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The use of auxiliary packages with PLCs or logal controls for ancillary
plants or systems shall be limited and minitnized. Only some special cases
can be considered subject to the Employer/Engineer’s approval.

Typical and acceptable reasons for a specialized control system can be high
speed of response or special safety requirements, which may require a
separate safety-related system.

For signal exchange with the main DCS, PLCs shall be compatible with this
system. Depending on the amount of information to be exchanged, parallel
or serial interfacing shall be considered. The sequence of events signals
should be directly physically connected to Sequence of Events Recording
System (SER).

If only few signals are to be exchanged, parallel interfacing is preferred.
Binary signals shall be exchanged via volt free signals. Analogue signals
(4 - 20 mA) must be suitably decoupled.

If serial interfacing is used, the interface eqmpmﬂnt between the PLC and
the DCS must be capable of communication using an industrial standard
protocol: The transmission baud rate shall be selected dependent or the
application (minimum 19200 baud or higher). If commands are issued froin
the DCS to the PLC, the time between operator command input and PLC
signal output shall not be more than 1.5 seconds. The same requirement
goes for answer back signals from the PLC and updating of displays of
analogue values coming from the PL.C on the DCS monitor displays.

As a minimum requirement, the offered serial link shall have a data integrity
checking and retransmission facility in case of error detection, independent -
of the DCS or external system software. Hardware and software failures
during data transmission shall be monitored and alarmed onto the DCS.

The communication Jink shall be redundant. In case of failure in the
communication, quick manual automatic switch-over to the standby
communication link shall be possible with automatic switchover and fault
reporting and diagnastic facilities.

The functions realized in the PLC and the method by which they are invoked
shall be represented graphically similar to IEC 61131-3.

Additionally, a verbal program degscription supported where required for
easy understanding of complex functions with functional diagrams
according to IEC 60848 shall be provided.

"\ Programming devices with keyboard, VDU and printer for ease of
'programming, effective on-line monitoring and diagnostic functions, )
together with the necessary equipment to write in and to erase EPROMSN\%5

! \‘—’// shall be provided.

The Contractor shall guarantee that spare parts for the offered PLC system
will be available for at least 15 years after commissioning of the Power
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Plant as well as upward/forward compatibility for future upgrades of the
system. If necessary, the Contractor shall provide successive system
upgrades to ensure spare part compatibility for that time span.

For local operation and monitoring a panel or desk mounted Human
Machine Interface (HMI) unit, operable by keypad or touch screen with
LED-displays shall be provided. Protection class of panel mounted HMI
(front side) shall be TP 22 according to IEC 60529.

Control cubicles

DCS, PLC hardware and other associated control equipment shall be
installed in suitable control cubicles. The cubicles shall be set up in local
switchgear/ electronic rooms (CER or LER) or in local control centers
(LCC). The protection class required is specified under Section B0.6.18.

Outdoor installed cubicles shall be provided with thermostatically controlled
heating elements in order to prevent the formation of condensate which may
occur due to large variations of ambient conditions, if necessary.
Adequate lighting and sockets for hand tools protected by 30 mA Residual
Current Differential Switch {RCDS) shall also be provu:led for cubicles and

ranels, if necessary.

The cubicles shall be secured in such a way that failure of one node cannot
cause the failure of the whole system.

The required control elements and displays (annunciation and status lights,
analogue displays, switches etc.) shall be so configured that as far as
possible they can be viewed from the associated secondary system, Should it
be necessary to place the control and monitoring elements in the field, these

shall be installed in separate, robust housings (protection class IP 55W). All
alarms/ annunmatmns shall as we]l be available in DCS,

In preference LED displays shall be used. Ease of access and operation 6f
the equipment shall be ensured,

Visual display unit (VDUs) will be employed for field operation and
monitoring.

All cubicles shall be adequately ventilated in order that the heat generate \ DS
by the equipment mounted there shall remain within the spcc:ﬁed limits, ——
even in the case of high ambient temperatures that may occur in the event of

\ failure of the air-conditioning system.

Locally installed cubicles shall be suitable for the location in which they are
situated and shall provide adequate protection against dust, moisture or
mechanical damage for the equipment mounted therein, Cubicles shall be
designed in such a way that vibrations of the buijlding shall be absorbed to a
large extent. Sunshades shall be provided for all cubicle located outdoors.

B140AD1/FICHT-15702705-v5 FICHTNER B0-176
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B0.6.19.5

Cable connections to cubicles, panels and desks shall be made via suitable
seals so as to prevent the ingress of dust, vermin or the propagation of a
possible fire. During installation period, a provisional sealing of cable
penetrations shall be ensured,

Racks, junction boxes

Marshalling racks
Separate cubicle type marshalling/ termination panels shall be provided, i.e.
field signals shall not be terminated in the rear side of the system cabinets.

Open type racks constructed of angle steel may be used for the marshalling
and termination of low voltage control cables within the Central Electronics
Rooms (CER & LER). Cubicle type marshalling racks may also be
considered.

For voltages exceeding 60 V. a suitably separated Section with isolation
cover shall be provided.

Instrument racks ;

Wherever possible, instruments and devices, e.g. transmitters, thermo
element cold junctions, terminal boxes, located in the field, shall'be
mounted on local instrument racks. The instrument racks shall be installed
with due regard to control engineering needs, material-saving assembly and
easy accessibility for maintenance and checking work, and shall be
constructed of standard angle Section steel.

Junction boxes
In order to simplify local collection of cables and distribution of signals and
to centralize connections in the Plant the junction boxes shall be fitted on all

the necessary:

s cable crossover terminal points,
e electrical actuators,

local transmitters,
e central distribution points for local signals.

The necessary intermediate terminal boxes must at least have degree of
protection [P 55 in accordance with EN 60529 and must be equipped with
the necessary terminal strips und attachment components for the connection
of the cables, The necessary earthing terminals shall be provided for the
earthing of the boxes. In hazardous areas, terminal boxes shall be in
accordance with EN 50019 or 50020, depending on zone classification.

After commissioning, the junction boxes, marshalling racks, instrument
racks, etc. must contain at |east 10% of spare space. The Contractor shall
furthermore provide at least 10% of fully fitted spare terminal capacity.

8140A01/FICHT-15702705-v5 FICHTNER 30-177 %
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B0.6.19.6

B0.6.18.7

Mimic diagrams

Mimic diagrams shall be offered where specified or alternatively where their
presence would assist Plant operators in assimilating the operational state of
the Plant.

Where used, the mimic diagram shall harmenize with the other equipment in
the control room. Mimic diagrams shall be of the mosaic type.

On mimic diagrams for electrical systems, the different voltage levels shall
be distinguished by the use of mosaic elements having an inlaid colloured
strip. These elements shall be fitted together to show the location of the
different busbars, The operational position of circuit brezkers and isolators
shall be indicated by semaphore indicators, and the operation of switchgear
from the mimic diagram shall be by means of discrepancy switches or
pushbuttons designed to operate in a similar manner.

On process mimic diagrams, methods shall be used to clearly indicate the
path of the various mediz, the preferred technique being by means of raised
plastic strips which shaii have a distinetive colour. Also a uniform scheme
of colours for different media shall be adopted. x

Where pushbuttons are proposed for operation. enabling pushbuttons shall
also be provided and it shall require the operation of both the pushbutton
actuating the device and the enabling pushbutton to operate the device.

The Contractor shall propose the mimic colour code for process and electric
system identification of the P&ID and electric single line mimics in the
VDU or mimic panel.

Power supply and fusing

The power supply for the equipment requiring uninterrupted supply (UPS)
(e.g. emergency valves, flame monitors, measuring and control system,
recorders, printers, VDUs, OWS and servers) shall be taken from the safe
AC as described in other parts of the specification, especially Section BQ.Z
and Section B7.. :

batteries shall be used.

The 24 V DC systeﬁls shall consist of 2 sets of power supply with each set
consisting of 1 x 100% battery charger, | x 100% batteries for | hour duty
and 1 x 100% DC distribution board. LT
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Each individual consumer shall be provided with an infeed from each set
with diode decoupling at the consumer.

The supply voltages for the control cubicles within the central electronic
rooms (CER & LER) shall preferably be 24 V DC and must be arranged as
separately fused double infeeds. The individual feeders can serve either a
single cubicle or several cubicles combined as a logical group-

Intelligent Battery health management system shall be provided for each set
of 24VDC power supply system and UPS batteries (except mini-UPS). It
shall be connected to DCS.

ATl battery systems shall be provided with a manual discharge resistance
bank.

All equipment shall be adequately protected against overcurrent by means of
fuses or other current protection devices. The main power supply fuses shall
be located in functional groups within separate power distribution cubicles.

