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1.0 This document covers the basic technical features of high tension (HT) and low tension (LT) squirrel 
cage induction AC motors employed for driving auxiliaries of BHEL-PEM scope packages in 2 x 660 
MW ENNORE SEZ STPP.

2.0 CODES AND STANDARDS 
The motors shall generally conform to IS 325/IEC-60034. LT motors above 10 kW with 
continuous duty (S1) shall be energy efficient IE2 conforming to IS-12615: 2011.

3.0 DESIGN REQUIREMENTS  

3.1 General Requirements 

 The design ambient temperature shall be 50 deg C. 

3.2 Supply system and rated voltage of motors  

3.2.1 Supply voltage & variations shall be as follows:-

Voltage variation (AC Supply)        (+/-) 10% 
 Frequency variation      (+) 3% to (-) 5% 
 Combined V & F variation 10% (sum of absolute values) 

3.2.2 Motors shall be capable of running continuously at rated output for each of the conditions specified. 

3.3 Motor Rating 

 Motor ratings shall be adequate to meet the requirements of the drive equipment. Motors shall be 
continuously rated at the design ambient temperature of 50 degree C and relative humidity of 85%. 
Maximum continuous motor ratings shall have at least a 10% margin above the maximum load demand 
of the driven equipment under entire operating range including voltage & frequency variation. 

3.4 Starting Requirements 

3.4.1 Motor shall start smoothly and rapidly. Motor characteristics such as speed, starting torque, break away 
torque and starting time shall be properly co-ordinated with the requirements of driven equipment. The 
accelerating torque at any speed with the minimum starting voltage shall be at least 10% of the motor’s 
full load torque. 

KW rating Supply system Rated voltage of motor 
Above 1500 kW 11 KV  11 KV 
Above 160 kW up to & 
including 1500 kW 

3.3 KV 3.3 KV 

From 200W up to & including  
160 kW 

415 V 415 V 

Below 200W 240V 240V 

IE3
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3.4.2 Motors shall be capable of starting and accelerating the load with direct on line starting without 
exceeding acceptable winding temperature. 

Minimum Starting Voltage requirement for all motors (except mill motors):  
1. 85 % of rated voltage for motors up to 1000 kW  
2. 80 % of rated voltage for above 1000 kW and up to 4000 kW  
3. 75 % of rated voltage for above 4000 kW  

3.4.3 The locked rotor current of the HV (11 kV) motors (except MDBFP motors) shall not exceed 650% of 
full load current inclusive of tolerance as per IS: 325 and for MV (3.3 kV) motors locked rotor current 
shall not exceed 700% of full load current inclusive of tolerance as per IS: 325. For LT motors (except 
energy efficient motors) locked rotor current shall not exceed 700% of full load current inclusive of 
tolerance as per IS: 325. For LT energy efficient motors above 10kW with S1 duty, locked rotor current 
shall be as per IS: 12615-2011. 

3.4.4 The following frequency of starts shall apply to HV (11 kV), MV (3.3 kV) & LT motors  

i) Two nos. consecutive cold starts in quick succession with third start after 5 minutes in cold 
condition.

ii) Two nos. consecutive hot starts in the interval of 15 minutes in hot condition. 

3.4.5 Locked motor withstand time of motors under hot condition at highest voltage limit shall be as follows: 

a) For motors with starting time up to 20 sec. 

  -   at least 2.5 sec. more than starting time. 

 b) For motor with starting time above 20 secs but not exceeding 45 secs. 

- at least 5.0 sec. more than starting time. 

c) For motors with starting time above 45 secs. 

-   at least 10% more than starting time. 

 The starting time of the motor referred above is at minimum permissible voltage. For motors and in 
cases where the above requirements are not complied with, speed switches of approved make & type 
shall be provided to bypass the locked rotor protection for a pre-selected time during starting of motors. 
The speed switches shall have one NO & one NC contacts having maximum interrupting capacity of 5 
Amps at 240V AC and 0.25 amps at 220 V DC. 

3.5 Running Requirements 

3.5.1 Motors shall run satisfactorily at a supply voltage of 80% of rated voltage for 5 minutes with full load 
without injurious heating to the motor. 

