plated Plug in type. Double entry - one
unused entry with blind plug

12 | Enclosure Class IP-65 or better (Explosion/Flame proof for NEC
Class-1, Division 1 area)

13 | Response Time Repeat and contradictory.

14 | Accessories i. Adjustable nipple-union-nipple with thermowell
ii. Comgression fittings(unions Flanges etc. (for
flanged connectionsonly)

iii. SS 316 forged thermo well as per ASME
PTC (Latest version)
THERMOWELL

15 | Applicable Standard ASME PTC
19.3TW - 2016

16 | Construction Tapered drilled from Bar stock (Straight for Air
& Gas systems)

17 | Material SS316/F11/F22/F91 - water and steam Services
depending upon process parameters.

Inconel for air & flue gas services

18 Process Connection (iYM 33 x2
(i) SS 316 Flanged, for Air & Gas systems, with
mating flanges, fasteners, gasketsetc.
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S
Extension Threaded union (SS 316) 1/2" NPT (F) with two
nipples of SS 316 having 1/2"NPT(M) threads at
both ends

20 | Immersion length Within + 10 mm of centre line ofmpe and as per
ASME - PTC-19.3 - 2016 ;

21 | Extension neck length Minimum 100 mm above insulation of pipe and
Minimum 160 mm when there is mo insulation
on pipe.

22 | IBR Certification For high pressure service, Steam Temp.
measurement as per IBR rules and regulations

Note :
In case, Duplex RTDs are not provided by bidder due to system/eqlhpment
limitation, two no. simplex RTD shall be provided instead ofDuple)é RTD. Both
Simplex RTD shall be terminated at local ]B/Termination Box.

¢) Thermocouples (T/C with T/W) With Thermowells

1 Applicable standard ASME PTC 19.3- Latest Revision 'ANSI-MC 96.1
-1982,
2 Element Duplex W
3 Sheath 8 MM OD :
4 Sheath Material SS 316
5 Spring Loaded Yes
6 Nipple/Union Yes
7 Packed connector Compacted magnesium Oxide ungrounded
8 Type i. Type K (Chromel -Alumel)
i. TypeS/R (PlatinurnRhodiurn‘-Platinum)
ii. Type T (Cu-CuNi) with special limits to the
standards |
9 Gauge 16 AWG |
10 Head Die Cast Aluminium ‘
11 Electrical connection one unused entry with blind plug
12 Enclosure Class IP-65 or better (Exploswn/Flame\prooffor NEC
Class-1, Division 1 area)
Thermo well
13 Construction Tapered Drilled from Bar stock (Stralght for Air
& Gas systems)
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14 Material SS 316/F11/F22/F91 - water and steam Services

depending upon process parameters.
-Inconel for air & flue gasservices

Bidder shall provide calculation for thermo well
as per ASME - PTC-19.3 2016.

15 Process Connection SS 316 Flanged, for Air & Gas systems, with
mating flanges, gaskets, fasteners etc.

16 Extension Threaded union (SS 316) 1/2" NPT (F) with two
nipples of SS 316 having 1/2"NPT(M) threads at
both ends

Accuracy (Special Class as per IEC-751/ANSI-C-96.1)

17 | (For Type KT/C) + 1.1 °C (for 0 to 277 °C)
+ 0.4 % (for 277 to 1280 °C) Class-A
18 For Type S& R T/C +0.6°Cor+0.1%
19 For Type T T/C + 0.5°C or + 0.4%
20 Accessories Bolts, nuts and gaskets for flanged connections.

Response Time (Bare Thermocouple)

22 All applications 10 Sec.

23 | Immersion length As per ASME - PTC-19.3 - 2016

24 Extension neck length Minimum 100 mm above insulation of Pipe and
minimum 160 mm when there is no insulation
on pipe.

25 IBR Certification For high pressure service, Steam Temp., as per

IBR rules and regulations.

CJC Boxes are not required, Thermocouple cables shall be directly terminated at
Thermocouple I/P cards only.

Bidder may also provide Triplex Thermocouples as per process requirements.

d) Metal Temperature Thermocouples(MTE)

1 Measuring Medium Metal Temperature

2 Material of Thermocouple ChromelAlumel Type K
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Duplex with se'S;rate hotj

3 Type of Thermocouple unctions, ﬁk/\n‘érounded

4 Insulation Mineral Insulation Magnesium Oxide.

5 Thermocouple wire gauge 16 AWG

6 Protective sheath SS 321

7 Protective sheath dia 8 mm 0.D

8 Characteristics of Special limits of error as in ANSI tflermocouple

Thermocouple MC96.01.1975

9 Mounting accessories 1,” BSP SS Sliding end connector, weld pad,
clamps of heat resistant steel SS310

10 Cold end sealing SS pot seal with color coded PTFE}headed sleeve
insulated flexible tails. Sealing compound Epoxy
resin

11 Minimum bending radius 30 mm

12 Length of T/C 30 Meter. (minimum) ‘

13 Enclosure Class IP-65 or better (Explosion/Flame| proof for NEC

Class-1, Division 1 area)

e)

Temperature Switches(TS)

Type / Constructlon

1 Switch Industrial type inert gas filled wiﬁh capillary and
separable thermo well and contacts directly
connected to Bourdon element/vapour pressure
sensing, gas filled bellows type preferred.

2 Thermo well Bar stock

a Enclosure Class IP 65 or better/ (Explosion/Flame proof for
NEC Class 1/2, Division 1 area)/ flame proof
(IEC-79.1, PartI). As applicable.

Material

3 Bulb SS 316

4 Capillary Armoured Stainless Steel

5 Bourdon SS 316

6 Bourdon Movement SS 316

7 Casing Die-cast aluminium with stoved enamel black
finish Epoxy coating shall be proWded for
corrosive atmosphere.

8 Setting and Differential Adjustable
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9 Accuracy + 1 % of setting and differential
10 Repeatability One half (1/2) percent of setting.
Contacts

11 | Number DPDT/2 SPDT

12 | Type Auto reset with internal Adjustable snap action
micro switch

13 | Rating 5 Amp, 240V AC / 0.2 Amp, 220V DC

14 | Pipe Connection M33x2

15 | Extension Threaded union (SS 316) 1/2" NPT (F) with two
nipples of SS 316 having 1/2"NPT(M) threads at
both ends

16 | Thermo well To suit Temp. switch with same
design criteria as specified for RTDs.

17 | Electrical Suitable for Plug in type. All the switches are
internally connected and brought to the surface
with Amphenol male/female connection. Cabling
need not terminated inside the switch. Cable
ends are to be soldiered in connector and to be
inserted for easy maintenance.

Other Particulars

18 | Capillary length As per requirement (min 10 meters)

19 | Immersion Length Within + 10 mm of centre line of pipe with
adjustablenuts.

20 | Extension necklength Minimum 50 mm above insulation of pipe /As
per approved hook up drawings

21 | Packing glands Yes

22 | IBR Certification For high pressure service, Steam Temp. as per
IBR rules and regulations

23 |NB Switches designed for cross ambient operation
shall be used in applications where the ambient
temperature will approximate or exceed the
switch set point.

f) Temperature Gauges(TG)

1S : 3602,BS:5235 ISA:RP:8.1

Type/Construction
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2 Thermometer Industrial type, Gas in Filled type with separable
thermo well J
3 Thermo well Bar stock
Material
4 Bulb SS 316
5 Capillary Armoured SS {Applicable for capillary Tvpe)
6 Casing SS 316/ Die-cast aluminium with stoved enamel

black finish. Epoxy coating shall be provided for
corrosive atmosphere

7 Dial Size 150mm with shatter proof glass

8 | Scale Details 270 degree dial rotation/deflection. Graduations
in black lines on white dial provided with glass
cover. Smallest scale division sHall be one (1)
percent of full scale value or smaller Pointer stop
for all gauges

9 Accuracy * 1% or better
10 Response time Maximum 15 seconds without thermo well and
30 seconds with thermo well
Connection
11 Pipe M33x2
12 Thermo well To suit instrument with same deslgn criteria
specified for RTDs. ‘
13 Process Connection M33x2 :
(i) SS 316 Flanged, for Air & Gas systems, with
mating flanges, fasteners, gasketsietc.
14 | Extension Threaded union (SS 316) 1/2" NPT (F) with two
nipples of SS 316 having 1/2"NPT/(M) threads at
both ends J
15 Other Particulars |
16 Capillary length 5Meters/10 Meters as required
17 Immersion Length Within + 10 mm of centre line of pipe with
adjustablenuts.
18 Extension neck length Minimum 50 mm above insulation of pipe /As
per approved hook up drawings.
19 Stop at Maximum value For all gauges of scale
20 Pointer i) Externallyadjustable

ii) In general, Contact type Temp. Gauges are not
acceptable for interlock &protection.

iii) Contact type Temp. Gauges are# acceptable for
interlock & protection in c?se of bearing
temp.Only.

21 Over range protection 150 % of full scale
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o i
22 IBR Certification For high pressure service, Steam Temp. as per
IBR rules and regulations
23 Enclosure Class IP-65 or better (Explosion/Flame

proof for NEC Class-1, Division 1 area)

g) Test Thermo wells(TW)

1 Applicable Standard ASME PTC 19.3 TW-2016

2 Type/Construction Machined from Bar stock

3 Material SS316/F11/F22/F91

Connection

4 Pipe M33x2

5 Test Instrument To suit test instruments

6 Accessories Plug with chain

7 | IBR Certification For high pressure service, Steam temperature
measurement as per IBR rules and regulations.
Bidder shall provide calculation for thermo well
as per ASME - PTC- 19.3 TW - 2016.

1.03 Levellnstruments
a) Direct mounted level transmitter(LT)

Displacer type level transmitter shall not be used in the process anywhere in
the plant.

b)  Ultrasonic Level Transmitter (for Water sump/Tank levelmeasurements)

1 Principle of Operation Detection of reflected ultrasonic pulse

2 Measuring Ranges Up to 30 meters (typical)

3 Signal Processing Microprocessor Controlled Signal Processing

4 Operating Freq. 10 KHz to 50 KHz (typical)

5 Display Head mounted alpha-numeric backlit LCD/LED
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Calibration & Configuration Accessible from front of panel & HART calibrator.

7 Diagnosis On-line

8 Status For power, Hi / Lo /V.Hi / V. Lo- level
indication, fault etc.

9 Construction Plug-on board

10 | Power supply 240VACS50Hz / 24V DC j

11 | Signal Output 4-20 mA DC with HART (isolated)}— 600 Ohm
load. I

12 | Hysteresis Fully adjustable preferred \

13 | Output contacts 2SPDT Potential free changeover tontacts @ 8A
230V AC.

14 | Accuracy & Repeatability +0.25 % of span or better i

15 | Resolution + 0.1 % of span

16 | Temperature Compensation To be provided with Transducer.

17 | Operating temp. Transmitter-50 ° C and Sensor - 8J}O °C

18 | MOC Sensor Body- PVDF and Face - Polyurethane

19 | Humidity 1 % to 95 % non-condensing.

20 | Enclosure IP-67 Epoxy painted die cast Aluminium or SS
316L housing.

21 | Cable Connection 3/4"ET

22 | Mounting 2” = 4” NPT or flanged

23 | Accessories Cable gland, prefab cable, mountmg accessories
like EPDM seal, SS 316 ﬂanged etc. Additional
separate local display umt‘ with large
Alphanumeric back light LCD / LED & to be
provided for the applications which will be
decided during detailed engineering.
All weather canopy for protectibn from direct
Sunlight, lightening and direct rai{‘l.

Capacitance type Level Transmitter ‘

The total system shall consist of capacitance probe, pre-amplifier and

transmitter.

Capacitance type
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2 ';‘ijrobe ,:« a) Rod or suspen 2délé&tro e.
b) Rope type probes may be used only where
required probe length is greater than 3meters
3 Probe Mounting Stainless steel 1-1/2 ANSI RF Flange / 34“ NPT (M)
4 Material of construction SS 316
5 Insulation PTFE Part/Full as per service
6 | Transmitter The transmitter shall receive output of the
preamplifier and convert it into 4-20 mA DC output
signal.
7 Accuracy + 1% of Full scale
8 Repeatability + 0.5 % of Full scale
9 Load Min 600 Ohms
10 Enclosure Powder/Epoxy coated Die cast aluminium with
neoprene gasket conforming to IP-65. (Explosion
proof for NEC Class-1, Division 1 area).
11 Ambient temperature 0-60 °C.
12 Mounting Wall / Surface
13 Supply voltage 240V AC,50Hz / 24V DC
14 Response time 100 milli seconds or better
15 Cable connection %" ET
16 Accessories Counter flange, Cable gland, prefab cable if any
17 Preferable features Alarm output contacts with adjustable set point
facility

d)  Dual Path Transit Time Clamp-on Ultrasonic FlowMeter

The flow meters shall be of proven reliability, accuracy and repeatability requiring a minimum
of maintenance. They shall comply with relevant international standards and shall be subject to
owner'sapproval.

All accessories required for mounting/erection of this instruments shall be furnished, erected
and installed as necessary for completeness of the system though not specifically asked for. Also
the equipment shall include necessary cables, flexible conduits, junction boxes required for the
purpose.

Flow meters shall be provided with suitable environment protection devices/structures such

that they shall be suitable for continuous operation in the operating environment of a coal fired
utility station without any loss of function or departure from the specification requirements.
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Type" Transit time Clamp\‘ On Ultrasonic meter

2 Mounting Style Dual path with two sets of transducers on the
same pipe

3 Flow measurement Instantaneous Flow rate as well aF totalized flow.

4 Power supply 230V AC from UPS.

Outputs: Analog Current Isolated 4-20mA linear outputs for each

Binary path Contactrelay outputs, 2 NO +/2 NC for

Communication ports alarm RS 232 C digital, Hand held terminal
port ‘

6 Display/Indication Flow meter with LCD screen backlight based local
display and keypad, If required, transmitter shall
be suitably located away from the sensor for
better access and visibility.