 Fuse ratings and time characteristics shall be such that in all cases, a fault

within an individual item wiil cause the fuse associated with that item to
rupture and thus disconnect that item from the power supply, before the
main fuse is affected. 2

Failure of a main fuse shall affect the overall operation uf the Plant as liitle
as possible and shall be indicated in the central control room (CCR) by
means of an alarm. This alarm shall state the identity of the failed main fuse,

Failure of an individual cubicle, module or component fuse shall be
indicated by a general alarm and a detailed diagnostic message. The Section
of the control cubicle in which the fuse is located shall be indicated. It shall
also be possible 1o locate visually the fuse that has failed.

The design of the electrical power supplies and fusing system must ensure
that any faults in modules or other devices, which may block sequence logic
interlocks, automatic control systems or other control systems, are restricted
to the system in which the fault has occurred,

All electronic devices shall be protected against transient voltage levels
which would otherwise damage the device. /

B0.6,19.8 Transmitters
] : \
All transmitters shall have an impressed output signal of 4 - 20 mA
corresponding to zero to full range input. However, digital communication
shall also be acceptable.
Generally, 2-wire transmitters shall be used. If for sore special purposes (e.g.
analyzers) 230 V AC power supply is required, the outputcircuil shall be
isolated. ¢ %N g
8140A01/FICHT-15702705-v5 FICHTNER . B0-179
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As far as possible, all transmitters shall be of the SMART-type. This applies
alse to field mounted temperature transmitters.

All transmitters shall be fitted with a local analog or digital indicator
displaying appropriate physical units which may be read clearly from an
easily accessible position.

Transmitters with accuracy class “0.5” or better must be used. The
repeatability shall be within a range of + 0.1% of full span.

The output signal of all transmitters must be independent of the burden of
the transmitter output circuit including cable resistance over a wide range.

The removal of connected devices must not open the transinitter output
circuit or cause malfunction of this circuit. In the case of failure and return
of the supply voltage within a measuring circuit, no false signals
endangering the system shall be issued. All transmitters shall be individually
fused. If not specified otherwise, local parameterization at the transmitter or

“via modem and PC/laptop or hand held communicator using HART-

protocol shall be possible.

For the continuous remote position indication of valves, dampers etc. iilso
transmitters with impressed output signal of 4- 20 mA shall be employed.

All transmitters shall be suitable for field installation and shall have strong,
moisture and dustproof cases of IP 65 or better according to EN 60529. This
applies also for temperature transmitters when installed in the field.

Diaphragm seals shall be provided to serve as a barrier for corrosive process
fluids, slurries or highly viscous oils. The seal shall be of the flanged type,
suitable for the same conditions as those for the transmitter, The material
selection shall be according to the requirements of the fluids to be measured.
The seal shall be provided with & flushing connection,

Transmitters to be used in hazardous areas shall be explosion proof, Suitable
intrinsically safe circuits are fo be provided in accordance with EN 60079-

1L

All transmitters potentially subjected to vacuum shall be capable of
withstanding 100% vacuum without damage.

No stress shall be imposed through the connections between Plant and \'\
transmitter, As far as possible, the transmitters shall be grouped together
into enclosed racks or panels for easy access. Sunshades shall be provided

/ forall outdoor panels.

G, ¥
B
Individually installed transmitters shall have their own weather proof
enclosure of robust construction and be suitable for the proposed
B140A01/FICHT-15702705-v6 FICHTNER BO-180
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environment. All field equipment terminals shall be wired to a terminal box
using screwed connections.

Transmitters shall be provided with all necessary isolating, vent and blow-
down valves and facilities shall be provided for the connection of test
instruments at the input and output of each transmitter, to enable calibration
to be carried out. ;

In general limits (for alarms or switching actions) shall be derived from the
analogue measurement value in the DCS (use of switches shall be ayoided).
Where binary signals cannot be derived from an analog value, binary
transmitters e.g, temperature switches, pressure switches etc, may be used.
[ndicators with integrated Jimit swifches are allowed within package units.
Preferably limit switches shall be of the proximity type.

All switches shall be of robust design and reliable performance,
Temperature switches, pressure switches, level switches, and etc. shall be of
the snap-action and change over type. The switches shall have an adjustable
switching hysteresis. Parity checks shall be supplied for switches. (Note:
Parity checks refer to the supervision of switches, i.e. it shall be supervised
that switches have one defined state and are not undefined e.g. neither open
nor closed. Finally this means that there have to be 2 DI to be used for each
switch, one for "open” detection and one for "closed" detection.)

The set point and the deadband (reset point) of each switch shall be
adjustable from inside the case, over the full range specified. The set point
and reset point shall be indicated on the adjusting mechanism.

For the sensing of level in tanks, vessels or bunkers float switches, vibration
level switches or other suitable switching devices with conductive or
capacitive electrodes shall be provided.

For monitoring of machine coolant or lubricant flow (dry running -
protection) suitable flow or level sensors shall be employed.

The switches shall be housed in robust, dust and moisture proof cases
having glanded cable entries and shall be suitable for the ambient cond
local to the equipment on which they are mounted.

B0.6.19.9 Temperature measurements

Glass thermometers, bi-metallic and capillary remote thermometers are T
used for local temperature measurement. For both, class 1.0 shall be

7 provided.
2 |
i i  Glass thermometers are to be inserted into pockets provided for the purpose.
e use of mercury is forbidden.

\x\____, o Capillary remote thermometers shall be with a case diameter of preferably
{60 mm and must be mounted on fixtures or instrument panels in such a

8140A01/FICHT-15702705-v5 FICHTNER ’ BO-181
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way that they are protected from vibration, jarring and sprayed water. The
capillary tube must be laid in a protected position.

If possible, resistance thermometers (Pt-100) in accordance with IEC 60751
shall be used for remote measurements. All resistance thermometers shall be
wired according to the four-conductor principle.

Otherwise, thermocouples with appropriate heat resistance in accordance
with DIN IEC 60584-1 or equivalent may be used for remote measurements.

All thermocouples shall be of the quick response type, ungrounded and
preferably of double element type.

Thermocouples shall be arranged in such a way that the ambient tempcrﬁture
of the head is lower than 100 °C, and that the measuring inserts can easily
be exchanged.

All thermocouples and extension leads shall be terminated with a suitable
gland and the conductor to sheath resistance shall be greater than 100 M-
Ohms when tested after termination.

Thermometers and thermocouples shall generally be fitted in protective
wells. They shall be provided with weatherproof terminal heads and shall be
installed so as to totally prevent the ingress of foreign matter.

High speed response pockets shall be provided for all applications invalving
control of eritical process temperatures. Thermowells with - high speed of
response shall be used.

‘Where more than one temperature measurement e.g. for redundant loops,
recording, indication, automatic control is to be made at one location,
individual protective wells with sensors shall be provided at the common
place of measurement. Protective wells for unoccupied test measuring points
shall be arranged with the opening inclined downwards wherever possible
and shall be provided with a screw-on protection cover.

Insofar as local conditions or extreme temperature do not require otherwise,
screw-in immersion wells for exhaust gas and air shall meet the following
requirements:

/g}( * nominal length not less than 0.5 m

. o attachment of the well in the wall of the exhaust gas channel or air duct
/"/; - . must be gas-proof.

|

b ¥ = FPr the measurement of temperature of other media the following
\ }equirements shall be observed:

e S oa , S sy
——  Forall pipework a minimum immersion depth of 55 mm in the internal “
pipeline cross-section and # minimum distance of 15 mm from the opposite

B140AQ1/FICHT-157027D55 FICHTNER B0-182
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B0.6.19.11

point by means of enclosures. The impulse line between tapping point and
transmitter shall be arranged in such a way as to form a siphon loop, when
steam pressure measurements are involyed.

A valve combination or multiway cock shall be provided directly on each
pressure gauge or transducer connection. They shall be equipped with a
connection for test gauges, and it shall be possible to shut off the test
connection without isolating the service pressure gauge at the same time.

Open blowdown / drain connections shall not be arranged within panels and
local equipment. Instead it shall be led to a drain external to the panel. All
valves shall be installed so that they are accessible for in-situ maintenance
from a floor or permanent structure landing.

Transmitters are to be protected from the measuring media, if required.

In addition to the above requirements, special valve block equipment shall
be provided, where differential pressure is to be measured. Alternatively,
differential pressure type transmitter can be considered.

Flow measurements

Remote flow measurements of water, steam, combustion air, flue gas etc.
shall, unless otherwise specified, be carried out by means of differential
pressure, ultrasonic, electromagnetic, annubar, corriolis, turbine meters,
oval-wheel flow meters.

The transmittérs shall be as specified under Section B0. Changes in density,
pressure or temperature of the measured medium shall be.compensated
wherever necessary. ’ '

Tags on orifice plates shall be stamped with the basic design information
(i.e. flow rate, pressure and temperature of the passing fluid, the orifice
diameter and the pressure differential generated).