3.5.2 Pull out torque at rated voltage shall not be less than 205% of full load torque. It shall be 275% for 
crane duty motors.

3.6 Stress during bus Transfer: 
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3.6.1 Motors shall withstand the voltage and torque stress developed due to the application of 150% of the 
rated voltage for at least 1 sec. caused due to vector difference between the motor residual voltage and 
the incoming supply voltage during occasional auto bus transfer. 

3.6.2 Motor windings shall be adequately braced to satisfactorily withstand the mech. Stresses during above 
condition.

3.6.3 Motors shall be capable of withstanding heavy in-rush transient current caused by bus transfer without 
damage. 

3.6.4 Motor and driven eqpt. Shafts shall be adequately sized to satisfactorily withstand transient torque 
under above condition. 

3.7 Noise level 

 The maximum noise level for motors shall be in line with IS 12065. 

3.8 Vibration 

 The maximum vibration for motors shall be in line with IS: 12075. 
3.9        Crane duty motors will be of squirrel cage induction motor and shall suit the duty class 
S4, cyclic duration factor 40% and 300 starts. Crane duty motors shall be provided with 
VVFD for speed control.

4.0 CONSTRUCTIONAL FEATURES 

4.1 Degree of Protection 

4.1.1 Indoor motors shall conform to degree of protection IP: 54 as per IS: 4691. Outdoor motors shall 
conform to degree of protection IP: 55 as per IS: 4691 and shall be of weather-proof construction. 
Canopy shall be provided for outdoor motors. CW motors (in case of screen prot. Drip proof) shall 
conform to degree of protection IP: 23 as per IS: 4691. The degree of protection for terminal boxes 
shall be IP 55 for outdoor area & IP 54 for indoor area as per IS 4691. 

4.1.2 The stator laminations shall made from suitable silicon steel/magnetic steel sheet varnished on both 
sides and pressed to form a rigid core. 

4.1.3 The rotor shall be of rigid cage construction with die cast aluminium / copper alloy / copper bars firmly 
wedged in bar slots and brazed to the end rings. The rotor cage shall be designed to operate 
satisfactorily under respective starting and load duty cycle. 

4.2 Enclosure and Cooling 

4.2.1 Motors shall generally have totally enclosed fan cooled (TEFC) or totally enclosed tube ventilated 
(TETV) enclosures or Closed Air circuit Air (CACA), the method of cooling conforming to IC-0141 or 
IC-0151 or IC-0161 of IS: 6362 up to 3000 kW motor. CW Motors may be screen protected drip proof 
(SPDP).

4.2.2 Motors shall not be provided with any electric or pneumatic operated external fan for cooling the 
motors. 

1
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4.2.3 Frames shall be designed to avoid collection of moisture and all enclosures shall be provided with 
facility for drainage at the lowest point. 

4.3 Class of Insulation 

 HV/MV/LT motors shall have class F insulation. The temperature rise of all motors shall be limited to 
the limits applicable to Class ‘B’ insulation. In case of continuous operation at extreme voltage limits, 
10deg C rise above the temperature limits specified in IS: 325 shall be permissible. 

4.4 Bearings 

4.4.1 Horizontally mounted motors shall have grease lubricated ball/roller or sleeve bearings. For HV/MV 
motors, the bearings shall be regreasable type and for LV motors, these bearings can be either sealed 
life lubricated type or regreasable type as per manufacturer’s standard.  

4.4.2 The vertical motors shall have a combined thrust and guide bearing on top and guide bearing at bottom. 
If the ball or roller bearings can take vertical thrust, thrust and guide bearing need not be provided. 

4.4.3 After taking all motor driven equipment loads and thrust (if any) into account, the bearings shall be 
suitable for min. 20,000 working hours. Re-greasable bearings shall be provided with grease nipples 
and relief holes for on-line re-greasing and shall be suitable for 8000 working hours without changing 
of the grease. 

4.4.4 The bearings of solidly coupled motors shall be of the same type as those of the driven equipment. 

4.4.5 For motors below 15 kW shall be provided with sealed ZZ bearing. 

4.4.6 Motors rated above 1000kW shall be provided with insulated end shield on non-driving end to prevent 
flow of shaft current. 