7 Recording / Totalizing / | Yes. Should be able to compute cumulatlve flow

Logging Facilities over intervals selectable by owner ie., daily,
weekly, monthly etc. The data shall be stored in
the memory of flow computer for access in future

8 Software features Compensation for any cross path errors.
Programming, configuration, shall be possible
from front panel. ‘

9 Diagnostics False signal tolerance , power supply failure etc.

10 Protection class IP-65 'or better, Weather protection against
direct sunlight, rain etc. for Flow ." meter and
suitable for Cooling water for Tra?sducer

11 Accuracy +/-1%

12 Electrical connection Plug and socket

13 Pipe location Underground

14 Accessories All mounting hardware required like clamping
fixtures, mechanism to remove the transducers
online, interconnecting cables etc.

All weather canopy for protection from direct
sunlight and direct rain.
Material of all fittings shall be SS §16
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Type / Construction External float cage type with magnetic switch
actuator for tanks andvessels.
Materials
2 Body i.Cast Carbon Steel/Die cast Aluminium
suitablefor ~ specified  pressure and
temperatureratings
i.For corrosive liquids suitable anti-corrosive
coat/lining shall beprovided.
3 Float/Displacer SS 316
4 Wire rope SS 316
Differential + 12 mm minimum (Adjustable)
Contacts
6 Number DPDT/2 SPDT
7 Type Snap action
AdjustablemicroswitchAutoresetwithinternal
8 Rating 5A,240VAC/0.24A, 220V DC
9 Connection - Process 1 inch SCRD NPT Female or 1 inch ANSI Flanged 4
inch ANSI Flange for sump services.
10 Electrical Suitable for Plug in type connection
11 Temperature/pressure As per service conditions
rating
12 | Accessories Counter flanges, still pipe of requisite length with
anticorrosive coating for sump services.
Note:
Nuclear, capacitance, or ultrasonic type level switch for bulk material applications shall be
provided.
f) Capacitance type levelswitch

Capacitance type
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2 Pro a) Rod or suspendedelectrode
b) Rope type probes may be used only where
required probe length is greater tﬁan 3meters.

3 | Probe Mounting Stainless steel 1-1/2 ANSI RF Flange / %" NPT
(M)

4 Material of constructions SS 316

Insulation PTFE Part/Full as per service.

6 Enclosure Powder/Epoxy coated Die cast Aluminium with
neoprene gasket conforming to IP-65. (Explosion
proof for NEC Class-1, Division 1 drea).

7 Ambient temperature 0-60 °C.

8 Mounting On Top

9 Supply voltage 240V AC, 50Hz from UPS / 24V DC

10 Relay output 2SPDT

11 Contact rating 5 A min. at 240 V AC on resistive load

12 Response time 100 milli second or better

13 | Cable connection %" ET ‘

14 Accessories Counter flange, Cable gland, prefab cable and
stainless steel name plate engraved with alpha-
numeric. ‘

|
g) RF type levelswitch

Essential /M

A Electronic Controller

1 Input supply 240V AC from UPS

2 Construction Cast Aluminium Housing

3 Relay Output 2 Nos. Relay Changeover Potentiai Free Contacts(
2SPDT) ‘

4 Contact Rating: 5Aat 240 VAC & 0.25at 220V DC

5 Class of Protection IP-66

6 Ambient Temperature 55 °C(Max)

7 Local Indication Local LED Indications
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Green Normal Level
Red Alarm Level
Yellow Probe Healthy
8 Cable Connection 3/4” ET (2 Nos.) for Supply and Output & 5/8”
ET (1 No.) for ProbeConnection
9 Repeatability 100%
B Sensing Probe
1 Type of Probe Rigid
2 Material Stainless steel SS 316
3 Probe Head Housing Cast Aluminium
4 Insulation (B/W Active & PTFE
Shield And Shield & Ground)
5 Probe Head Protection IP-66
6 Mounting Side Mounted
7 Cable Connection 5/8” ET (1No.)
8 Process Connection 40 NB BSP THREADED
9 Signal Cable Coaxial cable for Connection Between Sensing
probe and electronic Controller (@ 10 Meters.
Per Level Probe)
10 Application Ash Silos

Float & Board type levelgauge

1 Type of Instrument Mechanical Type (Float Operated)
2 Service/ Application As per service requirement

3 Measuring Range as per requirement

4 Material Specification

a Float Material SS 316 having 2 nos. Guide wires
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Shall comprise of 2 nos. Cast Aluminium Pulley
hosing Assembly with SS 304 pulley and pulley
shaft. Steel ball bearings shall be provided in
pulley housing for easier float movement. Float
wire material shall be SS 316L. Between 2 pulleys,
17 NB G.I. short pipe with tentative length as per
P&ID

c Guide wire Assembly

CS chamber with spring and adjuster having 1”
Class 150 ANSI RF MS flange. Guide wire rope
shall be SS 316L.

d Counter Weight

MS counter - weight with Aluminipm Pointer
and Brass assembly Pull Chain.

e Scale SS 316/Aluminium material in mm with 1 %
accuracy.

5 Nozzle Details For float wire pulley assembly, one tapping and
for guidewire assembly two tapping at the top
of the tank; Size 1” NB (Top Mounting Type)

6 Process Connection Flanged as per ANSI B 16.5 to suit 1” NB nozzle
(Nozzle length - 150 mm for float wire, 100 mm
for guide wire)

7 Accessories (to be supplied with the instrument)

a Counter flange All mating Flanges, Nozzle

b Mounting Accessories All mounting accessories

c Tag Plate

To be provided (material SS 316) |

i

1.0.00 FlowInstruments

a) Mass flowmeter

Sensor

1 Measuring Principle Coriolis Mass flow.

2 Primary Element Flow Tube of SS 316 or better

3 Heating Arrangement Integral with Flow meter

4 Temperature Control To be provided.

5 For Heating Process ANSI RF Flanged and rating as per process
Connection requirement,

6 Drain Self-draining facility

7 Accessories Counter flanges, Mounting nuts, bolts, gaskets

etc.
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Transmitter
8 Measured quantities Mass Flow rate, Total Mass Flow, Density,
Temperature as minimum.
9 Input Signal Processing Digital Processing.

10 Display Digital Display (LCD)

11 Output 2 Nos. isolated output of HART, 4-20mA DC
selectable from four measured quantities

12 Load < 600 ohms

13 Power supply 240V AC, 50 Hz. From UPS

14 Accuracy 0.15% of measured value for Liquid & 0.5% of
measured value for Gas

15 Repeatability 0.05%

16 Housing IP 65 (Explosion proof for NEC Class-1, Division
1 area)

17 Hazardous duty Version FM Standards.

18 Nameplate Tag number, service engraved in stainless steel
tag plate

19 Accessories a)As required for field mounting, Handheld
configurator & complete Software, External zero
adjustmentfacility
b)Mounting U-bolts, nuts, bolts, prefab cableetc.

21 Fault Signal Instrument fault signal through DPDT/2 SPDT
for Diagnostics shall be provided and connected
to DDCMIS.

b)

i

Flow Transmitter(Ultrasonic)

Sensor
1 Type Ultrasonic, 2 Wired
2 Sensing Elements Non-contact
3 Output Signal 4-20mA with HART Protocol
4 Accuracy +0.1% FS
5 Supply 24V DC
6 Enclosure class IP-65
Transmitter
1 Mounting On Nozzle
2 Mounting Position Top Mounted
3 Housing Plastic
4 Display Head mounted LCD Display and remote LCD
display
5 Process connection NPT /Flanged
6 Electrical connection NPT
7 Turn Down ratio 1:100
8 Measuring range Adjustable (as per process requirement)
9 Totalizer Required
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10 Application Open channel cooling water flow measurement
11 Accessories As per process requirement Additional separate

local display unit with large Alphanumeric back
light LCD/LED & to be pro%ded for the
applications which will be decided during
detailed engineering. ‘

c) Positive Displacement FlowTransmitter

Positive displacement flow transmitters shall be offered. An electronic totalizer
shall be provided for each flow meter and the location of the totallzers shall be
acceptable to the Owner. Air eliminators shall also be prov1ded to ensure
maximum accuracy. :

1 Type Hall effect sensor
2 Body material AISI 316L/Die Cast Aluminium.
3 Wetted part Material (Like AIS1 316 L. / Die Cast Aluminium.
Piston, Bearing, gear etc.) ;
4 O ring material PTFE / higher based on temperature
5 Flow range As required ‘
6 Accuracy + 0.5 % or better of reading
7 Repeatability + 0.03 % or better.
8 Ambient temperature 502C
9 Mounting On-Line mounting with flanges of stainless steel.
10 Electronics Solid State
11 Power Supply 240V AC, 50 Hz. UPS
12 Display 4 Y digit LCD for Flow rate & totallzed value.
13 Output Isolated 4-20 mA DC
14 Turn Down ratio 1:30
15 Totalized Value Required
16 Housing IP-65/ (Explosion proof for NEC Cﬂass 1, Division
1 area)/ flame proof (IEC-79.1, Part I). As
applicable). |
17 Nameplate Tag number, service engraved in stainless steel
tag plate
18 Accessories a) Clamping strip, bracket, prefab cable, battery
etc. & Nuts, bolts, gaskets, meshetc.
b) Special tool kit forcalibration/configuration.

d)  Electromagnetic Flowmeter
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Electromagnetic flow meters shall have separate transmitter having accuracy
+0.2% with zero stability feature, suitable for process medium with >20 micro
Siemens /cm for Demineralised water for water / chemicals. Conductivity,
flanges material SS316, electrode &measuring tube material SS316, liner
material Teflon and enclosure IP-66, local digital display configurable as
totalizer, 4-20 mA output signal HART compatible with zero and span field
adjustable. Application - DM Water and for other application as decided

byowner.

Flow Gauges (FG) and Flow Gauge cumTransmitter

Essenti

1 Type / Construction a)On-line tifﬁe Rotameter for 50 Nb and
belowlines
b)Bypass type Rotameter for above 50 Nblines.
Material - For On line type
2 Metering Tube Borosilicate glass
3 Float SS 316
4 Packing Teflon
5 End fittings SS 304
Material - For Bypass type
6 Metering Tube Borosilicate glass
7 Float SS 316
8 Packing Teflon
9 End fittings SS 304
10 Orifice Plate S§S 316
11 Carrier ring SS 304
12 Flanges & Mating flanges Same as pipe material, 200 Ibs ANSI - RF
13 Impulse pipe Same as pipe material
14 Fittings 2000 ANSI, SW ends to match with pipe material.
15 Dial Size/Scale length 250 mm
16 Scale Details Direct reading type engraved on detachable
Aluminium scale
17 Output 4-20 mA DC output shall be provided so as to
have remote monitoring at OWS of respective
controlrooms.
18 Accuracy +2%
19 Reproducibility 0.5%
20 Rangeability 1:10
21 Connection SCRD NPT
22 Accessories a) Isolating valves (for Bypass typeonly)
b) Bolts, Nuts and Gaskets asrequired
23 Tests Shall be tested at 200 % of the maximum process

pressure
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Instrument airsystem

The instrument Air Supply System for various pneumatic Control & Instrumentation
devices like pneumatic actuators, power cylinders, I/P converts rs, pneumatically
operated valves etc. shall be complete in all respect with necessary Air Filter Regulators,
valves, piping/tubing etc.. Each pneumatic instrument shall have an individual air shut off
valve. The pressure-regulating valve shall be equipped with an internal filter, a 50 mm
pressure gauge and a built in filter-housing blow down valve.

Clean, dry, oil free instrument Quality air of the following quality shall be provided by
bidder for various pneumatic instruments/control drives & accessories:-

1. Nominalpressure : 7Kg/cm2gauge

2. Rangeofpressure : 3.5to 8.5Kg/cm2(g)
3. Dewpoint-402.CatNTP :+ 2°C at the abovepressure.
4, Maximumparticlesize  : 5 microns

Pneumatically operated equipment offered by the Bidder shall be designed to operate
with the above air supply and adequately cater to their respective vjluty within the full
range of pressure variation. Wherever required, moisture separator with auto drain valve
for vital instruments / actuator / analyzer may be provided in the airline by bidder.

The Bidder shall indicate system wise requirement of instrument air along with his
proposal and same shall be included in the compressor capacity as SUpplled Filter shall
be of minimum 5-micron size & sintered bronzematerial.

On collection of water in the drains of instrument air lines, mechamcal automatic drains
and periodically solenoid operated drains (with electronic timer - 15m, 30m, 60m and 2
Hours & Timing adjustable) are to be provided.

For mechanical type & Electrical type, the locations to be provided ir{ the instrument air
lines of boiler area, Chimney area, turbine area etc, shall be decided during
detailedEngineering.

Bulk header nearby the crowded applications shall be provided and from this bulk header
individual air lines with necessary isolation values are laid to the application.

These bulk header are to be provided with mechanical / electronic based automatic
Drains. Individual moisture separator for 02 analyser or vital appllcatlon shall be
provided nearby the instrument so as to enhance the cell life or the performance of vital
final controlelements.

Air Filter Regulator(AFR)
Air filter regulator along with gauges shall be provided in each of the
Air supply line to valve positioners / powercylinders
Air supply line to electric to pneumaticconverters.

Air supply line to pneumatic interlocked blockvalves.
Constant bleed type AFR with an accuracy of + 1.0 % inlet pressure range of 5-10

2o oo
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kg/ cm2 and suitable spring ranges (AFR) for use with positioners in control valves,
control damper, E/P convertors and shut off valves with sintered phosphor bronze
filter element; Filtering particles above five microns. IP 65 Weather and water proof
enclosure. Material of accessories will be SS 316. Body material of filter regulator
shall be Die Cast Aluminum or SS 316.