Primary elements such as orifices or nozzles.located in steam or high
pressure feed water pipes shall be of the weld-in type. Material, dimensions
and installation of orifices, nozzles and tapping points etc. shall be in

accordance with the specification for the pipes in which they are instal

Orifice Plate installation using Weldneck Flange assemblies shall bg/ :
offered. Tappings shall be on the flange and not on pipe.

nozzles, In the case of steam flow measurements condensing vessels (st
traps) shall be provided between the tapping point and the isolating valve.

i =
74 s = : \\
s " !
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The material and dimensions of the piping shall conform to those laid down
for the piping concerned, The welds shall be executed in such a manner as fo
avoid turbulence that can affect the measurement.

In order to achieve exact installation, the vendor supplying the orifice plate
or nozzle for high pressure pipes shall install the orifice plate oz nozzle in its
own works in a Section of pipe of about 3.5 times the pipe diameter (1.0 x
NB in the outlet, 2.5 x NB in the inlet). For orifice plates or nozzles

installed in pipes with @ nominal bore smaller than 80 mm, complete meter
runs shall be supplied.

Orifice plates and nozzles shall be manufactured of ANSI316 Stainless
Steel unless specified otherwise. Orifice plates shall be sized according

ISO 5167-2. .

Orifice plates shall be sized for a d/Di ratio not less than 0.20 and not greater
than 0.70. Higher rather than lower d/D ratio are preferred to minimize line
restrictions. All sizing calculations shall be submitted to the Employer/
Engineer for approval.

Tags on orifice plates shall be stamped with the basic desigs inforniation
(i.e. flow rate, pressure and temperaturc of the passing fluid, the orifice
diameter and the pressure differential generated),

Venturi tubes according to ASME MFC-3M shall only be considered when
operating economy requires low permanent pressure losses.

The erection welding seams shall be executed in such a manner that no
turbulence, which will affect the measurement, can occur.

Rectangular venturi tubes may be considered where other measuring devices
are impossible or impractical (e.g. in large rectangular air duct of boilers).

For flow measurements in LP-systems e.g. water or condensate, orifice plate
installation using slip-on orifice flanges shall be provided. All orifice plates
for installation between flanges shall have their own tapings for differential
presstire measurements incorporated in the plate. Simple orifice plates with
the tapings situated in the pipe are not allowed. The flow direction shallbe
consistently marked on the orifice or nozzle by means of an arroy/Z

%( Special conditions may dictate the use of devices such as:

« venturi tubes for low pressure gases

o~ "~ = pitot tubes such as Annubar.

o’ w7 o

¢ .
| 'a/r/ Ultrasonic flow sensors shall provide a double transmitter/ receiver system
\ - ,and be for installation with a calibrated pipe. The tube lining material shall

" be as required for the fluid and its temperature and be as specified in other
o / chapters of this Section B0. The use of ultrasonic clamp on flow meters
shall be avoided and requires dedicated approval of the Employer/ Engineer.

B140ADA/FICHT-15702705-vS FICHTNER BO-185

BIFPCL/ERC-Main Plant/2015/1/ / %ﬂ l 9 8
Page 20 o[r'?:éf)



2 x 660 MW MAITREE SUPER THERMAL POWER PROJECT

B0.6.18.12

SPECIFICATION NO PE-TS-421-501-A301

The accuracy shall be 1% of the calibrated span. An overpressure security
shall be provided of 50% above the maximum pressure range.

Electromagnetic measurements may be used for flow measurements of
inhomogenous liquids with or without solids content in completely filled
pipes. The limits of application of the measuring system due to the medium
parameters planned on a case-by-case basis shall be observed, Inductive
flow sensors shall be of alternating field or pulsating DC field type and be
for inline installation with a pipe.

The tube lining material shall be as required for the fluid and its temperature
and be as specified in other chapters of this Section B0. The accuracy shall
be 1% of the calibrated span. An overpressure security shall be provided of
50% above the maximum pressure range.

Corriolis measurements shall be used for mass flow measurements of
homogenous liquids and gases without solids content in completely filled
pipes, in particular for natural gases, fuel oils and solvents as well as other
media with fluctuating densities. The accuracy shall be typically at 0.5% of
the measured value.

Level measurements

Where detection of discrete levels is required, the simple float operated
switch should be used, however each switch shall have snap action with
limited hysteresis to prevent contact bounce caused by small fluctuations in
level, For sumps the level should be measured using non-contactive
measuring principles such as ultra sonic with local control box,

Switches used for level detection shall provide facilities for testing the
mechanical and electrical operation of the switch without its removal from
the process. Isolation by means of shut-off valve will be allowable during
testing,

Generally, the use of switches shall be avoided. Instead limit values shall be
derived from analog transmitters.

For measurement of large storage tanks, the oad indication and transmitting
mechanism shall be located at the base of the tank.

For the measurements of boiler separator water level, feed water tank levels
cte., differential pressure transmitters shall preferably be used.

The transmitters shall be as specified under Section BO0.

For special applications such as chemical tanks, techniques such as

4 7, 7 ultrasonic, radar, capacitance probes, etc. should be considered. For le *‘«\
b measurement in tanks with underpressure (vacuum) guided wave radar shalF—="
P sbe used. .
o //
e - For level measurement of the fabric filter (FF) hopper dust radio frequency

(RF) / Capacitance type level switch can be considered,

B140DAD1/FICHT-15702705-v5 FICHTNER @;u-'iss
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For measurements where a reference leg of process fluid is used, the design
of the system shall ensure that the reference leg is fully maintained at its
prescribed height during all conditions of process level change and changes
in process conditions and the density of the reference leg does not vary from
that of the process fluid due to temperature changes or other reasons.

All measurement transmitters for differential pressure shall be provided
with:

a. shut-off valves to be arranged directly at the condensing vessels and
active pressure tapping points

b. valve blocks enabling the transmitter to be isolated from the active
pressure and enabling the transmitter zero point to be checked

c. separate blow-off valves for cleaning the active pressure tubes.

d. 2 ways for relative pressure, 5 ways for DP,

The aforementioned valves shall be of the weld-in type.

Where a standpipe exists, the level transmitters or level switches must be
connected {o the standpipe by means of shut-off valves, 50 that the units can
be replaced easily in service. :

Local level indicators for water shall be provided with an illumination
device and indicators shall be designed so that the water column can be seen
as whole, i.e. leve! indicators only showing the level as a point will not be
accepted. Level indicators shall be equipped with shut-off valves:which
permit exchange or replacement of glasses or mica during operation.

The indicating range of local level indicators shall cover all switching points
of level switches mounted on the tank or similar as a minimum requirement.

On all forms of measurement all parts of the switch, transmitter, etc.in
contact with the process fluid shall be made of material compatible with the
process fluid. Stainless steel shall normally be used for all corrosive duties.

B0.6.19.13 Analysers and monitoring systems

B06.49.13.1 Analyses of steam and water (SWAS)

The steam and water analyzer core instruments shall comply with EPRI
(Electric Power Research Centré Inc.) guidelines.

% " The main analyzers for steam and water shall be arranged in groups in such
p way that excessively long process pipes will not be necessary.

W
#140A01/FICHT-15702705-v5 EICHTNER / BO-187
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If required by the medium to be analyzed, all samples shall be adequately
cooled and pressure reducing devices shall be provided where necessary.
Manual sampling shall be possible.

A protective device shall be incorporated in the sample cooler to isolate the
analyzer in the event of excessive temperature.

In order to eliminate the influence of conditioning agents on the
conductivity measurement, cation filters shall be provided. The cation filters
shall have visible colour indicators to show when they have to be
regenerated.

For all analyzers temperature compensation shall be provided, with the
temperature sensor being an integral part of the probe.

Chlorine residual monitors and hypochlorite concentration meters shall
preferably be able to measure high and low concentrations. Measurement of
hypochlorite concentration shall not be affected by the presence of other
oxidizing compongnts in the sample.

Individual or multiple prefabricated analyzer installations shall be used to
reduce site installation work. This prefabrication shall include sample
conditioners, analyzers, air and electrical distribution, cooling water
distribution or coolant circulating system all piped and wired on a common
frame. Interconnecting pipework and accessories shall be of stainless steel.
The arrangement shall permit testing of the entire assembly before dispatch
to site and shall be arranged for convenient removal from on-line operation
to facilitate routine maintenance asid calibration.

The sampling system shall include but not be limited to all probes, valves,
filters, coolers, drainage facilities, flow regulators, flow meters, piping and
pumps as necessary, to give the analyzer a representative and suitably
conditioned sample.