4.5 Terminals and Terminal Boxes 

4.5.1 Motors of rating 90 kW and up to 160kW will be controlled by air circuit breaker with numerical 
protection. For all motors of rating up to 90kW shall be provided with MCCBs. The terminal box of 
motors for HV (11 kV), MV (3.3 kV) & LT motors shall be designed for the maximum fault current for 
a duration of at least 0.25 secs. 11kV & 3.3kV motors terminals shall be able to withstand 44kA for 
0.25 seconds. 

4.5.2 Unless otherwise specified or approved, phase terminal boxes of horizontal motors shall be positioned 
on the left hand side of the motor when viewed from the non-driving end.  

4.5.3 For HV/MV motors, the main terminal box shall be of phase-segregated type with clamping 
arrangement for the terminals. 

4.5.4 Connections shall be such that when the supply leads R, Y & B are connected to motor terminals A B 
& C or U, V & W respectively, motor shall rotate in an anticlockwise direction when viewed from the 
non-driving end. Where such motors require clockwise rotation, the supply leads R, Y, B will be 
connected to motor terminals A,C,B or V, W & U respectively. 

4.5.5 Permanently attached diagram and instruction plate made preferably of stainless steel shall be mounted 
inside terminal box cover giving the connection diagram for the desired direction of rotation and 
reverse rotation. 

1
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4.5.6 Motor terminals and terminal leads shall be fully insulated with no bar live parts.  
4.5.7 Separate terminal boxes shall be provided for space heaters and temp. Indicators. If this is not possible 

in case of LT motors, the space heater terminals shall be adequately segregated from the main terminals 
in the main terminal box. Detachable gland plates of thickness 3 mm (hot/cold rolled sheet steel) or 4 
mm (non-magnetic material for single core cables) with double compression tinned brass glands shall 
be provided in terminal boxes. 

4.5.8 Phase terminal boxes shall be suitable for 360 degree of rotation in steps of 180 and 90 degree for HT 
and LT motors respectively. 

4.5.9 Cable glands and cable lugs as per selected cable sizes shall be provided in line with cable erection 
philosophy. For single core cable termination, gland plates shall be of non-magnetic material. 

4.6 Grounding 

 Two separate earthing terminals suitable for connecting G.I. strip grounding conductor shall be 
provided on opposite sides of motor frame. Each terminal box shall have a grounding terminal. 

4.7 General 

4.7.1 Motors provided for similar drives shall be interchangeable. 

4.7.2 An arrow block shall be screwed on the body of the motors on the non-driving end to indicate the 
direction of rotation of the motors. 

4.7.3 Motors for Fuel oil unloading and drain oil pumps located in hazardous areas shall be with flame-proof 
enclosures in accordance with IS 2148 / IEC 60079. 

a) Fuel oil area:                                          Group - IIB. 

  b) Hydrogen generation plant area:           Group - IIC   

4.8     Neutral terminal box of motors rated 1000kW and above shall provision of mounting   
          Neutral CTs of PS class identical to the CTs to be provided at switchgear end. Further the    
          neutral terminals of HV motors rated below 1000kW shall be accessible. 

5.0 ACCESSORIES

5.1 SPACE HEATERS 

 All motors rated 30KW and above shall be provided with space heaters to maintain the motor internal 
air temperature above the dew point. Space heaters shall be suitable for a supply of 240V AC, single 
phase, 50 Hz.  

 The leads from space heaters of each motor shall be brought out to a separate terminal Box. Space 
heaters shall be mounted inside the motor in accessible places so that their removal and replacement is 
simple. 

5.2 RESISTANCE TEMPERATURE  DETECTORS (RTDs) 

5.2.1 HV/MV motors stator windings shall be provided with 12 nos. Simplex 3 wire Platinum RTDs with 
100 ohms resistance at 0 deg C for remote monitoring of winding temperature. The leads from RTDs of 
each motor shall be brought out to a separate terminal Box. 

1
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5.2.2 For HV/MV motors, each bearing shall be provided with 1 no. Duplex 3 wire Platinum RTDs with 100 
ohms resistance at 0 deg C for remote monitoring of bearing temperature. The leads from these RTDs 
shall be brought out to a separate terminal Box or the terminal box same as for winding RTDs. 