Technical Specification of Flue Gas Analysers

i. Flue Gas Oxygen/SOX/NOXanalyser / ammonia analyser shall be included.
ii. Each analyser shall be independent and shall not share power supply
modules,processor etc, with other analyser.
iii. All mounting accessories including mating and blanking flanges shall be in
vendor’s scope.

Technical Specification of Flue Gas Oxygen Analyser
a) Type Direct mounted Zirconia probe
(Non-heated In situ dry type for high Temperatureservice and
Heated In situ type for Low Temperatureservice) Zirconia probe
analyzer should have facilityof "in situ” calibration as well as easy
replacement ofZirconia cell. Zirconia cell protection shall be
byproviding ceramic filter of minimum 5 micron size atthe end of

probe.
b) Probe SS-316 (1800 mm long)
c) Output i) 4-20 mA DC HART for spare output

ii) 4-20 m Amp, DC HART,Separate outputs for DDCMIS.
Digital output HART/RS 485 port Modbus Protocol/Ethernet
TCP/1Pprotocol for communication with Plant DDCMISsystem.
Indication - Digital Alphanumeric Display.

Display of reading inengineering units shall be provided.

d) Power Supply 240V AC, 50 Hz from Plant UPS with redundant feeders

e) Accuracy + 1 per cent of span (or) better inclusive of linearity,
repeatability.

f) Repeatability + 0.5% of full scale

g) Ranges Programmable.

h) System response 90% of full scale Less than 3 seconds with test gases, with
actual process 20 seconds.

i) Connection Probe ANSI flanged

j) Calibration Analyser shall be calibrated using standard testgases whilst
the probe is installed in the flue gas.Analyser shall have built in
auto calibration facilityand comprehensive alarm facility.

k) Diagnostic Diagnosis facility shall be available and Alarm for failure of
heater, sensor voltage, failure of sensor, failure of thermo couple
etc., to be initiated and given with necessary alarm contacts.

1) Drift =+ 1% full scale per month

m) Operating temperature range
600-1600 deg. C (High Temp)
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0- 800 deg. C(Low Temp).

n) Accessories

L.

ii.

iil.

v.

Vi.

vii.

Viil

ix.

X.

Electronic unit housed in a rugged sheet steel enclosure (IP54) houses
transmitting system, probe heater control circuit etc. Elechromc unit shall be
separate from theprobe and not be head mounted. :

Calibration gas cylinder & accessories, reference air set, rota meters

Shield (316 SS), special cables, electronic control panel and Provision of SS316
stainless steel diffuser assembly of required thickness for the protection of
Zirconia cell.

Ownership certificate, pressure test certificate, explosion proof certificate for
standard gas cylinders shall be given and these will be used for next filling up
of standard gases. |

To validate the measurement, for mid-range value i.e. 6% of 02 with 94% N2,
standard gas cylinder to be supplied for each analyser. (% 02 shall be decided
depending on the supplier & method of calibration during detailed engineering.

Moisture separator unit for reference air shallbe installed for long life of
Zirconia cell.

Auto calibration system with necessarysolenoid valves SS316 tubing,
connector, zero & span gas, air purge lines etc.

Independent air lines with Isolation valves for left side & right side shall be
drawn frommain air header available in the Boiler area.

The construction of the sensor shall be suchthat joint between dissimilar
materials areavoided to prevent formation of cracks.

Any other accessories as required.

0) Air Purging System: To be provided as per requirements.

1.08 Technical Specification of Flue Gas (SOX/NOX) ANALYZER

1. Operating Principle : NDIR
2. Sampling/Non-sampling : Dilution
3. Type : Microprocessor based
4. Range :

a. SO2 :0-450 ppm

b. NOx : 0-500 ppm

C0/CO2 : 0-500 ppm
5. Accuracy : 1% F.S.
6. Response time (up to : Less than 5 (five) seconds
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90% of full scale)

7. Linearity : £19% of Full Scale

8. Repeatability : 1% of Span

9. Calibration : Automatic & Manual (Zero & Span)

10. Power Supply : 240V AC

11. Output signal : 4-20 mA DC each channel (with superimposed HART
signal) into 600 ohms

12. Alarm annunciation : Four relay contacts, Dual Alarm set points (240V AC,
5A)

13. Enclosure : Stainless Steel

14. Indication : LCD display

15. Operating Temp.Range :0-300°C
16. Accessories

a.

b
c.
d
e

PROJECT DN104

Interconnection cable (as required) in flexible conduits

. Tubes/Fittings, mounting brackets/pads as required

Purge system for cleaning

. Surge Arrester

Standard gas for calibration
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ANNEXURE - V

SPECIFICATION FOR CABLES, CABLE TRAYS AND CABLE GLANDS

CABLES - DESIGN CRITERIA

Cables shall be so designed and manufactured that damage does no}‘t occur in handling,
during transit, storage, installation and operation under any or all the climatic and
operating conditions which they may be subjected to. Outer sheath of cables shall have
rodent and termite repulsion property.

Cables shall be suitable for laying in conduits, ducts, trenches, trays oir for direct burial in
ground in both and wet locations. ‘

Cables shall be capable of operating satisfactorily under the power supply voltage and
frequency variations as specified in the specification. Current ratings and ratings factors of
cables shall not be worse than the ones specified in 1S-3961.

Performance characteristics of cables shall be based on the following conditions of laying:

1. All cables shall be laid in multilayer and touching each other.

2. Cables shall be suitable for laying in duct or buryiw:g in ground up to a
depth of 1.5meters with uncontrolled back fill and chances of flooding by
water.

Fillers in multiple conductor cables shall be flame retardant and moisture resistant.

All cables shall be provided with marking including manufacturef’s name, insulation
material, conductor sizes, no of pairs, voltage ratings, type of cable, etc, progressive
markings to read marking of the length of the cable at each meter interval and “FRLS”.

All cables shall be suitable for continuous operation at 85 °C except for high temperature
resistant Teflon insulated cables, which shall be suitable for continuous operation at 205
°C.

All spare contacts/terminals on relays, control switches, limit switches or similar devices,
process switches, duplex RTDs & Duplex T/Cs shall be wired to: accessible terminal
blocks/]Bs for Owner's future connections. ‘

All wiring leaving a junction box or enclosure shall leave from terminal blocks and not from
other devices in the enclosure.

Two (2) pair (individual & overall shielded) cables shall be provided for terminating the
thermocouples, transmitters & switches i.e. Analog & Binary signals to local JBs. Similarly
four (4) pair (individual & overall shielded)cables shall be provided for terminating the
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Duplex (3/4 wire) RTD to local JBs. 10% spare pairsor min 1 pair cable (whichever is
more) shall be provided with all type of cables.

Xi. Cable size & type shall be as below for different type of signals and control system.

1. Cables for analog signals shall be instrumentation cable of 0.5 sq. mm
copper conductor size,with individual pair shielding & over all shielding.

2. Cables for binary signals shall be instrumentation cable of 0.5 sq. mm
copper conductor size, with individual pair shielding.

3. Cables for binary signals in Fire protection & detection system shall be
instrumentation cable of 1.5 Sq.mm conductor size, overall shielded.

4. Cable for power supply to each solenoid valves shall be control cable of 3C
x 2.5 Sq.mm copper conductor size.

5. For cables single length more than 500 meters, the size of conductor shall
be 1.5 sq. mm only irrespective of type of signals.

1.1 INSTRUMENTATION CABLES
51. No. Parameter Value/Requirement
IS-1554, 1S-5831, 1S-8130, IS-10418,
1. . [S-10810, VDE-0815, IEC-332, IEC-754,
Applicable Standards IS-3975,ASTM-D-2843, ASTM-D-2863,
SS-4241475 & BS-5308
2. | Voltage grade % 660V/1100V
3 Temperature Rating g5
' &Shortcircuit withstand °C
. 160
Rating
4. Conductor:-
a. No. Of Pairs and Area of
Conductor 0.5/ 1.5 Sgmm
b No. of Strands / Strand 7/0.307 for 0.5 sqmm & 23/0.3 for 1.5
' Dia.(for finished cable) of No./ mm | Sq.mm
Strand (Stranded & Non-compacted)
¢ Material Annealed, Tinned, Copper Conductor
d High Conductivity, Electrolytic grade
' Grade / Standard Copper to
IS-8130
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SL. No. Parameter Value/Requiremeq‘t

5. Insulation :-

4 | Material HR PVC

b. Type and Standard Type-C, as per 1S-5831

C. . . 0.6 mm for 0.5 sq.mm. cable &
Thickness (Nominal) mm 0.8 mm for 1.5 Sg.mm. Cable

d. Method of application Extruded

€ | Pair Identification As per Data sheet (lause No. 32

£ | Yolime ResistViy asperl>™ | g em | 3.5x104@27°C&35x101@85°C

6. . Twist/m
Lay for Pairing otre 20

7. Direction of Lay Right hand

8. No. of Pairs for making a . R .
bundle 4 pair (Not applicable for 2 pair cable)

9. : . Twist/m i
Lay for laid-up Pairs otre 4-6 i

10. Lay for Laid-up Bundle Twist/m | 2 -3 (Notapplicable for 2 & 4 pair

etre cable)

11. Binding material

a. Type of Material Mylar Tape

b. Thickness (min) mm 0.028

¢ Coverage (min) % 100

d. Overlap (min) % 25

12 Non-Hygroscopic with FRLS property

" | Fillers (wherever applicable) suitable for the operating temperature
of the cable. Fillers: shall not be sticky

13. | shielding :-

a. Type of Material Aluminum Backed Mylar Tape

b. . . . For Pair Shielding EB Micron,
Thickness (min) MICTON | Bor Overall Shielding 60 Microns

¢ Coverage (min) % 100

PROJECT DN104
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Sl. No. Parameter Value/Requirement
d. Overlap (min) % 25
14. Drain wire for shielding
& Material Annealed, Tinned Electrolytic Copper
b. No. of strands / Dia. of No./ mm | 7/0.3
strand
¢ Area of cross section sg.mm 0.5
15. Inner Sheath :-
& Material HR PVC with FRLS Properties
b. Type and Standard Type-ST2 as per 1S-5831
¢ Thickness (minimum) mm As per1S-1554
d Method of application Extruded
¢ | Colour BLACK
f. . Non-metallic Rip cord shall be
Rip Cord provided under inner sheath
16. Armouring :-
& Material Galvanized Steel
b- | standard As per 1S-3975 & IS-1554
¢ Direction of lay Left Hand
d. . . Wire Armour - 1.4 mm dia
Shape and dimension Strip Armour - 4 mm x 0.8 mm
Cables having the calculated diameter
over inner sheath, up to & including 13
mm will have Wire Armour, as per IS-
e. 1554.
Type of Armour
Cables having the calculated diameter
over inner sheath, greater than 13 mm
will have Strip Armour, as per IS-1554.
17. Outer Sheath :-
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Sl. No. Parameter Value/Requiremenzt
a Material HR PVC With FRLS Properties
b. Type and Standard Type-ST2 as per 1S-5831
¢ Method of application Extruded
d. Thickness (minimum) As per IS-1554
© | Colour BLACK ‘
“Manufacturer’s name, Year of
18. | Cable Marking on Outer ma?nufacture, Type (?flnsulatlon, Nf)' of
sheath pairs & Conductor size, Voltage rating,
Type of Cable, FRLS” embossed @ 1
metre interval. |
19. | Sequential marking on Every 1 Metre for Progressive Length
Outer sheath by printing.
20. T_olerance on Outer mm + 2
diameter
1 Tolerance on Outer
" | diameterfor the entire mm 1
length
22. Ovality mm 1
.. ‘
23. Bending Radius $m1mu 12 times the OQuteridiameter
24. Standard Packing Length metre 1000
25. Toler'ance on standard % 45
packing length |
26. Non-standard Length Last length shall be supplied in single
length
Electrical Parameters
27. 05
Parameter Unit 2 $G.m. 1.5 sq.mm. Cable
Cable ‘
a. Conductor DC Resistance
4 .
(max.) @ 20° C Q/km 78 24.6
b. Short circuit rating of 3
conductor for 1 second KA 0.052 0‘1?56
C. Characteristic impedance @
0.8Khz Q/km 370 230
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Sl. No.

Parameter Value/Requirement
d. Insulation Resistance
(min.) @20° C M@ /km | 100
e. Mutual Capacitance (max.)
@ 0.8 KHz nf/km - 120
f. Attenuation (max.) @ 0.8 dB/ 011
KHz 100m '
g Attenuation (max.) @ 10 dB/ 0.29
KHz 100m '
h. Cross talk (min.) @ 0.8 KHz | dB/km | 70
i. Coupling capacitance @ 0.8 | pF/ 200
KHz (max) 100m
. Test Voltage -
) BetweenConductor- KY/ 2.0
minute
Conductor
Test Voltage - Between:
k. Conductor - Shield KV/ 20
(min.)KV/minute 500 V for | minute '
1 Minute
28. | FRLS Properties of Inner & Outer Sheath :-
Oxygen Index @ ambient
a. temp. As per ASTM-D- o Not Less than 29
2863 °
b Temperature Index @
: oxygen index 21 As oC Not Less than 250
perASTM-D-2863
C. Smoke density rating As o Shall not be more than 60
perASTM-D-2843 0
d. Acid gas generation As o o .
per 1EC 60754-Part 1 Yo Shall not be more than 20% by weight
Flammability Tests As per IEC-
® | 60332, Part-3, Category-B, SS- Shall pass
4241475, Clause-F3
29. Special Requirements:-
Anti-rodent, Anti-termite & Moisture
a. Outer sheath material shall have resistant properties. Presence of Lead
shall be confirmed
0 Colour coding and Numerical order of cores = As per VDE-0815
30. The twisted pair of conductors are identified by 8 colours
| Pair | Colour
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SLNo. | porameter Value/Requirement
1 Blue & Red |
2 Grey & Yellow
3 Green & Brown
4 White & Black

The 4 pairs of conductors with the above colours are called 1bundle. The cable
will have number of such bundles according to the total number of pairs.
The same colour appears in different Bundles.