Analyzers shall be provided as follows:

Sample Point Analyzing Required
Condenser make up water specific Conductivity
Condensate pump discharge water . pH, cation Conductivity, DO
Condensate at deaerator inlet water pH, specific Conductivity
Deaerator effluent water pH, DO

- Economizer inlet waier pH, cation Conductivity, DO
Boiler blow down steam PH, specific Conductivity
Saturated steam ; cation Conductivity, Si02, Na
Main sieam cation Conductivity
HP5 heater drain water pH, specific Conductivity
Closed cooling water -~ PpH.specific Conductivity
Note: IJI'J_"-" s 3

A caik. i 4 2L ivhD)
e
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DO: Dissolved Oxygen

Chemical reagent for the sampling system commissioning period but not
exceeding 180 days shall be provided

Each automatic analysis sampling point shall be provided with a manual
sampling point to permit a sample to be easily taken. Manual sampling shall
not interrupt automatic sampling. All sampling lines shall be run to common
sampling racks on which shall be fitted all the analysis associated
equipment,

The sampled points of analyzers shall be indicated and monitored at the
local panel. ;

The corresponding analogue measuring signals (4-20 mA) and the status
signals (24V DC) shall be transmitted over serial link to the DCS.

The SWAS system, for both Units should be located at +0.0 meters in an air
conditioned room.

B0.6.19.13.2 Effluent Monitoring

The operational philosophy of water supply/ distribution system shall be
based on a continuous Possur river water quality analysis, potable water
guality monitoring, sampling and analyzing concept and shall consider
preventive and active measures against water pollution and adaption of
operating mode(s) to changes in water conditions.

Sample Extraction for Laboratory Analyses:

A tapping shaft for extraction of samples for laboratory test shall be
provided and installed at the various measuring locations, before the waste
waters are mixed with the circulating cooling water and discharged to the
sea.

Continuous Effluent Monitoring:
A continuous monitoring shall also be implemented for water quality
measurements of all kinds of discharges to the river.

The sensors for continuous monitoring of effluent parameters shall bz
located within the sample-tapping shaft. Additionally flow and tempergislse
sensors shall be mounted within the discharge lines. %( AT

Following kind of analyzers shall bz considered at [east:

pH analyzer
conductivity analyzer '
chemical oxygen demand (COD) analyzer A
biological oxygen demand (BOD) analyzer

8140A01/FICHT-15702705-v5 FICHTNER ﬂjy B0-189
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e total suspended solid (TSS) analyzer
e oil in water (OIW) analyzer

Continuous quality monitoring system shall be installed at the CES. The
corresponding electronic equipment shall be mounted in a weatherproof
container to be located nearby the point of measurement at the discharge
pipes of waste water.

The corresponding analogue measuring signals (4-20 mA) and the status
signals (24V DC) shall be transmitted by multicore cables to the DCS.

B0.6.19.13.3 Potable water quality monitoring system

Water quality control and monitoring of the Plant’s drinking water shall be
performéd at the Plant interface (downstream the potable water tanks).

The water quality monitoring system shall at least consist of, but not be
limited to the following online metering, measurement, sampling and
-analyzing equipment, inclhiding data acquisition and data storage facilities:

alkalinity

conductivity metering

pH monitoring

temperature measurement

turbidity monitoring

residual chlorine monitoring

TDS (coraputed value) )

LSI (computed value) k

sampling points and equipment for potable water sampling at the online
measuring units,

B0.6.19.13.4 Quality monitoring for fuel

.

f

B0.6.19.13.5 Analysis of exhaust gas (CEMS) :

&/ The analysis of Oz, CO, CO3, NOy, SO;, particulate matter (opacity) in the
exhaust gas shall be performed by appropriate analyzers of proven type.

For fuel oil a sampling point for discontinuous manual analysis shal
provided for the facility af the fuel oil storage tanks.

4 .J,f’ _ “The equipment shall be constructed for operation in dusty and humid

ol epvironments at high ambient and exhaust gas temperatures. The use of

t : equipment capable of multi-parameter measurement shall be considered.
Al " The reliability and response time of the Oz-analyzer shall be of the quality

e

required for closed-loop control. The accuracy of the system shall be better

8140A01/FICHT-15702705v5 FICHTNER /@/ BO-190

BIFPCL/EPC-Main Planu2015/1/
Page 209nf EQSQJ ;} U 3



2 x 660 MW MAITREE SUPER THERMAL POWER PROJECT SPECIFICATION NO PE-TS-421-501-A301

than 2.0% of the span and the drift shall be not more than 0.1% O per
week. A zirconium oxide measuring cell shall be used. Maintenance shall

not be more than once a week.

Analyzers provided shall have auto-calibration for zero and span as well as
self-diagnostic functions. Analyzers and sensors can be of extraction or

insitu type.

All equipment of the continuous emission monitoring system (CEMS) shall
be suitable for operation in dusty and humid environments at high ambjent
and flue gas temperatures. Continuous Emission Monitoring System
(CEMS) shall be provided for each unit.

If sampling of exhaust gas is used, sampling probes shall preferably be
vertically installed on the top of horizontal exhaust gas ducts, in order to
avoid blockages.

In order to keep the sampling lays to acceptable limits the analyzers shall be
located close to their sample take-off point, so that easy access to the sample
take-off point and to the analyzers shall be provided for maintenance.

The exhaust gas sampling lines shall be heated 1o prevent condensation and
shall not form a siphon in the case where condensate may be collected
during heater failure. Condensate drainage facilities shall be provided at the
analyzers. >

Generally, the analyzers and the sampling probe equipment shall be suitable
for mounting in ambient plant conditions, e.g. within a standard cubicle.
However, if this is not feasible, the equipment shall be mounted in an air-
conditioned room or container.

Power failure and system failures of analyzers shall be monitored in the
DCS by a group alarm.

Measured values and certain status signals shall be processed by an emission
evaluation computer via serial interface, to be installed within the central
control room. The emission data shall be calculated, converted, printed out

line data readout for authorities shall be provided.

B0.6.19. g(ﬁ Ambient air qualitv monitoring system (AAQMS)

; ~ =Y An ambient air quality monitoring system shall be provided consisting
¢ AAQMS stations and metrological stations. A centralized data acquisition
PC shall be installed to collect all information from the AAQMS. The
AAQMS stations shall be suitably distributed on the Plant area.

!

7 The AAQMS stations shall contain at least the following:

8140AD1/FICHT-15702705-v5 FICHTNER V CQ/ BO-191
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Analyzers for SOy, NOy, CO, O3, mercury
Multi gas calibration system

PC based data logger

UPS

Suspended particulate monitors (TSP)
Sampling inlet heads

Metrological station shall include at Jeast:

» Metrological sensors such as wind speed, wind direction, air temperature,
relative humidity (rH), solar radiation, rain gauge
» Metrological mast

All ambient gas analyzers and dust monitors shall cenform 1o the US EPA
reference of equivalent method. A proof of approvals and certificates of the
compliance of internationally reputed agencies such as US EPA, German
TUYV, etc shall be provided.

A sampling system compatible with the analyzers shall be provided. The
system shall be conipatible with analyzers for Pb (which the Employer may
procure in the future). The system shall have the facility for moisture
removal.

Built-in calibration facilities shall be provided for all analyzers. To cross
check the built-in calibration facilities of the analyzers/ monitors, a standard
multi-gas calibration system for each AAQMS station with fast response
time shall be provided.

The metrological sensors for wind speed and wind direction shall have an
accuracy of 2% of full scale. The accuracy of the relative humidity sensor
shall be 3% for the range between 10 and 90% rH.

The rain gauge shall be of self recording type and of reputed make.
Electronic recording facilities shall be provided. The instrument shall have
automatic functions for computing rainfall for pre-set time periods. The

gauge shall be rugged and be of material resistant to atmospheric corrosion
The accuracy shall be 1% for rainfall ranges above 125 mm/hr and 5%
below this value.

A metrological mast shall be provided for mounting of the metrologicy i\
sensors. It shall be complete with all necessary hangers and holders al s
with electrical earthing for the installation of the sensors. Material and

AT, ey
At ', construction of the mast shall be robust and shall be resistant to atmospheric
{! -I,/ ; gorrosion.
IS 3
\ /There shall be PC based data loggers for each AAQMS station. The entire
X ~ data capture and mean value calculation as well as control of analyzers shall
- be through user friendly software and operate on the latest Windows
. operating system. Diagnostic features shall be included in the software and
B140A01/FICHT-15702705-v5 FICHTNER B0-192
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any unauthorized access shall be prevented by appropriate measures such as
password protection.

Data loggers for the metrological station shall be provided with the
necessary analogue and digital inputs and internal memory for all collected
parameters. The data loggers shall have the capacity for future extension
with additional sensors,

Location for centralized data collection PC stations shall be decided during
basic/detailed design stage

B0.6.19.14 .Electrical value measurements

For the processing of electrical values such as voltage, current, power.

frequency etc. electronic type transmitters shall be provided to convert the
output of current and voltage transformers into an impressed direct current
in the range 4 - 20 mA, The transmitters shall be housed in the switchgear.