5.3 DIAL TYPE TEMP. INDICATORS 

5.3.1 For HV/MV motors, each bearing shall be provided with dial type thermometer with adjustable alarm 
contact and resistance type temperature detector. The indicators shall have 2 nos. NO contacts rated for 
5A, 240 V AC and 0.5 A, 220 V DC for alarm/trip purpose.  

5.4 Vibration monitoring pads 

5.4.1 Provision shall be made in all HV/MV motors for mounting vibration detectors. 

6.0 NAME PLATE 

 Motors shall have stainless steel name plate with all particulars as per IS: 325. In addition bearing 
identification number and type of lubricant is to be indicated. 

7.0 PAINTING 

 Motor including fan shall be painted with corrosion proof paints of colour shade Siemens grey (RAL 
7032). 

8.0 TESTING 

8.1 Type Tests 

 For HT & LT Motors, type test reports for type tests as per IS: 325/ IS: 12615 conducted on equipment 
similar to those proposed to be supplied and carried out within last five years shall be submitted. 
However, if such reports are not available, one motor of each type shall be subjected to type tests for 
free of cost. 

8.2 Routine Tests 

 All motors shall be subjected to routine tests as per IS: 325/ IS: 12615 in the presence of customer or 
customer representative.
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 GENERAL REQUIREMENT 

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

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

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

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

5.0 The customer specification attached as Specific Technical Requirement will supercede the Data 
sheets, if there is any mismatch.
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SPECIFIC TECHNICAL REQUIREMENTS (C&I) 

AIR CONDITIONING SYSTEM 
 

 
 

 

Specific Technical Requirements (C&I): 
 

1. Integrated microprocessor based control system along with suitable 
operator interface shall be provided for each Instrument Air 
Compressor & Service Air Compressor. The individual compressor 
shall be microprocessor based and one number redundant 
PROGRAMMABLE LOGIC CONTROL (PLC) shall be provided for 
overall control of all compressors. The PLC system shall have hot 
redundant processors, and shall also have redundancy in 
communication system and power supply. The PLC shall be provided 
for overall monitoring, control and operation, loading, unloading and 
auto standby start of compressors, dryers, control valves, solenoid 
valves, field instruments, etc. One no. OWS (24” LED), One no. 
OEWS (24” LED), One no. B/W Laser Jet Printer (LJP) & one no. A3 
sized Dot Matrix Printer (DMP) shall be provided along with the PLC.  

                 
2. The communication between PLC and Main plant DCS shall be 

redundant and type of soft-link shall be MODBUS on RS-485. For 
communication between main plant DCS and PLC, the PLC end shall 
be considered as server and DCS shall be considered as client. PLC 
shall have provision for hardwired signal exchange with DCS for 
monitoring of major equipment’s status and abnormal conditions only.  

 
3. PLC control system shall be time synchronized with the Master clock 

system of the main plant to ensure uniform time indication throughout 
the Plant. The required provision (IRIG-B) shall be made by the bidder 
at the PLC end to achieve the same. 
 

4. The software and hardware for offered PLC system shall be of latest 
version and shall be upgradable. Bidder to ensure the availability of 
spares and service support for the offered PLC system for minimum 
15 years after guarantee period. 

 
5. Provision for redundant soft interfacing and Hardwired interfacing shall 

be included for signal exchange between Compressed Air System’s 
PLC and individual compressor’s Microprocessor based control panel. 
The common PLC shall have redundant interfacing(not in daisy serial 
link) with each individual compressor’s microprocessor based control 
system, and HW signals required for command, status, local/remote 
operation, interlock & protection of complete processor package. 

 
6. All electrical actuators shall be conventional of integral starter type.  
 

Page 198 of 617



 
 
 

 

2X660 MW ENNORE TPP 

 

 
 

 
SPECIFIC TECHNICAL REQUIREMENTS (C&I) 

AIR CONDITIONING SYSTEM 
 

 
 

 

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

 
8. The solenoid valves shall have limit switches for open/close feedback.  

 
9. Interface of MCC, HT SWGR, Actuators etc. with PLC based control 

system shall be as per Drive Control Philosophy attached in the 
specification. The attached philosophy is for DCS based control 
system. However, the same is applicable for PLC as well. 