The Numerical order of the cores are identified by coloured Rings (ranging
from 1to 4) on the insulation @ 50 mm interval.
This clause is not applicable for 2 pair and 4 pair cables.

Cable 8 Pair, 12 Pair, 16 Pair, 20 Pair, 24 Pair, 28 Pair, 32
Pair, 36 Pair, 40 Pair, 44 Pair & 48 Pair

Bundle Number | 15t Bundle | 2nd Bundle | 37 Bundle | 4th Bundle

Number of

Rings

Colour of Ring Pink

1 2 3 4

20 Pair, 24 Pair, 28 Pair, 32Pair, 36 Pair,§40 Pair,

Cable 44 Pair & 48 Pair
TH
Bundle Number > 6th Bundle | 7th Bundle | 8t Bundle
Bundle J
N}lmber of 1 2 3 4;
Rings ;

Colour of Ring Orange

Cable 36 Pair, 40 Pair, 44 Pair & 48 Pair

dle Number | 9t Bundle | 10" 11e 12 Bund]
Bundle Number undle Bundle Bundle Bundle
N_umber of 1 2 3 4
Rings

Colour of Ring Violet

EXTENSION & COMPENSATING CABLES

Applicable Standards : ANSI MC96.1; 1S:1554(Part-1) 1S:5831-1984

Type : Single / Multipair twisted andshielded type as per
ANSI M(C96.1 }

Conductor Size : 1.31sgmm, solid alloy (16 AWG)

Conductor Diameter : 1.29 mm
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Insulation : PVC insulated, heavy duty, Self extinguishing type.
Black Colour coded extruded PVC inner sheathed
with overall PVCsheathed Type ST2 FRLS IS: 5831.
Insulationof each wire with high grade 0.6 mm 85
deg.CExtruded HR PVC Type C as per IS:
5831,voltage grading shall be 1.1 kV.

Lay: Twisted pairs within 50 mm max. lay.

Shield : Single pair cable assembly only. Multiple pair - each
pair and cable assembly. Each conductor shall be
individually and overall shielded Through
aluminiummylar tape min 0.06 mm (0.075 mm) with
min 25% overlap & 100% coverage and 7 strand 20
SWG minimum size tin coated copper drain wire.

Outer sheath FRLS HR PVC type ST-2 tolIS:5831. Colour as per
ANSI standard.

Conductor Identification : as below

Armour : Galvanised steel wire/strip to 1S:3975

Multiple pair identification : Each pair numbered every 250 mm.

Electrical Parameters:
Thermo electric specification, limit of error shall be as per IEC, ANSI

Description KX type SX/RX Type TX Type
E.M.F at 100 Deg.C 4.095mV 0.646/0.647 mV 4.279 mV
E.M.F at 200 Deg.C 8.137mV 1.441/1.469 mV 9.228 mV
Tolerance + 2.2 2C from + 1.5 2C from 0°C +1.0eC from
0°C to 200°C to 2002C 0°C to 100°C

Conductor loop resistance for

1.31sq. mm (16 AWG) size as
per ANSI MC96.1 at 20 760 (Typ) 95 (Typ) 390 (Typ)

Deg.C Ohms/K.Mtr

Insulation Resistance (min) : 100 M ohm x KM
Mutual Capacitance at 0.8 resp. 1 KHz (max)
- Single pair and pair screened : 120nf/KM
- upto 4 pair overall screened : 96 nf/KM
- above 4 pairs overall screened : 80 nf/KM

CABLE DETAILS

ANSI Type Conductor Material ANSI Colour Code
Positive Negative Positive | Negative | Overall

KX type Extension (Nichr/NiAl)

cable for K type (NICR/NIAI) Alumel] Yellow Red Yellow
Cromel

Thermocouple

SX/RX type Cu (Copper) Cu (Copper- Black Red Green
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Compensating Ni Nickel

cable for type S & alloy)

R thermocouple

TX type Extension Blue

cable for type T Cu (Copper) Constantan Red Blue

thermocouple

1.3

1.3.1

I

ii.

il

il

iv.

1.3.2

L

CONTROL & POWER CABLES
Technical Requirements

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

Cable Identification

Outer sheath shall be of PVC (of suitable grade)} & black in C(Jlour. In addition to
meeting all the requirements of Indian standards referred to, outer sheath of all
thecables shall have the following FRLS properties.

a. Oxygenindex of min. 21 (As per NES-715-1). |

b. Acid gas emission of max. 20% (As per IEC-60754-1). ;

c. Smoke density rating shall not be more than 60% during Smoke Density Testas
per ASTMD-2843.

All cables shall meet the fire resistance requirement of IEEE-383 with
cableinstallations made in accordance with clause “Flammability test” and as per
Category-Bof IEC-60332 Part -3.

Allowable tolerances on the overall diameter of the cables shall be 2 mm
maximumover the declared value in the technical data sheets. i

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

Cable selection & sizing
Cables shall be sized based on the following considerations:

a. Rated current of equipment.

b. Maximum voltage drop limits under steady state and durmg starting for
motorbeing fed from 415V switchgear restricted to 5% and 1‘0% respectively.

c. Maximum voltage drop limits under steady state for feeder (i.e. outgoingfeeders
being fed from 415V switchgear) restricted to 3%.
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d. For cables to motors and feeders protected by MCCBs the cross section will
bechosen according to the tripping time of MCCBs.

Derating Factors

Derating factors for various conditions of installations including the following shallbe
considered while selecting the cable sizes:

a. Variation in ambient temperature for cables laid in air.
b. Grouping of cables.
c. Variation In ground temperature and soil resistivity for buried cables.

Cable lengths shall be considered in such ways that straight through cable joints
areavoided.

iv.  Cables shall be armoured type if laid in switchyard area, coal handling area ordirectly

buried. All LV power cables except trailing cables shall be XLPE insulatedFRLS.
v.  All control cables shall be 2.5 Sq. mm copper cable.

Vi, Multicore control cables will generally have spare conductor (s) in accordance withthe
following chart and cores of a single cable will not be split for different
auxiliary/equipment:

Conductors Required Cables
lor2 :1-3/C
3or4 : 1-5/C
S5or6 :1-7/C
7or8 :1-10/C
9or10 :1-12/C
1lor12 :1-16/C
13 or 14 :1-18/C
Above 14 core : Two or more of above cables
1.4 CONTROL CABLES
S1. No. Parameter Value/Requirement

IS-1554,1S-5831, 1S-8130, 1S-10418, IS-
10810, VDE-0815, IEC-332, IEC-754,1S-
3975

ASTM-D-2843, ASTM-D-2863, SS-4241475

Applicable Standards
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S1. No. Parameter Value/Requirement
2. _ 3 Core, 5 Core, 7 Core, 10 Core,12 core
Varieties of cable 16 Core & 18 Core (as applicable)
3. Voltage grade \Y% 1100 |
4 Temperature Rating 70
" | &Short circuit withstand oC
: 160 :
Rating |
5. Conductor:- :
a | Area of Cross Section Sqmm. | 1.5
b No. of Strands / Strand No./ mm i
" | Dia. (Finished cable) of 7/0.53 (Stranded & Non-compacted)
Strand
¢ | Material Annealed, Plain Copper Conductor
d. High Conductivity, Eledtrolytic grade
Grade / Standard Copper to 1S-8130 i
6. Insulation :-
4| Material HR PVC
b. Type and Standard Type-A, as per 1S-5831
€ | Thickness (Nominal) mm 0.8
d. Method of application Extruded
€ | Core Identification As per IS-1554
f. | Volume Resistivity as per O cm 1x1013@ 27°C & 1 x 1019@ 70 °C
1S-5831 ‘
\
Non-hygroscopic with FRLS property
7. . . suitable for the operating temperature of
Fillers (wherever applicable) the cable. Fillers shall not stick to the
insulation and innersheath
8. Inner Sheath :-
- | Material HR PVC
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53

S1. No. Parameter Value/Requirement
b. Type and Standard Type-ST1 as per [S-5831
¢ | Thickness (minimum) mm As per I1S-1554
d. Method of application Extruded
€| Colour BLACK
9. Armouring :-
2 | Material Galvanized Steel
b. Standard As per 1S-3975 & 1S-1554
¢ | Direction of lay Left Hand
d. Shape and dimension Single layer round steel wire
10. Outer Sheath :-
a | Material HR PVC With FRLS Properties
b. Type and Standard Type-ST1 as per 1S-5831
¢ | Method of application Extruded
d. Thickness (minimum) mm As per 1S-1554
€| Colour BLACK
“Manufacturer’s name, Year of
11.| Cable Marking on Outer manuizga:cture, Type o_f Insulation, N(_). of
sheath cores & Conductor size, Voltage rating,
Type of Cable, FRLS” embossed @ 1 metre
interval.
12.| Sequential marking on Every 1 Metre for Progressive Length by
Outer sheath printing.
13.| Tolerance on Outer
. mm +2
diameter
14 Tolerance on Outer
'| diameterfor the entire mm 1
length
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. 1
S1. No. Parameter Value/Requirement |
15. Ovality mm 1
16. Bending Radius Emlmu 12 Times the OD ofthe}Cable
17. Standard Packing Length [ metre 1000
18. Toleljance on standard % iE |
packing length |
I 5. . .
19. Non-standard Length Last length shall be supplied in single
length
20-| Electrical Parameters :-
a. | Conductor DC Resistance
(max.) @ 20°C €/km 122
b. | Short circuit rating of
conductor for 1second KA 0.156
c. | Insulation Resistance
(min.) @20° C MG/km | 100
Test Voltage -
d. BetweenConductor- K\.// 3 KV for 5 Minute
minute
Conductor
21| prLS Properties of Inner & Outer Sheath :- |
a. | Oxygen Index @ ambient |
temp. As per ASTM-D- o Not Less than 29 |
2863 ’
b. | Temperature Index @ ;
oxygen index 21 As oC Not Less than 250 ‘
perASTM-D-2863 |
c. | Smoke density rating As o Shall not be more than 60
per ASTM-D-2843 0 (Light Transmission shall be 40% average)
d. | Acid gas generation As |, 1 o .
per IEC 754-Part 1 Yo Shall not be more than120 % by weight
€. Flammability Tests As per approved Quality plan
22. Special Requirements :- :
a. | Outer sheath material shall Resistance to water, fuhgus, rodent and
have termite attack
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1.5 POWER CABLES
SL. No. Parameter Value/Requirement
IS-7098, 1S-5831, 1S-8130, 1S-10418, IS-
L | Aoplicable Standards 10810, IEC-332, IEC-754, 1S-3975,IS-5082
pplicable stancar ASTM-D-2843, ASTM-D-2863, SS-4241475
&
2. Varieties of cable 2 Core, 3 Core, 4 Core
3. Voltage grade \% 1100
4 Temperature Rating 90
" | &Short circuit withstand °C
. 250
Rating
5. . As per Constructional diagram enclosed
Construction of cable with this Data sheet
6. Conductor:-
a. | Area of Cross Section Sq.mm. 25> Cop}_ner/ 16 sq.mm. = Aluminium
(or as applicable)
b No. of Strands / Strand 2.5 Sg.mm - 7/0.68
" | Dia. (Finished cable) of No./ mm
Strand 16 Sqmm -7/ 1.71
c. . Annealed, Plain Copper Conductor or
Material Aluminium (As Applicable)
High Conductivity, Electrolytic grade
Copper to
d. [S-8130, Non-compacted.
Grade / Standard MultistrandedAluminium to 1S-8130
(Class-2),
H2 grade, compacted
7. Insulation :-
& | Material XLPE
b. Type and Standard As per IS-7098, part-I
© | Thickness (Nominal) mm 0.7mm

PROJECT DN104 TDN:SCR:001/ Part lll Page 71 of 108




I E ("‘I?-W’I

PROJECT: DN 104

]
\
S1. No. Parameter Value/Requirement |
d. Method of application Extruded
Core [dentification as o 2 Core > Red & Black, 8 Core > Red,
© ooog omaPEr Yellow & Blue and 4 Core > Red, Yellow,
Blue & Black
f. | Volume Resistivity as per O cm 1x10 @ 27°C & 1x 1022 @ 90 °C
[S-7098
Non-hygroscopic with 13RLS property
8. | . suitable for the operating temperature of
Fillers (wherever applicable) the cable. Fillers shall not stick to the
insulation and inner sheath
% | Inner Sheath - |
i
4 | Material HR-PVC |
b. Type and Standard Type-ST2 as per [S-5831
¢ | Thickness (minimum}) mm As per 1S-7098 :
d. Method of application Extruded |
€ | Colour BLACK J
10. Armouring :-
4| Material Galvanized Steel
b | Standard As per 1S-3975 & IS-7098
¢ | Direction of lay Left Hand
d. Shape and dimension Single layer of round steel wire
11, Outer Sheath :- ‘
2| Material HR-PVC with FRLS Properties
b. Type and Standard Type-ST2 as per IS-5831
|
\
€ | Method of application Extruded |
d. Thickness (minimum}) mm As per [S-7098
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3. No. Parameter Value/Requirement
® | Colour BLACK
“Manufacturer’s name, Voltage grade, Year
12.| Cable Marking on Outer of manufacture, Type of Insulation,
sheath Number of Cores & Size of conductor,
FRLS” embossed @ 1 metre interval.
13.| Sequential marking on Every 1 Metre for Progressive Length by
Outer sheath printing.
14.| Tolerance on Outer
. mm +2
diameter
15 Tolerance on Outer
"| diameterfor the entire 1
mm
length
16. Ovality mm 1
17. Bending Radius ;xlnmmu 12 Times the OD of the Cable
18. Standard Packing Length | metre 1000/500 as per Purchase Order
19.| Tolerance on standard o
packing length % 5
20.| Non-standard Length Last length shall be supplied in single
length
21. Electrical Parameters :-
Size (Sq.mm) Value (Q2/km)
a. | Conductor DC Resistance (max.) @ 2.5 (Cu) 7 41
20°C i i
16 (Al) 1.91
Size (Sq.mm) Value (KA)
b. | Short circuit rating of conductor for 2.5 (Cu) 0.36
1 second - i
16 (Al) 1.51
c. | Insulation Resistance
(min.) @20° C MQ/km | 100
Test Voltage -
d. | BetweenConductor- KV/ .
Conductor as per IS-7098 | minute 3 KVfor 5 Minute
PART-I
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i \
S No. Parameter Value/Requirement