For power measurements precision electricity meters for asymmetrical three-
phase networks are to be supplied. Connection of the meters shall generally
be to 3 x | A current transformers and 3 x 1103 V voliage transformers.
The meter acouracy class is to be approximate to the respective transformer
classes. Instrument transformers with an accuracy class of 0.5 or better shall
be used for metering purposes.

For the purpose of billing for electrical energy and for acceptance tests, an
instrument transformer of at least class 0.2 (precision) accuracy and high
precision electricity meters of class 0.2 have to be provided. Meters for
billing purposes shall be of the approved calibrated type (certified by
independent testing stations). All meters for billing purposes are to be
provided as double 2 x 100% meters.

At all points where power direction reversal is possible, the necessary
meters for both directions are to.be provided.

The meters in the local switchgear are to be arranged behind the clear plastic
fronts of the cubicle doors so that the counter readings can be taken withou
opening the doors.

B0.6.19.15 Control valves

755( Control valve spindles and internals shall'be made of chromium steel an
,/‘{_H shall have a high resistance to wear and corrosion. Cones and seats shall be

/- / : . hard faced with materials with a high resistance to wear and corrosion.

' Housings shall be made of forged or cast steel. A hand wheel, with
pravision for switching to manual operation and a local position indicator

\ : /zhall also be provided,
- ~n
e 000706
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All control valves, orifices and nozzles shall comply with the relevant
international standards such as DIN, BS or any other which may be agreed to
by the Employer/Engineer.

Control valve characteristic shall allow smooth and continuous control of the
control parameter.

Valves shall not generate noise in excess of 85 dB(A), measured at a point |
meter downstream of the valve outlet and 1 meter from the pipe centerline.
Where this requirement must be exceeded because of physical limitation,
suitable sound attenuators shall be provided in terms of special valve trim, in-
line attenuators, isolators and enclosures to satisfy the noise requirement.

Valves shall have trim designed to avoid cavitation damage, If an application
cannot avoid cavitation entirely, material selection shall be stich as to
withstand the effects without damage.

Line strainers shall be provided upstream of control valves where required.

The valve sizing shall be suitable for obtaining maximum flow conditions
with valve opening at approximately 80% of total valve stem travel and
minimum flow conditions with valve stem travel not less than 10% of total
valve stem travel. All the valves shall be capable of handling at least 120% of
the required maximum flow. The design pressure drop across (he valve should
be 15 to 20% of the total available pressure drop at no flow.

Although control valves shall not be used for shut-off service, to provide
reasonable shut-off performance, leakage through a closed control valve shall
not exceed 1% for single ported valves or 2% for balanced ported valves.

All control valve materials shall be compatible with the fluid handled.
Materials shall be in accordance with the piping materials standard and/or as
approved. by the Employer/ Engineer.

Valve characteristics shall be selected to suit the process and control system
dynamics.

All the control valves for hoiler feedwater services should be of anti-cavita:
type with flash-flow trims and cage type to'avoid cavitation problems.

The installation shall include upstream and downstream isolating valves
and, for critical contro! valves, a bypass valve for each control valve on all
services. Unless otherwise agreed by the Employer/Engincer the bypass
valve shall have a similar characteristic as the control valve but shall

- provide tight shut-off. Any exceptions or variations to the requirement shall

be subject to the approval of the Employer/ Engineer. Where a service is
subject to a pressure above 3 bar a 25 mm vent valve shall be provided,
between the upstream and downstream isolating valves, in order to relieve
the pressure to enable maintenance to be carried out on the control valve,

BIFPCL/EPC-Main Plant/2015/1/
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B0.6.18.16

Control valves shall be adequately supported in all cases and shall be
accessible for maintenance. Local pressure gauges shall be provided
upstream and downstream of each control valve.

If as per steam turbine OEM’s proven design, isolating valves or bypass
valves are not envisaged for control valves of internal piping, same is also
acceptable.

For normal duty globe type valves shall be used.

The use of butterfly valves shall be avoided in the main plant. Where very
|arge sizes are involved (on high flows), or low pressure drops and low
static pressure are a determining factor, making globe valves unattractive or
impossible, butterfly valves may be used, They shall be of the "balanced
torque" type disc usable to the fully open position (90° opening).

The overall shaft rating shall be at least 25 % above the static pressure as
differential across the closed valve.

Multi-stage valves (e.g. multi seat or multi cage valves) shall be used on
services, e.g. steam and gas, having very high ‘pre:s_sme drops which would
result in supersonic velocity inside a conventional body and shock waves in
the piping, creating unacceptable noise levels.

Angle valves shall be provided.

o for steam pressure reducing de-superheating stations of the
"combination" type,

« for erosive services, e.g. slurries,

= on applications where solid contaminants might settle in the valve body,

« on hydrocarbon services with a tendency for “coking”.

- Ball valves shall be used for on-off and throttling services under moderate

operating conditions,

The control valves must be provided with all data important for their
identification, such as flow direction, type, nominal diameter, nominal
pressure, seating, CV value.

Actuators

Intelligent drives with integrated power switch unit and further electronics
shall be installed. Actuators equipped with integral controls shall be
supplied which can be operated via the operation elements on the local
controls as soon as power is connected, Only operation commands and
feedback signals shall be exchanged between the control system and the
actuator. Motor switching shall be performed within the device and virtually

without delay. E] 5
| | 60208
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Unless otherwise specified actuators for modulating valves and dampers
shall either be pneumatic or electrically operated. Seif contained sealed
hydraulic units may be considered where high thrusts or high speeds of
operation are required.

Aciuators for ON/OFF duty or manually positioned units shall generally be
electrical motor and/or pneumatic driven, however the use of solenoid types
on small valves shall be allowed dependent on duty.

The various types and sizes of actuators shall be rationalized and as far as
possible each type shall be from a common manufacturer to facilitate
interchangeability and spares.

In order to prevent the risk of fire or explosion pneumatic actuators shall be
used in hazardous areas and associated equipment (e.g, positioners) must be
intrinsically safe in accordance with TEC 60079-11.

Pneumatic actuators must be designed in such a way that in the event of air
failure the actuator will remain in the position immediately prior to loss of
puwer, or assume a position which is safe for the process.

With either action the failure mode shall be suitably monitored and the Plant
operator informed by some form of alarm. The failure response of all
actuators in the event of the loss of the prime mover (air pressule, oli
pressure, electrical pawer) shall be indicated on the Piping and
[nstrumentation (P&I) diagrams, valve schedules, etc.

All pneumatic tubing to control drives or actuators shall, unless otherwise
agreed to by the Employer/Engineer, be in copper which shall be sheathed in
PVC or alternatively in stainless steel.

For all actuators of control valves and dampers of main systems local

indicating pointer and position transmitters for remote indication and closed

loop feedback shall be provided in accordance with the most severe operating
conditions to be expected. The transmitters shall be designed to withstand
conditions such as high temperature, vibrations and leakage of steam and gf=—=
hot water wherever required. The protection class shall be IP 65 accordygde

[EC 60529,

All actuators shall have a handwheel for direct manual operation, Thgs)
diameter of the handwheel and geared effort shall be such that thev cah$s
reasonably operated by one man. A lockable mechanical clutch mccha.n
shall be provided to inhibit power control of the actuators when the
handwheel is operated.

The speed of response of actuators used for modulating control shall be
chosen to suit each particular application. Facilities shall be provided for
limiting the actuator movement in each direction.

-

. T B s
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B0.6.19.17

B0.6.19.18

Special attention must be paid to adequately dimensioned drives and care
must be taken to avoid any unintended displacement of the actuator on
sudden rises of pressure in the piping.

Actuators shall have fail safe operation and actuator locking device in the
event of abnormal conditions. Any abnormality on the valve shall be
transmitted to the DCS.

All electrical actuator drives necessary for the safe operation and shut-down
of the Plant in the event of 0.4 kV switchgear failure shall be connected to

the UPS.

Solenoid valves

In lines with nominal diameters of up to DN 25, as well as for piloting
pneumatic actuators, suitable solenoid valves shall be used. Valves with
power ratings up to 30 W shall be controlled directly at 24 V DC from the
DCS. For powers over 30 W, solenoid valves for 230 V AC shall be
cmp':c-yed Solenoid valves for 110 V, 230 V AC and above shall be secured
with blade fuses. Electrical connections are made by means of plug
connectors, with the mating connector forming part of the scope of supplies.

Cabling and wiring

The general requirements for cabling are as stated under relevant chapter in
Section B0.

In particular, wiring within desks and panels shall be supported on trays and
shall be segregated according ta voltage level. Wiring carrying AC and D.C.
voltage shall also be segregated.