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

JBs/Panels shall be in Bidder's scope. RTD’s shall be of duplex type. 
Temperature transmitters are envisaged for RTD for monitoring 
services/application only. These shall be hooked-up to the PLC. 

 
11. Each Compressor’s winding temp RTD signals, bearing temp RTD 

signals and VMS signals shall be hardwired to the microprocessor 
based control system and PLC directly from the field/VMS panel.  

 
12. Scope of Instrumentation cables (Screened Control Cables), Fibre 

Optic cable & Control cables shall be as per Electrical Cable scope 
matrix in Electrical portion of specification. 

 
13.       Power supply required for instruments and compressor’s control 

system shall be derived from 415 V, 3 phase, AC supply provided for 
the compressor. No other power supply shall be provided. 

 
14.       UPS (Common) for PLC & OWS shall be in bidder’s scope with 

2X100% configuration. UPS shall have 2X100%, heavy duty Ni-Cd 
Fiber plated type battery bank with 60 min back up. 

 
15. The Bidder to provide Vibration monitoring system for all compressors 

and their motors. The bidder to provide 4-20mA signal for each 
vibration monitoring instrument which will be hooked-up to PLC for 
necessary interlock and protection. 

 
16. Bidder shall provide Customer training on the proper application and 

maintenance on PLC Hardware & Software at Vendor’s work or at 
Ennore SEZ site. Duration of the training, number of persons & the 
topics to be covered shall be discussed & mutually agreed during 
contract finalization stage.  

BHEL shall provide vibration monitoring system for each compressor
motor, bidder to hook-up vibrations signals from instrument/panel to
PLC for necessary interlock and protection.
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SPECIFIC TECHNICAL REQUIREMENTS (C&I) 

AIR CONDITIONING SYSTEM 
 

 
 

 

 
17. Following documents to be furnished by the bidder along with the bid: 

� Duly stamped and signed copy of PLC system configuration 
drawing  

� Duly stamped and signed copy of Quality Plan. 
� Product catalogues and specifications for PLC as well as 

HMI application. 
� Requirement of electronic earthing, if any, for PLC based 

control system 
 
18.       Complete Industrial grade furniture required for placing OWS, swivel 

chairs, printers, keyboards, computers etc. shall also be furnished by 
bidder. The exact details shall be finalized & approved by 
owner/purchaser during detailed engineering. 

 
20.  Bidder to comply with codes and standards as mentioned in the 

specification. 
 

21.       Bidder shall provide the necessary hardware & software required              
for connecting the PLC system to Bidder's remote service centre, 
through which the diagnostics & fault analysis of the PLC system can 
be carried out. The method of connection shall be as per Bidder's 
standard practice. However, it is preferred to have the connection 
through a single point in the PLC system. 

 
22.        Bidder shall provide an unlimited warranty on all equipment and 

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

 
23.       PLC network shall have Intrusion Detection System (IDS) and Intrusion 

Prevention System (IPS)  with following features:  
In order to inspect all inbound and outbound network activity and 
identify suspicious patterns that may indicate a network or system 
attack from someone attempting to break into or compromise a 
system on the Station LAN Network, the recommended IDS/IPS 
should contain the following combined features. Any feature can be 
selected depending on whether it is to be configured as IPS or IDS.  
i.  Able to analyze, detect and report on security related events.  
ii. Able to inspect traffic and to drop malicious traffic based on the 
configuration of security policy.  
iii. Able to inspect the content of network packets for unique 
sequences/signatures.  
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SPECIFIC TECHNICAL REQUIREMENTS (C&I) 

AIR CONDITIONING SYSTEM 
 

 
 

 

iv. Able to detect and prevent known types of attacks such as worm 
or Trojan infections and hacks.  
v. Able to prevent denial of service (DOS) and Distributed Denial of 
Service attacks.  
vi. Able to prevent abnormal behaviors by monitoring and learning 
normal network behaviors.  
vii. Keeps up-to-date on new threats and vulnerabilities.  
viii. Should provide user friendly interface to queries and reports on 
threats and event data so that security administrators can gain a 
better understanding of their ability to protect their network.  
ix. Should provide detailed activity logs for auditing.  
x.  Able to detect known threats via deep-packet inspection.  
xi. Able to defect unknown threats via anomaly scanning.  
xii. Able to detect unknown threats via behavior pattern to protect 
from zero day. 