22. FRLS Properties of Outer Sheath :-

a. | Oxygen Index @ ambient

temp. As per ASTM-D- o Not Less than 29

2863 ’
b. | Temperature Index @

oxygen index 21 As per |, C Not Less than 250

ASTM-D-2863 ‘
c. | Smoke density rating As o Shall not be more than' 60

per ASTM-D-2843 0 (Light Transmission shall be 40% average)
d. | Acid gas generation As |, ‘ 0 .

per [EC 754-Part 1 Yo Shall not be more than20% by weight
€. Flammability Tests As per approved Qualitjiy plan
23.| gpeci . )

pecial Requirements:- ‘

a. Resistance to water, fuhgus, rodent and

QOuter sheath material shall have .
termite attack

CABLE TRAYS, FITTINGS & ACCESSORIES

i. Cable trays shall be ladder type as specified complete with matching fittings
(likebrackets, elbows, bends, reducers, tees, crosses, etc.), accessories (like side
couplerplates, etc.) and hardware (like bolts, nuts, washers, G.I. strap, hook etc.)
asrequired. Cable tray shall be ladder type for power & ﬁcontrol cables and
perforatedfor instrumentation cables.

ii. These shall be either prefabricated hot dip galvanized sheet steel trays or
sitefabricated angle iron trays free from flaws such as lamina{ions, rolling marks,
pittingetc. These (including hardware) shall be hot dip galvanized as per relevant IS.

iii. Cable trays shall have standard width of 150 mm, 300 mm & 600 mm and
standardlengths of 2.5 metre. Minimum thickness of mild steel sheets used for
fabricationof cable trays and fittings shall be 2 mm. The thickness of side coupler plates
shallbe minimum 3 mm.

iv. Cable troughs shall be required for branching out few cables from main cableroute.
These shall be U-shaped, fabricated of mild steel sheets of minimumthickness 2 mm
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and shall be hot dip galvanized as per relevant IS. Troughs shall bestandard width of 50
mm & 75 mm with depth of 25 mm.

v. Prefabricated hot dip galvanized sheet steel cable trays shall be used for
maximumsupport span of 2000 mm unless design is approved for larger span. Cable
trays shallbe suitable for a cable weight of 100 Kg/meter running length of tray.
Minimumthickness of sheet steel/galvanizing shall be 2mm/86 microns respectively.
The amount of zinc deposit shall not be less than 610 gm per square meter.

vi. Cable trays fabricated from standard rolled sections shall be
50x50x6/75x75x6sections for runners for supporting spans limited to 2000 mm/more

than 2000 mmrespectively. Cross support shall be 32x6 mm / 50x6 flat for widths up
to500mm/more than 500mm respectively.

CABLE GLANDS
i. Cable glands shall conform to BS-6121 and be of robust construction capable
ofclamping cable and cable armour (for armoured cables) firmly without injury to

insulation.

ii. Cable glands shall be made of heavy duty brass machine finished and nickel chrome
plated.

iii. Thickness of plating shall not be less than 10 micron.

iv. All washers and hardware shall also be made of brass with nickel chrome plating
Rubber components shall be of neoprene and of tested quality.

v. Necessary cable dimensions shall be furnished to the successful contractor.

vi. Cable glands shall be single compression for indoor use, double compression type for
outdoor use.

vii. Glands for classified hazardous areas shall be double compression type.
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ANNEXURE-W

SPECIFICATION FOR LOCAL CONTROL PANELS, LIR/LIE, JUNCTION BOX; & ERECTION

MATERIALS

1.0 LOCAL CONTROL PANEL

PROJECT DN104

a. The cabinet mounted equipments shall be fully assembled, installed in

mounting racks, wired and fully tested as per specification requirements
and Owner approved drawings in the manufacturing works of a qualified
manufacturer prior to shipment to the project site. The Bidder shall ensure
that the cabinets are complete and ready for installation before dispatch
from manufacturing works. The installation work at project site for these
cabinets should only involve connections through multi pair cables from
marshalling cabinets (wherever provided) to system cabinets and inter-
cabinet/cabinet to UCD/UCP/BUP.

. The Control cabinets shall house all types of modules / hardware to achieve

all functions of Control System including signal conditioning modules,
controller modules, I/0 modules, communication controller modules, and
all other requisite hardware for a complete system.

Local control panel shall be of 2.5 mm steel construction, freé standing type,
totally enclosed dust and vermin proof with enclosure prortectlon class of
IP-55 as per IS: 13947 and colour shall be as per shade no. RAL 7032/7035.
Panel shall be mounted on vibration dampers secured to steel frame on to
the floor. Equipment and relays mounted on the panel shall be easily
accessible.

The panel shall be supplied completely wired up to terminal blocks for
connecting external cables entering the panel from the bottom.

Blank removable gland plate shall be provided with double compression
type cable glands/conduits knockout along with the panel. .

Terminal block shall be rated 600 volts minimum and shall have strap cage
clamp type screw less terminals suitable for connection with 2x2.5 sq. mm
copper conductors on each side.

. Terminal block shall be provided with white marking strips. Fuses shall not

be mounted on terminal blocks. At least 20 percent spare unused terminals
fully wired shall be provided on terminal block.

Contactors, Relays, timers and other devices mounted on the panel shall
have clearly visible identification marking Separate contactors shall be
provided for start & stop command. Common contactor for start & stop
command are not acceptable. All fuses shall be HRC semiconductor type of
AC supply. HRC link & fuse shall be of removable type having 45 kA
rupturing capacity (min) for protection of various circuits.

The panel shall be provided with a 50x6 mm tinned coppel earthing strip
running throughout the length of the panel at the bottom.
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k. Panel shall be provided with space heaters with isolating DPN MCB, and

thermostats. LED based illuminating lamps, complete with door switches;
and 1 no. 6 pin 5/15amps sockets with DPN MCB.

Separate power supply feeder shall be provided for utilities. Panel shall be
provided with LED illuminating lamps with door switch and 6 point 5/15A,
240V AC socket with switch for maintenance purposes.

. Panel shall have removable lifting eye bolts for safe lifting from top during

handling. The panel shall be provided with push buttons, indicating lamps,
annunciators, indicating instruments, interlock/ de-interlock switches etc.,
required for the complete system.

. 20% spare relays of each type and rating shall be mounted and wired in

relays control panel/Desk. All contacts of relays shall be terminated in
terminal blocks of relay control panel/Desk, Additionally in the relay
control panel/Desk, 20% spare terminal blocks shall be provided so that
additional relays can be mounted and wired.

. The annunciation system shall consist of panel mounted audio-visual

windows of 50x75 mm provided with plug-in-type solid-state logic 16 nos.
high intensity LEDs in parallel. Each relay based control panel shall be
provided with 30 nos. min. facial windows. Initiating contacts may be either
NO or NC; a jumper or switch shall be provided in each card to make it
suitable for either type of contact. A set of acknowledge, reset and test push
buttons shall be provided on the panel. All printed circuit boards shall be of
epoxy fibre glass construction.

The sequence of annunciation shall be as follows:

S No. | Condition Visual Audiable

1 Normal OFF OFF

2 Alarm Flashing ON

3 Acknowledge Steady OFF
Return to Normal

4 Before acknowledge Flashing ON

5 After acknowledge Steady OFF
Reset

6 Alarm condition No change No change
Return to normal OFF OFF
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2.0 LOCAL INSTRUMENT RACK (LIR) / LOCAL INSTRUMENT ENCLdSURE(LIE)

Transmitters and switches located in the field shall be grouped together and shall
be installed in the enclosure (closed transmitter racks) in case of outdoor area such
as Boiler area etc. And, in open type Rack in case of covered area; Racks shall be
factory prefabricated & painted and complete with internal tubing, manifold valve,
isolation valves, integral junction boxes with outside access door, illumination etc.
Racks used for furnace, flue gas and air application shall be provided with
intermittent & continuous air purging.

2.0.01 Closed Type Instruments / Transmitter Racks

PROJECT DN104

Required number of Instruments / transmitter racks shall be furnished to
house transmitters, switches and converters by grouping them suitably,
area wise / function wise.

. The transmitter enclosure shall be constructed of 3 mm thick steel plate.

The enclosures shall preferably be of modular construction and with two
end plate assembly bolted to the frame.

The enclosure shall approximately be 1200 millimeters wide, 1000
millimeters deep and 2200 millimeters high to allow easy access to the
internals. Racks shall be reinforced as required to ensure triie surfaces and
to provide adequate support for instruments and equipment mounted
therein. Double interlocking doors with three point locking arrangement
shall be provided and shall be arranged for maximum possible access to the
interior. Centre posts or any member which would reduce access shall not
be provided. ‘

. Doors shall have concealed quick removal type pinned hinges and locking

handles. Doors locks shall accept the same key all over the plant. Neoprene
material Gaskets shall be used between all mating sections to achieve dust
proof enclosure rating for the modules and an IP-65 waterproof and dust
tight rating on the terminal boxes. All Enclosures shall have access doors on
front side.

Bulkheads, especially designed to provide isolation from process line
vibration shall be installed on modular bulk head plates of the transmitter
enclosures to meet the process sensing line connection requirements.
Removable top and bottom plates shall be furnished.

All internal wirings and / or data bus connections, if any, between the
transmitters and terminal junction box shall run through flexible dust tight
conduits connected to the terminal box hub. No exposed wirings within
transmitter racks, both open and closed type, is admissible.

. All racks shall have a common closed drain trough to connect transmitter

drain points to a common header after suitable pressure breaking. Covered
funnels shall be used for saturated liquid and steam service, whereas, open
funnels may be used for cold liquid services. The trough shall be suitably
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sloped and shall have one end flanged and extending beyond the rack for
connection to plant drain header.

Vibration dampeners shall be installed for supporting each enclosure. The
loading at each corner of the enclosure shall be determined by actual test
weighting when construction is complete to determine the correct length of
each dampener for proper loading of the dampener in accordance with
owner's recommendations.

Sufficient spacing among adjacent transmitters shall be maintained to offer
easy accessibility and operational convenience. The enclosure shall be
designed with sizes to suit the grouping and to completely include all the
hardware for hooking up the transmitters to the process on the basis of
approved installation diagrams. A maximum of five (5) transmitters are
envisaged to be grouped in one enclosure.

2.0.02 Open Type Transmitter Racks

PROJECT DN104

Open type transmitter racks may be provided for mounting Transmitters,
switches, gauges, converters and other accessories in rooms, buildings and
closed areas like the power house building.

The open type racks may be shop or site fabricated. Transmitters, switches,
converters and transducers of enclosure class IP-65 or better can be
directly mounted on open racks. However, enclosures not conforming to the
above protection standard shall have to house in enclosures conforming to
the above protection standard shall have to be housed in enclosures
conforming to [P-65 class prior to mounting them on open structures.
Racks shall be constructed on structural members of adequate strength and
rigidity to ensure proper support to the mounted instruments and
equipment. Racks shall be of welded construction throughout. Major load-
bearing posts shall be suitably supported by gusset plates or moment
members. Suitable fenders grill shall be welded to the end-posts of the rack
to outline a boundary beyond which no mounted equipment shall project to
protect instrument from accidental contact during personnel movement.
Each rack shall be provided with a canopy (sheet thickness of 3 mm) to
protect the instrument from dripping water or falling objects.

For Operational convenience, the open type racks shall be used for
mounting pressure and temperature gauges and switches and the local
operating stations for electrical drives in the vicinity. Gauges mounted in
racks shall be bottom connected and secured by double lock nuts. All gauges
shall be located within 1500 mm from the floor for easy readability.

The structural design shall be such that no item shall interfere with
maintenance and removal of instrument, equipment and their accessories.
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Service Power and Lighting

a. Each enclosure/racks shall be provided with universal type power
receptacle, light fixture & LED lamps with wire guard and lighting switch
etc. Lighting switches shall be door actuated & mounted inside the panel.
Outlet box, switch box and device covers shall be of galvanized stamped
steel. Light switches and power receptacles shall be instdlled inside the
enclosure on the wall near the latch side of the enclosure door. Light fixtures
shall be installed on the ceilings of the enclosures. Power Supplies for
miscellaneous devices shall be provided with 2P MCB located within the
enclosures/racks. MCB shall be mounted in Fuse blocks. Nameplates shall
be furnished above the MCB blocks, identifying the devices being served.

b. Each rack shall be provided with Universal type power receptacle, LED
lamp light fixture with wire guard and lighting switch etc. Outlet box, switch
box and device covers shall be galvanized stamped steel. Light fixtures shall
be installed on the canopy of the rack. ‘

c. Power supply for receptacles and lighting shall be arranged.Power supplies
for miscellaneous devices shall be provided with 2P MCB located within the
rack ]B. MCBs shall be mounted in blocks. MCB ratings will give on electrical
schematic diagrams. Nameplates shall be furnished above the MCB blocks,
identifying the devices being served.