All desks, panels, cubicles and racks shall be fat.fory-wued with regard to

the internal connections. Where desks or panels will be supplied in rnor
than one Section, electrical connections between the Sections shall be ya* )

terminal strips provided for this purpose. &

All cables must be provided at both ends, at every 20 m and every beny B
identifi catmn with 1den11f' cation in the fonn uf numbered labe]s

or identified by colour-coding.

Instrumentation cables wiil be identified by colour codes and band marking,
follow VDE 0815. The cables must be laid to ensure that they can be
replaced or renewed in a simple manner,

Spare cores shall be terminated at terminal strips in such a way as o give a
maximum length of core and shall be ferruled in such a way as to indicate
that they are spare cores. =

e 16
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All instrumentation cables including both prefabricated and non-
prefabricated type shall be with Fire Retardant Low Smoke (FRLS) type
Poly Vinyl Chloride (PVC) overall sheath. For cables that are exposed to
ambient temperatures above 60°C, teflon or silicone cables are to be
provided. For safety related equipment fire surval cables shall be provided.
The cables must be suitable for laying indoors, in the open (direct.or indirect
sunlight), in ducts, on trays, in the ground and in water. The cables must be
resistant to solar radiation. the effect of oil, seawater, bacterial action,
insects and rodents. Shields for individual pair and overall shield shall be
provided for cables for analogue signals. Cables for binary signals shall have
an overall shield. Multipair cables of 0.5 sq. mm, shall be used extensively
for 1&C cables, wherever required, prefabricated cables may also be used.

For thermocouple measurements compensation cable NiC r-Ni 2x0.5sq. mm
or 4x0.5 sq. mm with silicone insulation and pair screzn will be used.

Fiber optic cables shall be provided for Remote /O bus, CCTV, Station
LAN etc.

The fiber and cable specifications shall comply with ITU-T
Recommendation (652 and the relevant IEC standards. Each-fiber ésble
shall be supplied with at least 50% spare cores. A minimum number of four
spare cores are required.

Suitable fiber optic cable junction boxes, patch panels and patch leads shall
be provided. These shall conform to the following:

« They shall support, organize, und protect the optical fibers and the fiber
splices whilst ensuring that the optical fiber minimum-bending radius is
not exceeded.

o The splice tray shall not have any sharp edges or protrusions that
damage the optical fiber cable.

= They shall provide entry for all cables.

« [nclude number tags for tube and fiber identification, ,

s They shall provide mounting positions for the bulkhead mountec
connectors on which the cable will be terminated. W

» They shall allow patching of fibers.

¢ Outdoor mounted boxes shall be rated to [P65 in accordance with IEC
60529.

The junction boxes/ patch panels shall have a fiber capacity equal to the
total number of fibers (connected and spares) for all cables to be connected.

" Patch panels shall be designed for 19-inch rack mounting within a standard
equipment cabinet,

All unﬁscd couplings shall have protective dust covers. The patch area in
patch panels shall be accessible Xi;ovemd'behindg door or removable
cover. L3Y Ll

i g 1 000211
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Sufficient factory manufactured patch cords with suitable colour coding
shall be provided. .

Fiber optic connectors shall be standardized for ease of maintenance.

B0.6.19.19 Instrument and measuring impulse piping

Instrument impulse piping shall be supported at intervals as defined in BS
6739, The correct size of tube clips shall be used to suit the tube outside
diameter.

The Contractor shall fabricate and erect all mounting brackets for control
and monitoring apparatus including all pressure switches and miscellaneous
instrumentation. If it is found afier commissioning that any mounting frame
vibrates excessively under operating conditions, instruments within the
frames shall be isolated with vibration dampers by the Contractor or moved
to areas of low yibration.

Impulse lines shall have venting, draining and blowdown facilities. Impulse
lines between protess and sensor.shall be as direct as possible and ‘shall
include allowance for vibration and vertical and horizontal movement,
Joints in impulse lines shall be kept to a2 minimum.

All pneumatic instrument lines shall be soap tested and any leakage shall be
rectified.

While process instrument lines are being pressure testcd all instruments
shall be completely isolated or disconnected.

BO.7 Inspection and Testing

B0.7.1 General

This Section contains general requirements for inspection of material, parts,
equipment and workmanship of the Plant during manufacture, assembling
and erection and upon completion to demonstrate compliance with
specification, codes and standards and to ensure overall reliability of Plant
operation and performance.

Development and implementation of test procedures for the construction
inspection, start-up and performance testing and capacity demonstration of
the Plant shall be the responsibility of the Contractor.

The Contractor shall be responsible for providing all supplies required for
carrying out such tests, except to the high speed diesel and coal used during

Reliability Test Run and Performagce Tests.
g? 000212
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The overall testing program for the Project shall consist of the following:

workshop inspections and testing
construction inspections, and testing
mecharical completion
pre-commissioning tests

tests on completion

reliability test run and performance tests.

§ & & o o o

The Employer shall have the right to have their representatives present
during inspections and tests of Plant equipment and systems in the
workshops and during construction. The presence of the Employer’s
representatives during any inspection or test shall in no way relieve the
Contractor of its responsibility for supplying the equipment or systems in
accordance with the milestone dates,

The Employer will be notified by the Contractor in writing at least ten (10)
days prior to such testmg and inspection at workshop and two (2) days for
test at site. '

Three (3) months after effective date of Contract, the Contractor shall
submit to the Employer all relevant test documents, which shall include:

= [nspection and test program

e test standards

= type of inspection and tests

s fests which are to be witnessed by third parties.

shall submit to the Employer;

e commissioning test program
* commissioning procedures
« tests on completion.

Six (6) months after effective date of Contract the Contractor shall submit to
the Employer for the Performance Tests:

+ test program

s test standards

e manpower and deplu,ment schedule of the Contractor for performing the
tests forms of test records and report

« description of instrumentation to be used, including accuracy, and
calibration test results

« method of data recording

» method and equations/correction curyes used for adjustment of recorded
data to the design conditions. :

r.' L i 5
: Q20213
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The results of all tests shall be certified by the manufacturer, Contractor or
independent agency as appropriate.

Document files containing material certificates, welding procedures, test
report etc, shall be compiled for each item of plant and shall be suitably
identified (including equipment classification reference) and bound.

B0.7.2  Testing during manufacturing

B0.7.2.1 Material tests

Major steel forgings
Purchase specifications shall clearly state the quality and inspection
requirements and should include:

Chemical composition range

Heat treatment

Mechanical test specimen locations
Mechanical properties )
Magnetic properties (when applicable)
Non-destructive testing

= methods and procedures

= stage and extent of application

« recordable indication size

« allowable indication size

8. Thermal stability test (HP and reheat turbine shafts only).
Each forging shall be suitably marked with an identification number which
shall transfer throughout all machining stages, The identification number

shall be indicated on all documents relating to the forging,

mP oo oo

Repair welding will not be permitied on rotating parts and on other cofes
ponents the proposal will be subject to approval by the Employer’s
Representative.

Rotor forgings ; N
The profile of forgings at the stage of final ultrasonic inspection should be
such as to minimize the regions where complete coverage is not possible.
Ultrasonic indications should be measured by the equivalent flat bottomed
hole or AVG (DGS) method.

The toughness of rim and core (where applicable) material shal] be eva-
luated by testing Charpy V impact specimens over a range of temperatures
and thus determining the 50% fibrosity fracture appearance temperature

(FATT). % ——
: 080214
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Allowable indication size and material toughness are interdependent design
related criteria and the Contractor must be prepared, if requested by the
Employer’s Representative, 10 justify his proposals by reference 10 fracture
mechanics calculations.

Bores, when provided, shall be magnetic particle inspected and a-suitable
intrascope used for examination.

Residual stress measurement shall be provided for rotor forgings.

Major steel castings
Purchase specifications shall clearly state the quality and inspection
requirements and should include:

Chemical composition range

Heat treatment

Mechanical test specimen locations
Mechanical properties
Non-destructive testing

« methods and procedures

» stage and extent of application
« recordable indication size

» allowable indication size

Other tests
g. Standard weld repair-procedure

IR

™

Each casting shall be identified by hand stamped or cast-on reference
numbers which shall be indicated on all documents relating to the castigfe

Non-destructive testing
Minimum requirements are as follows:

a. Crack detection of critical areas of castings which in the case of casting
to operate at high temperature or high pressure shall consist of 100% of
all accessible areas. Magnetic particle inspection shall be used for
ferritic steel castings.

b. Ultrasonic inspection of all surfaces of castings to operate at high
temperature or high pressure.