 
24.       All local gauges, transmitters and switches shall be mounted on 

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

 
25.       Bidder to delegate /depute their persons/experts as per 

owner/consultants’ requirement.  
 

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

 
 25.      The above given scope is indicative & minimum. Any item/ equipment 

not indicated above however required for the completeness of the 
system is to be supplied by bidder without any technical, commercial 
and delivery implication to BHEL. 
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12) Flow transmitter at the Outlet of each DMCW pumps and at common header. 
13) Auto start of DMCW Pumps  The valves used in this system shall be MOVs which 

shall be operatable on remote for auto facilitating the auto on_off of DMCWPs. 

14) Logic controls of DMCW Pumps shall be distributed. 
 

3.00.00 COMPRESSED AIR PLANT

3.00.01  CONTROL PHILOSOPHY  
 

The Compressed Air plant is envisaged with Microprocessor based System for individual 
compressor and One number redundant PROGRAMMABLE LOGIC CONTROL system with 
one no. OWS & one no. OEWS, One no. B/W LJP & one no. A3 sized DMP for all 
compressors as defined in the Vol. V, Annexure A shall have to be complied. 
The control system shall be fully automatic. The control system together with the power 
supplies and other accessories will be located within the centralized local panel. The system 
shall include Binary Logic (interlocks, protection and sequential logic control). The control 
system shall be capable of communicating with the central control room through PLC 
gateway for the purpose of achieving functions of remote control & monitoring  

The PLC shall be preferably from plant DDCMIS family. 
 

The PLC system shall be provided as detailed in Chapter 4 of this specification.. 

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

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

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

3.00.02 OPERATIONAL REQUIREMENT 

1. Operation of the compressors and driers shall be performed from PLC based control panel to be 
located at the compressor room (air conditioned area). The Control panel shall house PLC 
Hardware, Alarm Annunciator driven by PLC programmed sequence, Indicators, Indication lamps, 
Switches, local / remote selector switch, Start / Stop push buttons, Auxiliary Relays, Motor current 
meter etc.. Selector switch shall be provided in the control panel to achieve three positions for “Base 
duty”, “Stand by duty” and “Stop”.  

2. All pressure and temperature conditions used for tripping the compressor shall be provided with pre-
trip annunciation in the remote control desk/panel. 

3. All initiating devices, relays and other hardware required to achieve annunciation, control and interlock 
system shall be provided by the bidder. 

4. Auto switching on standby compressor, incase of tripping of running compressor or 
on falling of air pressure. 
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3.00.03 IMPORTANT SAFETY INTERLOCKS 
 
The safety interlocks shall be furnished by the vendor during detail engineering and will be 
reviewed and approved by owner. 

 
3.00.04 SPECIAL INSTRUMENT REQUIREMENT

 

On the discharge line of each compressor, Vortex flow meter will be provided for the 
measurement of airflow of each compressor. 

With acknowledgement to the fact that the entire area is vibration prone, capillary type 
instruments like temperature and pressure gauges and switches be mounted on Local Panel 
to avoid vibration. Instead, Duplex copper - constantan (T) type thermocouples / RTDs shall 
be provided for remote monitoring.  

Bidder shall provide Dew point measuring instrument at the each common header in addition 
to the on line Moisture analyzer at each compressor outlet. 

3.00.05 ANNUNCIATION SYSTEM 

The Alarm Annunciation on the local control panel shall provide annunciation for the conditions furnished by 
vender during detail engineering subject to approval of owner. 

 
3.00.06 MONITORING & CONTROL 

Bidder shall consider instruments as per P&ID requirements as well as his recommended 
instruments for Control and  monitoring. 

1. Loading / unloading indication. 

2. Remote and local Remote start & stop. 

3. Remote and local Cooling water pressure & temperature at I / L & O / L of intercooler & after cooler. 

4. Remote and local Open & Close indication of valve at inlet of cooling water line. 

5. Remote and local 1st. stage and 2nd. Stage discharge pressure and temperature. 

6. Remote and local Air pressure and temperature at each cooler outlet (Ist

7. Remote and local Pressure on each air header at various locations distributed throughout the plant. 

 Stage, After Cooler). 