Control Air - A control air supply header shall be furnished in each
enclosure/racks having pneumatic devices. The header shall be 25 MM NB brass
header stock drilled and tapped for 8 millimetre valves. A valve with double
compression end fittings shall be installed in each tap. Not less than three spare
connections shall be furnished in each enclosure/rack. The air header shall
originate at a bulkhead penetration or fitting located in one of the bulkhead plates.
Each pneumatic instrument shall have individual air shut off valve. Pressure
reduction shall be achieved by air filter regulator sets. One filter regulator shall be
furnished for each group of components making a system.

Service Air - A 15 mm NB service air header shall be furhished in each
enclosure/rack housing draft and coal mill instruments. The header shall be
furnished complete with a pressure regulating valve, pressure gauge and valve
quick disconnect connections. A hose for connecting each header to the draft
instrument line four way valve shall be furnished. The hose shall be self-storing
nylon tubing having a burst pressure 15 Kg / Sq. cm. The service air header shall
originate at a bulkhead penetration or fittinglocated on one of the bulkhead plates.

Power supplies - Bidder shall supply all required transformers, regulators and
other power supply equipment to adapt sources of power to the requirements of
the enclosure/rack mounted equipment. This shall include but not be limited to
internal instrument illumination transformers. The circuits shall be separately
isolated with MCBs. ‘
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2.0.07 Equipment Installation - Special attention shall be given in the piping layout to
avoid air traps in liquid filled piping, or water pockets in piping.

2.0.08 Impulse piping / tubing

PROJECT DN104

a. Transmitter enclosures shall be complete with impulse piping & tubing,

valves from enclosure bulkhead connection to all instruments and
necessary drain / blow down connections. The type, size, material and
pressure class of pipes / tubes, fittings, valves etc. Shall be suitable for the
intended applications.

Blow down piping / tubing may be shared, but individual instrument
piping/tubing and valves shall be furnished. Piping / Tubing material
within enclosures/rack shall conform to the application requirements. The
final flexible connection to each instrument shall be fabricated with a
double offset so that it may readily be disconnected to permit "in situ”
calibration of the instrument.

Bulkhead connection shall be used when instrument piping / tubing enters
the enclosure/rack. For instruments lines which enter through the bottom
of the enclosure/rack, the primary process line from the instrument valve
shall be neatly installed, anchored and terminated at approximately 150
Millimeters above the floor of the enclosure/rack. The enclosure shall have
a removable, gasketted floor plate to provide an effective seal around the
incoming field primary process line. An angle shall be installed 600
Millimeters above the floor, running the length of the enclosure for
anchoring of incoming field process lines.

Pulsation dampeners shall be furnished wherever required.

Drain pots shall be furnished for instruments measuring flue gas
parameters and vacuum.

All liquid filled blow down lines, except those measuring vacuum shall be
connected to a header extended through one end of the enclosure /rack and
turned downward for directing the blow down into drain. Gas filled lines
and lines equipped with drain pots shall not be connected to the blow down
header. The connection between the blow down valve and blow down
header shall be constructed so that it can be removed to permit the
connection of test instruments to the blow down valves.

The draft instrument line four-way valves shall be installed so that the quick
disconnect fitting is readily accessible for connection with the service air
hose.

Pipe and stainless steel tube welding shall comply with the provisions of the
latest applicable ANSI code for Pressure piping.

Instrument piping and tubing shall be hydrostatically tested at one and one-
half times the maximum system pressure for that instrument except for low
pressure and vacuum measurement the test pressure will be as per piping
standard.
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2.0.09 Instrument tubing |

a.

Pneumatic tubing shall be installed in a neat workmanlike. It shall be
supported frequently enough that it does not shake when subjected to
vibration. All tubes which enter or leave the enclosure/rack shall be
terminated on bulkhead fittings in the bulkhead plate.

Pneumatic tubing material shall be 6mm OD brass / 316l stainless steel
tubing, unless otherwise specified. Flare less tubing fittings shall be used for
tubing connections smaller than one inch. Tubing shall be stretched before
installation to assure straightness. Special tolls shall be used for all bending
and forming operations. Tubing shall be carefully handled to avoid flat
spots, kinks, and short bends. All piping and tubing shall belair blown after
erection and before attachment to equipment at either end.

2.0.10 Wiring of the Racks

a.

C.

d.

A fully enclosed IP 65 type junction box shall be provided in each rack for
housing the terminal blocks connectors, power supply flises and other
electrical accessories, as required.

Junction boxes for modular enclosures/racks shall be fabricated externally
on one end of each enclosure/rack assembly to accept field wiring / cabling
through the top or bottom of the junction box. A hinged door shall give
access to the interior of the junction box.

All electrical connections between instruments and thé junction box
terminal blocks shall be made. In addition all utility wiring for lighting and
service power shall be installed.

All wiring used within the enclosures/rack shall conform to NEC / IEC
standards. All wiring shall run through flexible or rigid conduits and shall
be terminated at suitable terminal blocks. Sufficient clearance shall be
provided for all control and instrument leads and all incoming and outgoing
leads shall be connected to terminal blocks suitably located for connecting
external circuits. High impedance circuits shall be connected using shielded
or coaxial wire suitable for the service. Conduits shall be supported
properly at regular intervals with suitable conduit clamps. Wire shall be
neatly arranged and routed / laid in PVC trough / tray.

3.0 JUNCTION BOX

S No.

FEATURES ESSENTIAL/MINIMUM REQbIREMENT

Flame proof/weather proof IP-
65/Explosion Proof as per area
classification.

Design as per NEC-370 Article 18, 19 & 20.

Type of Enclosure

6 mm min. thick FRP with prﬁ)tective

Material Coating.
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3 mm min. thickness Die cast aluminum for
Flame proof/Explosion proof area.

Mounting

Indoor/Outdoor

Cable Entry

Bottom or Side

Cable Glands

Double compression type - Nickel plated
brass with PVC hoods.

Terminals

Phoenix/Wago (screw less cage clamp type
spring loaded)

No. of Terminals

As required with standardization with 20%
spare of each size & type.

Grounding

Two terminals for body and shield ground.

Gasket

Neoprene/Polyurethene thickness 6.0 mm.
Silicon for High Temperature area.

10

Door

Hinged, lockable type.

11

Accessories

Suitable mounting clamps and other
accessories shall be in scope of bidder.
The brackets, bolts, nuts, screws, glands,
lugs required for erection shall be of brass,
included in bidder scope of supply. High
voltage & insulation resistance test shall
also be conducted.

M6 Ni plated Brass earthing stud shall be
provided (external 2 nos. internal 1 no.)

12

Color

In General same as provided for control
panels, and for special services, To be
decided during detailed engineering &

subject to owner’s approval.

4.0 ERECTION MATERIALS - PROCESS CONNECTION AND PIPING

4.0.01 General Requirements

This section covers the material requirement for instrument connection to
process, instrument process, piping, tubing, supports and accessories to be
furnished under this specification and the requirements of installation and routing.
Impulse lines, fittings and other accessories required for the erection of complete
Instrumentation and Control System supplied under various packages of this
specification shall be supplied on “as required’ basis. Bidder shall offer all
necessary items for this section based on his experience on similar plants, plant
layout diagrams, installation drawings and other applicable sections of this
specification. Based on the good engineering practices, Bidder shall furnish
installation drawings during the engineering of the system for Owner’s review and
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approval .The installation of the drawings shall be suitable for his installation of
his range of instrumentation. The Bidder shall furnish and test all required erection
hardware, which is necessary for proper installation and interconnection of the
equipment/systems furnished by the Bidder and their integration with main
equipment/systems as per the enclosed installation drawings and other applicable
clause.

The Bidder shall furnish all hardware and accessories to ensure that the
equipment/systems furnished form a complete and operational system meeting
the intent and requirement of this specification. All materials, furnished shall
conform to the latest editions of America National Standard Code for Pressure
piping, Power piping, ANSI B311.1, ANSI B16.11, ASME Boiler and Tressure Vessel
Codes, IBR and other applicable ASME, ANSI and Indian Standards. Schedule
numbers, sizes and dimensions of all carbon steel, stainless steel and alloy
seamless steel pipe shall confirm to ANSI B.36.10 and of stainless steel pipe shall
confirm to ANSI B 36.19 unless otherwise specified. All materials supplied under
this section shall be suitable for intended service; process operating conditions and
type of instruments used and shall fully conform to the requirements of this
specification. The Bidder is responsible for the performance of the equipment
furnished on system basis any shortfall in erection material observed during
erection stage shall be compensated by the Bidder at no extra cost.

Guideline for Installation and Routing of Instrument Piping
General Requirements

The following general erection guidelines have been enumerated here to enable
the Bidder to estimate the requirement of instrument piping in plant:-

i.  All instrument piping shall be in accordance with good engineering
practice. [t shall be finalized during engineering stage. Instrument piping
shall be complete with fittings, valves and other required aocessorles

ii.  Instrument piping shall not be routed:-

1) Across equipment removal areas

2) Below mono-rails and cranes

3) Above or below removable gratings

4) Above or below cable trays.

iii. ~ Primary Impulse Piping System:

1) The primary impulse piping system shall include the in#trumen’c piping
and all required accessories from process tap off point (root valves
onwards) up to the respective instruments. From the same source, Tee
off for instruments are not allowed. Separate tapping shall be provided
for each instrument. The Bidder shall provide the necessary fittings and
accessories along with impulse pipes for completeness and
arrangements as per the finalized Instrument Installation Diagrams.
Special accessories such as reservoirs and other devices shall be
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2)

4)

5)

6)

7)

8)
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installed as required for flow primary element connection as required
by the design of instruments, in accordance with the instructions of the
instrument manufacturer.

The Bidder shall prepare impulse pipe routing drawings.

Impulse piping shall include a blow-down line and shut-off valve
adequate for the duty requirements and for withstanding continuous
design pressure and temperature of process medium. For process
pressure above 40 Kg/Cm?g, double valves shall be used before
connecting to the blow-down header (This arrangement shall be
provided for installation for the new transmitter if the existing
transmitter has the same arrangement.)

To assure a constant static head the connections from low pressure
steam and low pressure liquid filled lines should preferably slope
downward continuously towards the instrument as the instrument is
mounted below the source point. If downward slope is not feasible or
the instrument is mounted above the source point, the line should slope
upward continuously and a “pigtail” installed at the instrument to
assure a water seal for temperature protection. Upward sloping liquid
lines should be used only if the process pressure is sufficient to assure
a head of liquid at the instrument. Horizontal runs should have a slope
of notless than 40 mm per meter and must be adequately supported to
maintain a constant slope. Vacuum connections to the condenser
should always slope upward to the instrument.

Primary process piping for steam flow, liquid flow and manometric
level measurement systems should preferably slope downward from
the primary element connections to the instrument. Primary piping for
flue gas and air flow measurement systems should preferably slope
upward from the primary element connections to the instrument. If
these requirements cannot be met, special venting or drain provisions
will be required. Horizontal runs must have a slope of not less than 40
millimeters per meter and must be adequately supported to maintain a
constant slope.

Primary process piping from the field which enters the instrument
enclosure from the bottom shall extend into the enclosure
approximately 150 millimeters and be equipped with a socket weld to
flare less tubing coupling of stainless steel. This coupling shall be used
to connect the field primary process line to the enclosure process line.
The field primary process line shall be anchored to the enclosure angle
with U-bolts. Holes for supporting U-bolts shall be field or drilled.

All impulse piping shall be supported rigidly at an interval not
exceeding 1.5 meters so as to prevent excessive sag in piping. Process
piping shall not be used for supporting impulse piping.

Impulse piping shall be installed to permit thermal expansion without
placing excessive stress on the piping and without affecting the
gradient of slope. Long continuous straight runs of piping shall always
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4.1.02

4.1.03

PROJECT: DN 104

be avoided. If required, expansion loops shall be provided at least every
2.5 meters to break the continuity.

9) All welded and screwed fittings shall conform to ANSI B16.11. Threads
of piping components shall be taper pipe thread in a¢cordance with
ANSI B2.1. All threads shall be clean machine cut with all burrs and
chips removed. Lubricants shall be of dry flic type. Any one of the
following compounds may be used as a pipe thread sealer. Bidder shall
supply adequate amount of his preferred sealer for erection purpose.

1. Permatex
2. Molycote
3. Neolube
(Teflon tape shall not be used as a pipe thread sealer)

Impulse Piping System

Impulse piping system consists of primary impulse pipes/tubes, valves, fittings,
valve manifolds and other accessories between the source connection point
(source shut-off valve onwards) and all instruments/devices. Impulse pipe span
for supporting clamp shall be 1.5 mtr. This will also include all piping and valves
etc. required for instrument drain and vent connections. The Bidder shall furnish
and test all items required for completeness of this specification.

Air Supply Piping

The piping for air supply shall be as specified below (However the Bidder shall
supply the materials as required basis to complete the system in all respect).

1) Individual Supply Lines and Control Signal Lines:-

Air lines shall be % inch size, connected by brass/SS316 flare less tubing fittings.
Copper/SS316 tubing shall be light drawn tampered tubing conforming to ATM
B75 except copper tubing in tubing cables shall be annealed soft temper tubing
conforming to ASTM B68 or B75. Fittings on the branch line to facilitate
connections to the individual supply line shall be cast brass screwed type.

2) Flexible Hoses

Flexible hoses shall be % inch SS flexible hose pipe and with Buna-N liner steel wire
braid reinforcement complete with % inch brass/SS316 fittings and shall have
swivel male pipe threads. Each hose shall be done meter in length.