¢. Ultrasonic thickness checlc of critical areas.

d. Radiographic examination adjacent to future butt weld regions
(Acceptance Standard Level | of ASTM E446 or E186 as appropriate).

e. Radiographic examination shall also be used to assist in defining defects
indicated by ultrasonic inspection.

f. Blue matching on the parting plane between upper half and lower of the

turbine casing
g. Creep test shall apply for high chrome casting and forg1 g, in particular
when used for more than 540°C. " ’QA'
0C0215
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In addition to being applied as necessary quality control on as cast items,
inspections outlined in a) and b) above shall be applied to the finally heat
treated casting.

Prior to non-destructive testing all surfaces shall be satisfactorily prepared
and visually examined.

Either colour matching of casting by putting two halves together or feeler
gauge thickness check from outside to ensure required contact area and joint
tightness are acceptable

Repair Welding

Unacceptable defects observed by visual examination o1 indicated by non-
destructive testing shall be excavated by chipping or thermal gauging and
grinding and their complete removal proved by crack detection.

In the case of excavations which penetrate more than 25 mm or 50% of the
wall thickness or cover more than 10,000 mm® area the Employer’s
Representative written approval of the proposed repair must be obtained.

Only welders qualified by performance tests on similar cast materials shall
be used. -

On completion of repair welded areas shall be ground smooth and carefi] Iy
blended into the surrounding material. The repaired areas shall be surface
crack detected; magnetic particle inspection being used for ferritic steel
castings and in addition ultrasonic inspection shall be used on castings to
operate at high temperature or high pressure.

After repair weldings hardness shall be checked.

Steel Piates and Sections ‘ AR
The following requirements, which may be supplementary to the appheds
material standards, shall be considered when selecting material grades:

* impact testing of plate or Sections over 50 mm thick (impact require-
ments to be dependent on application).

* ultrasonic testing of plate where the presence of non-metallics may
interfere with the interpretation of ultrasonic testing of future welds;

» ultrasonic testing and through thickness ductility measurement, where the
application involves the risk of lamellar tearing in the material at regions
of high restraint (e. 2. at set-on nozzle locations or eruciform Jjoints);

* ultrasonic testing clad materials to detect lack of bonding, (Proposed
rectification procedures shall be submitted for the approval of the
Employet’s Representative).

Reinforced Thermosetting Resin Pipes %ﬂ
Checks shall be made on all raw materials to ensure that they comply with the

levant ASTM Standard. Ao
re & 020216
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All deliveries of resin shall be checked for consistency by viscosity and
reactivity. Any resins deviating from the manufacturer's published figures
shall not be used.

Testing of reinforced therniosetting resin pipes:

* Long term hoop strength (type test for pressure pipes only)

e Inaccordance with ASTM D2992 Procedure B with the exception that
the test results shall be extrapolated to determine the stress which the
pipe can withstand for a period of 60 years without failure. The lower
95 % confidence limit at 60 years shall also be calculated.

e Hydraulic test [

» 100 % of the pipes shall be subjected to an internal hydraulic pressure
test at the manufacturer's works prior to delivery, The test shall be
applied to a pressure equal to 1.5 times the maximum working pressure
stated for each classification of pipe. The test pressure shall be applied
for a minimum period of 5 minutes without signs of leakage.

In addition to the above the first pipe and every thirtieth thereafier of
each class and diameter shall be maintained at test pressure for a
minimum of 4 hours without signs of leakage.

« Each pipe and fitting shall be subjected to an internal low pressure air test
at the manufacturer's works prior to delivery. The test pressure shall be an
overpressure of .1 bar and this shall be applied for 2 minimum period of
5 minutes without signs of leakage or distress. Fittings which are of
mitred construction shall be manufactured from pipes which have
successfully passed the tests defined above.

= Dimensions
The dimensions and tolerances of all pipes shall be determined in
accordance with the relevant standards (e.g. DIN 16965, DIN 16964,
DIN16867, DIN 16868, DIN EN 14364)

» Stiffness ;

A minimum of one pipe for every 30 pipes manufactured shal] be tested
for stiffness in accordance with AD 2000 HP110R and N1. A minimum
of one pipe of each class and diameter of pipe shall be tested.

e Longitudinal and hoop tensile strength

« The tensile strength properties of a minimum of one pipe for every 100
pipes manufactured shall be measured in accordance with AD 2000
HP110R and N1. A minimum of one pipe of each class and diameter of
pipe shall be tested.

s Cure
Curing, to be tested by the Barcol Hardness test determined in accordance
with DIN EN 59: 100% of the produced pieces. Minimum acceptable _
hardness is 90% of the value recommended by the resin manufacturer of
the particular resin used, when non-reinforced,

The sample pipe shall also withstand a commercial acetone test on the
internal portion of the laminate,
040217
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e Loss on ignition
A minimum of one pipe for every 30 pipes manufactured shall be tested
in accordance with ASTM-D 2584 "Standard Method of Test for Ignition
Loss of Cured Reinforced Resins".

» Joint tests

= A minimum of two pipes in every 100 pipes manufactured shall be
Jointed and tested in accordance with the requirements of Section 7.2 of
ASTM-D 3262.

» Visual inspection

* Each pipe and fitting shall be subjected to a complete visual inspection
before shipment in accordance with ASTM-D 2563.

= Vacuum test

= Vacuum test for those piping Sections being operated under vacuum shall
ve carried out for each diameter once at beginning of production, The
vacuum to be applied shall be equivalent to the condition which ocours
during full vacuum. The corresponding derated vacuum for this test shall
be proved by the pipe manufacturer.

= Failure of tests on completed pipes 1

* In the event of a specimen not fulfilling the minimum requirements for
strain corrosion resistance, all pipes of that classand diameter which
have been manufactured shall be rejected and shall be replaced entirely.

Any pipe or fitting which fails any of the quality control tests which are to
be carried out on each and every pipe or fitting shall be rejected. Tn the even;
of any pipe failing any of the remaining tests outlined above that pipe shall
be rejected and the relevant test shall be carried out on a further ten pipes of
that class and diameter, If any one of these ten pipes fails than the
manufacture of pipes of that class and diameter shall cease and the
Employer reserves the right to reject all the pipes of that class and diameter,

Thermal insulating materials ;

Materials shall be tested for bulk density, specific heat, compressive
strength, fire resistance under pressure, service temperature limit in
accordance with VDI 2055 or equivalent standards,

HP Piping
Ultrasonic inspection of all HP piping shall be performed at magufacturers
place and proven by certificates. a&/

B0.7.22  Manufacturing tests 87
- _ h
RT is not carried out for pulverizer component. | . ;
L} \‘ /

B0.7.2.2.1 Welding tests = -y

Non destructive examination of pressure and vacuum containment

welds

Welds shall be non-destructively tested in accordance with the construction
8140A01/FICHT-16702705-v5 FICHTNER B0-205
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standard applicable to the item of plant. In addition the requirements of the
following Table 1 shall be observed. Table 1 shall also apply in cases where
the standards used for design and construction of an item of plant does not
specify the quality requirements for welds. Fault limitations to be subject of
agreement with the Employer’s Representative prior to fabrication.
Hardness testing shall determine the hardness for welds and heat affected
zone according to all scale i.e Vickers (HV10) , HRC and HB.

Non destructive examinations of steam turbine internal piping will be
performed by Radiographic examinations.

The Bidder/Contractor has to fulfil the requirements specified in ASME
B31.1 and the stricter requirements of the VGB Guideline R 503,

For turbine internal piping 15% of welds will be checked by radiographic
testing. If failures are detected the inlensity of testing will be increased
which means even more than 15% of the welds will be tested.

Hydraulic tests for steam turbine internal prefabricated pipe systems must
not be executed, in case equivalent non destructive examinatjons of steam
turbine internal piping are performed by radiographic examinations. The
requirements specified in ASME B31.1 and the stricter requirements of the
VGB Guideline R 503 shall be fulfilled.

The test procedure ISO 6507-1 or equivalent shall be used, Mint:nwr 3
hardness locations shall be tested for the weld. On circumferential welds the
test locations shall be located at 1207 dIStHIlCE Hardness tests shall be
conducted after PWHT,

Following percentages of welds shall be hardness tested.

Carbon steels or low allow steels, (<:2%Cr] 10%
2.5% Cr steels 50%
9 - 12% Cr steels [00%

Austenitic steels =

""":-—-h
i » = \
A T
'.‘/ ! \.ll
Yoo
| |4 . . 'J
Py
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Non-destructive examination of structural welds

Welds shall be non-destructively tested in accordance with the construction
standard applicable to the item of plant. Where appropriate, the following
requirements shall also be observed:

* magnetic particle testing of the tension side welds in major fabricated
girders and Sections,

= ultrasonic examination of heavily restrained welds (e, g. cruciform joints)
where there is a risk of lamellar tearing in the parent material.

Weld Repairs

Unacceptable defects observed by visual examination or indicated by non-
destructive testing shall be completely removed by chipping or thermal
gouging and grinding. The resulting excavation shall be crack detected prior
to rewelding.

Details of the original defects and repair shall be recorded.

Repaired welds shall be subjected as a minimum requirement to the same
inspection requirements as the original welds and test records should
mndicate that a repaired weld is referred to.

B0.7.2.2.2 Pressure testing

All items subjected in service to internal pressure or vacuum shall, unless
otherwise agreed, be pressure tested in the manufacturer's works and at site
and prior to any internal or external coating.

In case pressure test can’t be executed at site NDT checking of welding shall
be 100%.

Pulverizer assembly shall be excluded from Pressure testing, Required NDT
will be carried out during manufacturing stage to ensure quality. (RT will
not be carried out for Pulveriser Component)

Hydrostatic testing _
Suitable water shall be used as the test media unless otherwise agreed. The

test pressures shall be in accordance with ASME,
The test pressure shall be no less than the greater of

s the pressure corresponding to the maximum loading to which the
pressure eauipment may be subject in service, taking into account its
maximum allowable pressure and its maximum allowable temperature,
multiplied by the coefficient 1.25 '

Prest = 1.25 ¥ PS * fio/f

» maximum allowable pressure, multiplied by the coefficient 1.43,
&( £ o N
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Prest = 1.43 * PS * fio/f

Where:

& D test pressure (hydrostatic)

= P§ design pressuce

s e nominal design stress for design conditions at test
temperature

s f nominal design stress for design condition at design
temperature

The design pressure shall be in any case not less than 3.5 bar overpressure.

Test pressure of vacuum containment items shall be agreed with the
Employer’s Representative. Any local legal requirement prevails,

The test pressure shall be maintained for sufficient time to permit complete
visual examination of all surfaces and joints and in no cases less than
specified in the applicable construction standard,

The chloride content of water used for testing austenitic stainless steel items
shall not exceed 30 ppm unless immediate flushing with water of this
guality is done after the test.

Pneumatic testing

The Contractor shall apply pneumatic testing in cases where hydrostatic
testing is impractical or undesirable (2.g. oil pipes). Safety precautions, test
+pressures/duration and degree of prior non-destructive examination of the
subject items shall be agreed with the Employer’s Representative.

Pneumatic or gas leak testing supplementary to hydraulic testing shall be
applied in appropriate cases where specified by the applicable construction
standard.

B0.7.22.3 Testing of corrosion protection

Surface coatings
Following tests have to be performed before, during and after coating;

visual inspection of blasted surfaces according to ISO 12944
test the blast profile with a profile gauge

checking of coating material

measurement of air humidity, air temperature and coating substrate
temperature and determination of dew point
= visual inspection of coating

» checking of dry film thickness (DFT); All zinc rich paint used for such

repairs must contain @ minjmum of Biﬁ'ﬁfmags of zinc in the dry film.
q;( £ B
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B0.7.2.2.4

B0.7.225

B0.7.2.2.6

\

/ y )
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* checking of adhesion with a dolly pull adhesion tester in accordance with
ASTM D4541-09 type Al

Galvanized zinc coatings
Surfaces shall be visually inspected. Bare patches, lumps blisters or
inclusions of foreign matter shall be cause for rejection.

Zinc coating thickness shall be determined non-destructively in accordance
with ISO 2178 or coulometrically in accordance with ISO 2177 (or ASTM
equivalent), For coatings with a weight exceeding 900 g/m? the coulometric
test method specified in 1SO 2177 shall be used.

Hard rubber linings
Surfaces shall be visually inspected. Uneven surfaces, splits, blisters or
inclusion of foreign matter shall be cause for rejection.

The thickness of linings shall be measured in accordance with EN 14879 or
equivalent. A tolerance of + 10 % is permitted for rubber coatings of 3 mm
nominal thickness,

Hardness tests shall prove compliance with the rubber manufacturer’s
standards.

The absence of pores shail be proved by the induction sparking test method,
The potential used shall be 5000 Volts for each mm of thickness plus an
additional 5000 Volts (i. e. potential of 20,000 Volts for 3 mm thick lining).

Testing of pressure part assembly

Trial assembly shall be checked at the manufacturing place before shipment,

Testing of auxiliary and ancillary systems

The Contractor shall provide in his TTPs the specialised checks for various
equipments like idlers, pulleys, conveyor belts, coal crusher, stacker
reclaimer, coal unloaders, vacuum pumps, air compressors, bottom ash
handling equipments, pumps, valves, pipes, EOT & hoists, inert gas system,
deluge valves, foam system

The Contractor shall also follow the requirements for testing in the Seetio 15
Bl to B12,

Hangers i

Load Test for hangers (in particular spring type) and supports in particul
for HP piping shall be executed. All hangers shall be pre-loaded at the
manufacturing place, AT

i

[y
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B0.7.23 Mechanical equipment
Rotating units

Balance testing of rotating umits

Each rotating unit shall be first statically balanced and then dynamically
balanced according to 1SO 1940 (in the case of impellers this shall be done
before and after mounting of the service rotor shaft). However, Generator
rotor will be dynamically balaned according to ISO 11342. A check balance
of items that have undergone overspeed test shall also be made.

Vibration testing of rotating units

The vibration characteristics of rotating units shall be measured during
performance tests. Locations of measurement and standards ro be achieved
shall, on request, be subject to agreement by the Employer’s Representative.

Pumps

Running tests and performance tests shall be conducted on all pumps:
Performance tests shall be conducted through the full operation range of the
pump to closed valve conditions. Graphs indicating flow/head, flow/ power
absorbed, flow/ efficiency, flow/NPSH and speed shall be produced.
Results for feedpumps shall be assessed with reference to ISO 9906 class 1
(without construction tolerances), and results for other pumps to class II or
11T as agreed. No negative tolerance on head, capacity and =fficiency and ro
positive tolerance on power are accepted.

The lubricating oil used in the test shall be of the same brand and grade as
that recommended by the manufacturer for service use.

Dismantling of the pump for visual examination of parts for damage
following test shall be done when required by the inspection standard, when
considered necessary by the manufacturer, or when requested by the
Employer’s representative witnessing the running or performance tests.
Replacement of parts following test shall necessitate repeat testing.

Clearance check of the pumps and bal ancing test of the impeller (acc. to
VDI 20160 or eq.) shall be conducted before pump commissioning.

Pump tests shall be carried out with the motor, as supplied with the pump. In
case several pumps of same size and typ are supplied, test can be carried out
with the same motor.

) Ship Poyy
k“ﬂ‘é G@ .;,‘

BIFPCL

-, Pumps under the scope of auxiliary package/systems shall be tested with
[ f'/ : calibrated shop motor. The high energy pumps including turbine lube oil an
' control ail pumps shall be tested with job motor (with the moter, as supplied

\ ’ /’wim the pump).
——t
Full load full speed/back to back locked rotor torque test for one gearbox shall

be ensured.

212
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No-load mechanical run test for boiler feed pump drive turbine as per
AP1612/1S0 10437 to be ensured.

Steam turbines
The turbines shall be completely assembled with their control; on a suitable

erection rig at the manufacturer's works and shall be carefully inspected and
measured for manufacture and assembly tolerances,

Stop and governing valves shall be delivered and installed
separately. Therefore stop and governing valves will he inspected and
measured for manufacture and assembly tolerance seperately.

Functional tests shall be performed on the safety equipment (running with
steam is not requested).

Important itemns of turbine control equipment which cannot be adequately
tested during the main tests shall be separately bench tested.
Furthermore, testing shall be in accordance with TEC 60953-1 and comprise:

« balancing and overspeed test of the assembled rotor,
¢ measurement of radial and axial clearances,
= assembling inspection.

Minimum clearances between shaft seal casing and shaft seal ring, radial
and axial blade clearances in blading section. axial and radial alignment of
rotor in respect of shaft seals, alignment of overspeed governor ete. shall be
ensured and veiified by Bidder/Contractor.

Testing of free standing blades natural frequency and moment weight shall
be performed for IP & LP blades.

All moving blades over 225 mm of active length shall be moment weighed
and assembled on shaft in a prescribed sequence to ensure optimum
balancing of rotor. Natural frequency of LP turbine blades shall be
determined before mounting on rotors to ensure that the same are outside

operating frequency range.

33( No Joad run test or a rig test at the workshop as per
Bidder's/Contractor's/fOEM's practice for the two main turbines is

S T+ acceptable.

oy Air compressors
. Ajr compressors shall be tested in accordance with the requirements of 1ISO
\‘ 17 or equivalent standards. Any request for deviation from the test

% ~tonditions shall be accompanied by the manufacturers' proposals for the

"7 adjustment of the correction factors contained in the standard.
Tolerances will be allowed according to 1SO 5167-1.
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