3) Pipe Material Specification:-

The piping material shall be carbon steel hot-dipped galvanized inside and outside
as per IS-1239 or the equivalent of these standard heavy quahty with screwed
ends. The piping threads shall be as per ASA B.2.1.
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4) Isolating Valves:-

Gate valves as per ASTM B62 inside screw rising stem screwed female ends as per
ASA B.2.1 valve bonnet shall be union type and trim shall be stainless steel body
rating 150 pounds ASA. Valves sizes shall be % inch to 2 inch.

5) Fittings:-

Forged cast steel A234 Gr. WPM galvanized inside and outside; screwed as per ASA
B2.1 dimensions as per ASA B16.11, rating 2000 pounds, elbows and soft seats. The
size of the fittings shall be % inch through 2 inch.

6) Air Filter Regulator Set:-
An instrument Air Filter Regulator Set with mounting assembles shall be provided
for each pneumatic device requiring air supply.

7) Instrument Air Piping System:-
Instrument Air shall be made available by the bidder at 3.5 to 7.0 Kg/cm? pressure.
The instrument air may be arranged as under:-

i. For the control valves and power cylinders in owner’s scope but
controlled by bidder’s control system, the instrument air requirement
for E/P converter shall be tapped from the nearby instrument air
header laid by bidder / already laid existing piping with accessories
available near the control valves or damper. Complete hardware
required for interfacing with Owner system shall be in bidder scope.

ii. Air supply piping shall be installed at site always with a slope of over
1/100 to prevent accumulation of condensed water within the pipe.

iii. Alljoints in the instrument air sub-header shall be of screwed type.

iv. Instrument airline shall be separate for each individual instrument,
equipment & drive with own isolation valve and other required
hardware. Tee off of instrument line for two or more same/similar
services instrument, equipment & drive are not acceptable.

v. Instrument air flushing/purging lines shall be provided for Bowl Mill
DP, secondary air flow measurement instrument and other all flue gas
services instruments etc.

8) Signal / Control Air Tubing System:-

Necessary tubes with fittings and accessories for output signal from pneumatic
instruments mounted in the field and control signals to final control elements
shall be covered under this tubing system.
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4.1.04

Specification for Erection Hardware

PROJECT: DN 104

The erection hardware shall meet the following specifications:-

a) Impulse Piping

services (Medium: Steam &

SNo | Item Specification
High pressure and high Seamless Alloy Steel piping to ASTM
1 temperature A335 GR.P91 / 22 (schedule XXS /

160 for high pressure & high

temperature) 1

T

Seamless carbon steel pﬁping to
ASTM A106, Gr. C

Water and furnace region)
Low pressure and low

2 temperature services
(Medium: Steam & Water)
Low pressure and low

ERW carbon steel pipin; to IS

3 ;?ep;;;t ure services (Air, 1239:1973 Heavy class WSystem)
4 Steam and water analysis Seamless stainless steel piping to
system ASTM A312 GR. TP-321
5 Seamless copper tubing ASTM B-75
b) Fittings Double compression type
SNo | Item Specification
1 Material for socket weld | ASTM A105ASTM A182, Gr. F22
fittings 6000/3000 Ibs
2 Dimensions of fittings ANSIB16.11
3 Fittings for steam and water | Gr. F-321
analysis
c) Valves
S No | Item Specification
SS body/forged CS body stellited internals and
1 3 - way valve SW ends as per requirement for 2500 1b/800
Ib ASA ratings.
FAS body/FCS body 316SS stelhtéd internals
2 5. valve manifolds with NPT (F) SCRD ends for 3000/2500
1b/1500 1b/800 Ib ASA ratings. Construction -
Single block (Bar stock)
FAS body/FCS body 316SS stelllted internals
3 3-valve manifolds with NPT (F) SCRD ends for 3OOQ/2500
Ib/1500 1b/800 b ASA ratings. Construction -
Single block (Bar stock)
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FCS body, 316SS stellited internals, NPT (F)

4 2-valve manifolds | SCRD ends. Construction - Single block {Bar
stock)
Isolation and Globe valves with FAS body/FCS body, 316SS
5 stellited internals SW ends for 3000/2500

drain valves

lb/1500 Ib/800 ASA ratings.

d) Other Fittings items

PROJECT DN104

SNo | Item Specification
FAS/FCS body with NPT (F) SCRD
1 Condensation vessels connection and vent plugs for
3000/2500/1500/800 Ib ASA ratings.
) Racl_<s and Associated ANS] C83.9-1972
Equipment
Code for pressure piping,
3 welding and Hydrostatic ANSI B-31.1
testing
Flexible conduits with Lea‘d coated, paper insu_lated, he_a t
4 X resistant flexible metallic conduits
fittings . .
with necessary fittings.
5 3 Valve manifold shall be used, wherever Diff Pressure transmitter
/ switch have been used for pressure measurement.
6 5 Valve manifold shall be used for Diff. Pressure & Flow
measurement Transmitters / Switches
2 Valve manifold shall be used for Pressure
7 transmitter/switch/gauge everywhere in the plant, used for
pressure measurement.
8 Double ferruled double compression type fittings shall be used only,

wherever required.
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C&lI Inputs for Selection of Mechanical Equipments

1. Solenoid valves shall fulfil the following requirements:

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

b. Power supply: 24 V DC + 10%.

c¢. Plug and socket electrical connection.

d. Insulation: Class ‘H’
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PERFORMANCE DATA - SCR REACTOR

S.No {i)escription Unit Data to be filled
1.1|General
1|Unit load range for NOx guarantee
2{De-NOx efficiency with newly installed catalyst (%) ‘
3|De-NOx efficiency at the end of catalyst life (%) 1
4]Activity of newly installed catalyst
5[Catalyst Activity at the end of catalyst life
6{Catalyst Pluggage at the end of catalyst life (%)
71Loss of catalyst material at the end of catalyst life (%)
1.2|Temperature ( deg. C)
1|Gas temperature at SCR reactor inlet deg. C
2|Gas temperature at SCR reactor outlet deg. C
3|[Temperature of ash collected in SCR reactor ash hopper (if deg. C
applicable) '
4|Temperature of ash collected in duct ash hopper (if applicable) deg. C
5[Temperature of ammonia-air mixture at ammonia injection grid inlet deg. C :
6[Maximum catalyst heating up rate {deg C/min) deg. C
7IMaximum catalyst cooling down rate {(deg C/min) deg. C
8|Minimum flue gas temperature for continuous SCR operation with deg. C
ammonia injection
1.3|Pressure (mmwc)
1|Gas pressure at SCR reactor inlet mmwc
2| Gas pressure at SCR reactor outlet mmwc
1.4|Differential pressure (mmwc)
1}Gas pressure drop across SCR reactor with new catalyst mmwc
2| Gas pressure drop across SCR reactor at end of catalyst life mmwc
3|Gas pressure drop from economizer outlet to APH inlet with new
catalyst mmwe
4| Gas pressure drop from economizer outlet to APH inlet at end of
catalyst life mmwe ;
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Flow rate (Nm3/s)

Gas flow rate at SCR reactor iniet

Nm3/s

Gas flow rate at SCR outlet

Nm3/s

Flue gas constituents

[uxy

NOx concentration at SCR reactor outlet

mg/Nm3 @
6% 02 dry
basis

Ammonia Slip at reactor outiet with new catalyst

ppm

Ammonia Slip (ppm) at reactor outlet at end of catalyst life

ppm

S02 to SO3 conversion rate in SCR with new catalyst (%)

%

S02 to SO3 conversion rate in SCR at end of catalyst life(%)

%

Molar ratio NH3/NOx at reactor inlet

NH3/Air ratio at Ammonia Injection grid inlet

O IN|jOjU | W]

Conversion of elemental mercury to oxidized mercury (%) (if
measured

%

=
N

Velocity (m/s)

[

Gas velocity in SCR reactor inlet duct

m/s

N

Gas velocity through SCR reactor

m/s

w

Gas velocity in SCR reactor outlet duct

m/s

1.8

Supplementary Data for SCR System

[uxy

Water requirement i) DM water
i) Service Water
iii) Potable water

Service air

instrument air

Super-heated steam

Number and electrical rating of AC power supply feeders for each

control instrumentation system in Bidder’s scope

(2]

Schedule of power consumption

PROJECT DN104
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PERFORMANCE DATA - AMMONIA SYSTEM

HPDut - |60 TMCR  |BMCR TMCR
100% TMICR {BMCR Design iDesign Design Worst Worst
S.No pescription. Unit Design Coal {Coal Coal Coal Coal Coal
Ammonia Handling System :
1.1|Temperature { deg. C) deg. C
Ammonia forwarding pump suction temperature at minimum
ambient temperature
1 deg. C
Ammonia forwarding pump discharge temperature at minimum
2|ambient temperature deg. C
3|Temperature of ammonia at vapouriser inlet deg. C
4|Temperature of ammaonia at vapouriser outlet deg. C
5|Temperature of steam to ammonia vapouriser deg. C
6|Temperature of ammonia at air-ammania mixer iniet deg. C
7|Temperature of dilution air at air-ammonia mixer inlet deg. C

1.2{Pressure {mmwc})
1|Ammonia storage tank pressure at minimum ambient temperature |mmwc i
Ammonia forwarding pump suction pressure at minimum ambient
2 |temperature mmwc
Ammonia forwarding pump discharge pressure at minimum
3|ambient temperature mmwc
4|Pressure of ammaonia at vapouriser inlet mmwc
5|Pressure of ammonia at vapouriser outlet mmwc
6| Pressure of ammonia at air-ammania mixer iniet mmwc
7|Pressure of dilution air at air-ammonia mixer inlet mmwc
8|Pressure of ammonia-air mixture at ammonia injection grid iniet mmwc
Ammonia pressure drop from vapouriser outlet to air-rammonia
9[mixer iniet mmwc
I
1.3 |Flow rate {Kg/hr) '
1|Ammonia flow rate at vapouriser outlet Kg/hr !
i
2| Ammonia flow rate at air-ammaonia mixer inlet with new catalyst  {Kg/hr :
Ammonia flow rate at air-ammonia mixer inlet at end of catalyst
3|iife Kg/hr
4| Dilution air flow rate at air-ammonia mixer inlet Kg/hr
5|Ammonia-air flow rate through ammonia injection grid Kg/hr
1.4|Ammonia Piping
1|Pipe size
2 [Material
3|Length :
i
1.S|Foundation details of Ammonia tanks |
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EQUIPMENT DETAILS FOR SELECTIVE CATALYTIC REDUCTION

S.No _|Description Unit Data to be filled
1.1|General
1[Manufacturer of SCR System
2|Manufacturer’s model number
3|No. of SCR reactors per steam generator
4 |Capacity of each SCR reactor (% of BMCR FG flow)
5|Reactor Width (m) m
6)Reactor depth (m) m
7}Reactor height (m) m
8|Total no. of catalyst layers / reactor
No. of catalyst layers / reactor in service
9
10{Height between two adjacent catalyst support levels (m) m
Height between top edge of catalyst module and bottom edge of the immediately upper
11|catalyst support level (m) m
12| Number of catalyst modules and elements per module for each layer
13|Catalyst pluggage considered for catalyst volume determination
14|Total Catalyst volume per reactor (m3) m3
15(Catalyst volume per reactor per layer (m3) m3
16|Total Catalyst surface area per reactor (m2) m2
17|Catalyst weight per layer / per reactor (MT) MT
18|Percentage of Catalyst pluggage (filled with ash) considered for support structure design (MT) MT
19 [Space Velocity (m3/s/m3) m3/s/m3
20|Area Velocity (m3/s/m2) m3/s/m2
21} Type of Static mixer for ammonia and flue gas mixing
22|No. of nozzles in ammonia Injection Grid
23|Type and material of nozzle
24[No. of catalyst de-dusting levels/reactor
25|Type and number of catalyst de-dusting devices/layer/reactor
26| Medium and its consumption rate for catalyst de-dusting
Guaranteed power consumption of SCR system for one steam Generator at the guarantee point
27| (kw) KW
28|Capacity of Economiser bypass system (if in Vendor scope)
29| Capacity of SCR bypass system (if in Vendor scope)
30|Proposed standard for conducting the performance tests
31|Type of catalyst handling device
32| Capacity of catalyst handling device (MT) MT
1.2|SCR reactor casing
1|Material
2|Casing wall thickness (mm) mm
3| Design pressure (mmwe) (+ve & -ve) mmwc
4|Design temperature (deg C) deg C
5|Max. pressure withstand capacity
6] Max. temperature withstand capacity and duration
7| No. of catalyst support levels
8|Maximum load bearing capacity of each catalyst support layer(MT) MT
9|Number of inspection doors/layer
10|Dimensions of access openings of inspection doors (mm x mm) mm xmm
1.3 |Catalyst
1|Supplier name
2 |Type of catalyst
3 |Catalyst material chemical composition
4{Dimension of each catalyst module and element (L x W x H) (mm) mm
5| No. of catalyst element per module
6|No. of plates in each element box for plate type catalyst
7|No. of catalyst sub-layer per module
8 |Catalyst pitch (mm) mm
9|Catalyst plate thickness (mm) mm
10{Catalyst Substrate material
11}Substrate thickness (mm) mm
12| Catalyst plate dimension for plate type catalyst (HXW) (mm) mm
13| Catalyst Porosity (%) %
14|Specific surface area (m2/m3) m2/m3
15|Specific Weight (Kg/m3) Kg/m3
16| Whether module contains a removable sample element
17 Maximum Continuous Operating Temperature (deg C) deg C
18{Minimum Continuous Operating Temperature (deg C) deg C
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Heating up rate {max.}{oC/min)

oC/min

Cooling down rate (max.){oC/min)

oC/min

Type of catalyst erosion protection (if applicable)

Minimum chemical life {months)

months

Minimum mechanical life {months)

months

Total Number of sample catalyst for two Reactor

Space velocity {m3/h/m3)

m3/h/m3

Area velocity {m3/h/m2)

m3/h/m2

Physical properties of Catalyst

Geometry

Pitch

Plate thickness

Compressive Strength

Bend Strength

Bond Strength

Abrasion Resistance

Surface Area {m2/m3)

m2/m3

Pore Volume (m2/g)

m2/g

Ammonia Injection Grid

Type of Ammonia Injection grid

Control of ammonia Injection {Zonal / overall)

No. of nozzles

Material of the nozzle

Material of the ammonia pipes/manifold

Nozzle size {mm)

mm

Nozzle pitch (mm)

mm

Nozzle spray direction

vl |Nio|jv|s{w|n]=]s

Velocity at nozzle outlet {m/s)

m/s

Size and weight of pipe frames (diameter and schedule) Vertical frames and Cross frames

Drawing reference No

Catalyst De-dusting System

Type Sonic Horn/ Air Cannon/Soot Blower

Manufacturer

Location (Qutdoor)

Cleaning medium

vle|w|n]efin

Parameters of cleaning medium

Pressure

{Kg/cm2) (abs!

Temperature (deg.C)

deg C

Flow rate (m3/s)

m3/s

Source of cleaning medium

De-dusting Frequency per day

Number of De-dusting device/layer

W |~ |

Total time required for one complete cycle of De-dusting operation {min)

min

Depth of penetration (mm)

mm

11

Cleaning radius/angie

12

Effective area cleaned by one De-dusting device (m2)

m2

13

Reduction in flue gas pressure drop across SCR reactor after each de-dusting cycle (mmwc)

mmwc
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For Sonic Horn(if applicable)

Horn Material

Diaphragm Material

Diaphragm Life {yrs)

years

Output power level {(dB) and frequency (Hz)

Hz

Maximum operating temperature (oC)

deg C

Weight of each sonic horn (Kg)

kg

For Air Cannon(if applicable)

Nozzle Material

Compressed air storage tank Material

No. of ports

No. of compressed air storage tanks/layer

s |win kN

Capacity of each compressed air storage tank {Nm3)

Nm3

For Soot Blower

oy

Type of Electric Drive Dual/Single Electric Drive

N

Material

Lance / Swivel tube

Nozzle

Motor rating (kW)

KW

Location drawing of De-dusting devices

Description of panels & system equipment offered

A fnfdiw

Reference drawing Nos.

1.8

Dilution Air System

1.8

Dilution Air Fan

Manufacturer

~N

Type Dual/Single Electric Drive

w

Number and configuration of dilution air fan per steam generator

Capacity Max Flow (m3/sec)Head (mmwc)
Associated temp. (deg C)
Density (Kg/m3)

Source of air supply

Max speed of fan (rpm)

rpm

Fan efficiency at 100% TMCR

%

Auxiliary power consumption at 100% TMCR (kW)

KwW

Diw|N|njuis

Overall dimensions

Motor rating (KW)

KW

11

Total weight of fan and motor (tonnes)

tonnes

12

Method of lubrication

For fans

For motors

13

Mode of air flow control adjustment

14

Impeiler diameter (mm)

mm

15

Shaft diameter {(mm)

mm

16

Material of construction

Casing

Impeller blades

Shaft

Dilution Air Heater (if licable)

Manufacturer

Type

Number and configuration per steam generator

Auxiliary power consumption at 100% TMCR (kW)

KW

Heater rating (KW)

KW

Voltage level (V)

o S E I e R )

Estimated life of heating element (years)

years

N
b
o

Ash Hoppers

For SCR Reactor (if applicable)

No. per SCR reactor

Material

Plate thickness (mm)

mm

Side angle

degrees

Valley angle

degrees

Storage capacity of each hopper (hours)

hours

Volumetric storage capacity of each hopper (m3)

m3

No. of access doors per hopper

W loiN]|o|un|e]|w|N]|=

Access door dimensions (mm x mm)

mmxmm

oy
j=]

Hopper dust level detectors

a) Number per hopper

b) Type

11

Ash collection rate (Kg/hr)

kg/hr
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1.11

Ammonia Unloading, Storage and Forwarding System

Name of overall system designer

N

Design codes and standard

1.12

Truck Tank Unloading Station

Manufacturer

Type of connections

W[

Hose Material

In
I
w

Ammonia storage Tank

1|Type of Ammonia storage tanks Horizontal i
2|No. and configuration of ammonia storage tanks |
3| Design code !
4|Storage capacity (days) days

5|Operating pressure (Kg/cm?2) (abs)

6| Design pressure (Kg/cm2) (abs) (+ve & -ve) vii) Operating Temperature (deg. C) deg C

7| Design Temperature (deg. C) deg C

8| Tank Volume (m3) deg C

9|Maximum storage volume (m3) m3

=
Q

Vapour space in tank (%)

%

1

=

Hydraulic test pressure (if required)

(Kg/cm?2) (abs

1

N

Shell thickness (mm)

mm

1

w

Corrosion allowance

14

Tank diameter {mm)

mm

1

wn

Tank length (mm)

mm

16

Weight when empty (Kg)

kg

17

Material

Shell and head

Nozzle necks

Nozzle flanges

Manhole nozzle

Manhole flange

Supports and structural attachments

1

0

Reference drawing Nos
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Ammonia Unloading Compressor

Manufacturer

Type

No. and configuration

No. of stages

No. of cylinders

Cylinder bore {(mm)

mm

Stroke {(mm)

mm

Rated Capacity (Nm3/s)

Nm3/s

W0 IN[O V| IW|N |-

Design temperature {oC)

deg C

=
(=)

Design pressure

{Kg/cm2) (abs

oy
iy

Maximum Discharge pressure

(Kg/cm2) (abs)

-
N

Maximum Compression ratio

-
w

Speed of the compressor (rpm)

rpm

=
'y

Efficiency (%)

%

[
%

Motor rating and speed

(KW, rpm)

=
)]

Construction features

Built in relief valve Yes/No

Yes/No

Relief valve set pressure adjustable Yes/No

Yes/No

Common base plate for compressor & motor Yes/No

Yes/No

17

Material of construction

Cylinder

Piston

Piston Rod

Crank Shaft

Connecting rod

Bearing

1

o0

Noise Level (dB)

dB

19

Dimension (LxWxH)}{mm)

mm

20

Reference drawing Nos.

21

Codes and S5tandards applicable

=
=
wn

Ammonia Forwarding Pump (if applicable)

Manufacturer

Type

No. and configuration

No. of stages

Rated Capacity {(M3/hr)

m3/hr

Design temperature (oC)

deg C

Design pressure

(Kg/cm2) (abs

Minimum temperature ammonia pump can handle (oC)

deg C

W lof~wla|nis|win]=

Specific gravity of ammonia at above temperature

10|Maximum Discharge pressure (Kg/cm2) (abs)
11|Maximum differential pressure between suction and discharge pump can handle (Kg/cm?2) (abs)
12|Speed of the pump (rpm) rpm
13 |Efficiency (%) %
14} Maximum entrained vapour pump can handle (%) %
15] Motor rating and speed {kw, rpm) kw, rpm
16| Minimum allowable suction pressure (mmwc) mmwc
17)Construction features
Built in relief vaive Yes/No Yes/No
Relief valve set pressure adjustable Yes/No Yes/No
Magnetic coupling drive Yes/No Yes/No
Common base plate for pump & motor Yes/No Yes/No
18 |Material of construction
Casing
Rotor
Shaft
Shaft sleeves
Base plate
Wearing rings {if required)
Bearing
19|Dimension {LxWxH){mm) mm

Reference drawing Nos.

Codes and Standards applicable
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Ammonia Vaporization system

Manufacturer

Type

No. and configuration

Steam source

1.1

~

Ammonia Accumulator

Number

Type of accumulator  Cylindrical & Vertical

Net capacity of each accumulator (m3)

m3

Design temperature {oC)

deg C

Design pressure (Kg/cm2) (abs)

Inner diameter of accumulator {mm)

mm

Height of accumulator {(mm)

mm

Corrosion Allowance (mm)

mm

Wl |Nloa|un|d|wini=

Material/Thickness(mm)

Shell

Head

Nozzle

Codes and Standards applicable

1.18

Waste Ammonia Dilution Tank

No. and configuration

Storage Capacity of each tank (m3)

Diameter of each tank (m)

m3

Height of each tank (m)

Maximum storage volume (m3)

o|lu|lnfw|n|e

Tank Material/Thickness(mm)

m3

a) Side Wall

mm

b) Bottom

mm

c) Roof

mm

~

Design Pressure (Pa) / Temperature (oC)

deg C

e

Codes and Standards applicable

N
N
©

Waste Water Collection System

Dimension of dyked area

Storage capacity of dyked area (m3)

m3

No. of waste water retaining basin

Storage capacity of retaining basin (m3)

m3

Dyke and retaining basin material

No. and configuration of waste water disposal pump

Design capacity of waste water disposal pump (m3/s)

m3/s

Design pressure of waste water disposal pump (bar)

W leNlo|u|s|w|n]e

Design pressure of waste water disposal pump (oC)

deg C

=
=]

Pump material

I
1N
o

Water Spray Devices

Location

Type of spray device

Material of nozzle

Spray Water flow rate (m3/s)

m3/s

vsjw|n|=

Spray Water pressure (bar)
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1.21 [Chemical dosing system for waste ammonia neutralization
1|Type of chemicai for dosing
2 |Pump capacity
POWER CONSUMPTION (kW) FOR SCR SYSTEM OF ONE BOILER  Normal Maximum
1.22
1}Ammonia unioading compressor KW
2 |Ammonia forwarding pump (if applicable) KW
3|Ammonia vaporizer Kw
4] Dilution air fan KW
S| Dilution air heater (if applicable) KW
6|Any other load KW
7|Total Kw
1.23 | Thermal Insulation
1|Type of insulating material (s)
2 [Manufacturer's name
3|Maximum hot face temp. (deg. C) the insulating material can withstand deg C
4|Bulk Density of insulating material (Kg./m3) Kg./m3
5|Area to be insulated and insulation thickness
SCR reactor Casing
SCRinlet duct
SCR outlet duct
SCR bypass duct
Economiser bypass duct
61Ash hopper
SCR Reactor (if applicable)
Duct (if applicable}
7|Ammonia pipelines
8|Ammonia Vapouriser
9|Any other
10| Total
11|Insulation material standard
1.24| EQUIPMENT WEIGHT (TOTAL)
1}{Structural Steel ton
2| SCR reactor including catalyst ton
3[SCR inlet duct including Ammonia injection grid, static mixer, Guide vanes, flow splitters etc ton
4|SCR outlet duct ton
5|SCR bypass duct ton
6| Economiser bypass duct(if in Vendor scope) ton
7| Platforms, Walkways stairways ton
8|insulation and cladding ton
9]Control and Instrumentation ton
10} Others ton
11|Total estimated weight (Per Steam Generator) ton
Excluding dust ton
Including dust ton
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GENERAL TECHNICAL INFORMATION / DRAWINGS FOR SELECTIVE CATALYTIC REDUCTION SYSTEM

(After Award of the Contract)

Characteristic/Correction Curves for SCR System

Gas flow rate vs DeNOx efficiency

Gas temperature vs DeNOx efficiency

Inlet NOx concentration vs DeNOx efficiency

Catalyst deactivation (Relative activity& Ammonia slip V/s operating time

Gas flow rate vs pressure drop across SCR reactor

Pressure drop vs Aux Power Consumption (KW)

Combined effect of gas flow rate and NOx concentration vs Ammonia consumption

Gas velocity vs catalyst life

vlo|v|la|lu|s|lwin]k]e

Gas inlet dust concentration vs catalyst life

10

Nox/ ammonia molar ratio V/s outlet Nox concentration

11

Ammonia slip & SO3 concentration Vs Ammonium bi-sulphate formation Temperature

12

Ammonia slip & SO3 concentration Vs Ammonium bi-sulphate formation rate

P
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R
roveme val‘:m'
LIST OF MANDATORY SPARES FOR SCR SYSTEM
TEM DESCRIPTION
1 Catalyst ##
1.1 Catalyst Module Total no equivalent to
(to be supplied in a suitable packing so that it is not affected by 1 Layer for each unit and to be supplied
outside environmental conditions during storage) matching 75% guaranteed life of running

catalyst.

2 Catalyst Module Seals ## 100% for each unit

3 Soot Blower/ Sonic Horn Assy

31 Complete Assembly 2 no. per Unit

4 Dilution Air Blower

4.1 Complete Impeller Assembly 1 no. of each type

4.2 Bearing 1 set of each type

4.3 Motor 1 no. of each type

5 Ammonia injection Nozzles, if applicable ## 25% for each unit

6 Injection Grid assembly pipes 10 % quantity of each type and size for
each unit

7 Valves 10% of each type and size
(minimum 1 no of each type and size)

8 Ammonia unfoading System

8.1 Complete compressor assembly 1no

8.2 Complete vaporizer assembly 1no

83 Disposal pump assembly 1no

9 Ammonia Forwarding Pump

9.1 Complete Impeller Assembly 1 no. of each type

9.2 Casing Liners 1 set of each type

9.3 Bearing 1 set of each type

9.4 Motor 1 no. of each type

9.5 Pump discharge valve assembly 1 no. of each type

10 Flow guide vanes/straightener/splitters 10% quantity of each shape and size for
each unit

11 Static Flow Mixer( Guide vane/splitter/liner) 10% quantity of each shape
and size for each unit

Note: (1)lItem wise price break up to be furnished

(2) ## - The items under SI.No. 1, 2 and 5 will be considered for price evaluation.
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