8. Cooling water flow at I / L and O/L, Lubricating oil pressure, Moisture separator temperature are 
preferred to be used for interlock and protection. 

9.   Motor current 

10.   Zero load, 50% load, 100% load control for energy savings. 

11. On line Dew point monitor at each compressor outlet and at each header shall be provided. 

12.   Any other instrument recommended by the OEM. 

13.  Remote and local Cooling water Header Inlet and outlet temperature at DDCMIS. 

14.  Cooling water flow low alarm  to each compressor 
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15. Control of moisture separator circuit shall be implemented in PLC. Auto drain valves and solenoid 
operated valves through timers of PLC are to be paralleled at the bottom of reservoir tank.  

16. Instrument & service air header Flow meter, pressure transmitters.  

4.00.00 ASH HANDLING PLANT &SILO LOADING/UNLOADING SYSTEM. 
 

The Ash Handling System, referred here shall imply Bottom & Coarse Ash and Fly Ash 
removal systems with all sub-systems and accessories. The operation of both Bottom & 
Coarse Ash and Fly Ash removal systems shall be carried out. Ash level indication shall also 
be available in the central control room DDC MIS. 

4.00.01  CONTROL PHILOSOPHY
The control & instrumentation shall be through PLC with Hot Redundant Standby Processor 
system for entire Ash handling plant covering the total functional requirement of sequence 
control, interlock and protection, monitoring, alarm, data logging etc.  

The design of the control system and related equipment shall adhere to the principle of Fail 
safe operation of all system levels i.e the failure of signal, failure of power or failure of any 
component should not cause a hazardous condition and at the same time prevent occurrence 
of false trips and provide reliable and efficient operation of the plant under dynamic 
conditions. 

The system shall provide an integrated control and data acquisition system for providing 
control & monitoring of Ash handling plant from a Main AHP Control Room.  The control room 
operator shall be provided with colour graphic displays of the Ash handling plant and with 
sufficient details to allow proper control & monitoring of the plant function.  

4.00.01.01  The entire Ash handling plant will be controlled from the following control points as indicated 
in Annexure-A.  

i.  Fly Ash and Coarse Ash PLC with Redundant hot standby processor which is located 
in the AHP control Room.  

Connectivity: This PLC shall have redundant data communication connectivity 
(Softlink) with DDCMIS for monitoring purpose (as per DDCMIS format) 

ii.  Bottom Ash water and ash slurry system PLC with Redundant hot standby processor 
which is located in the AHP control Room. 

Connectivity:  This PLC shall have redundant data communication connectivity 
(Softlink or H/W) with Fly Ash and coarse Ash PLC for monitoring purpose. All critical 
signals will be hardwired to Fly Ash and coarse Ash PLC which shall be decided 
during detailed Engineering. 

iii.  HCSD system PLC with Redundant hot standby processor which is located in the 
separate local control Room. 
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CHAPTER-2

DESIGN CRITERIA
2.00.00 Design Criteria
 
2.01.00    General Requirements
 
2.01.01 The  design  criteria  given  in  this  section  supplements  the   requirements  stated in 

other sections of this specification  and   the drawings enclosed herewith.   These shall 
be fully met by all   equipment/systems   and   accessories furnished as   per   this   
specification. 

 
2.01.02 All equipment/systems and accessories furnished as per this specification shall be from 

the latest proven product range of a   qualified manufacturer meeting the requirements 
given in this Specification.  The Bidder shall furnish satisfactory evidence regarding 
successful operation and high reliability   of the proposed equipment/systems in coal fired 
utility stations for similar applications for meeting this requirement as specified 
elsewhere. 

 
2.01.03 The  equipment and systems shall be designed and  constructed  to   meet  all 

specification requirements,  and perform accurately and   safely under the environmental 
and operating conditions described or implied  in  this  specification  without   undue   
heating,   vibration,  wear, corrosion or other operating troubles.  It will   be the 
responsibility of the Bidder to fully acquaint himself with   the  functional  requirements  
and  operating   conditions,   for   equipment  systems  and  accessories offered  for  this  
project.    Additional features shall be provided where required to meet the   service 
conditions, functional or descriptive requirements stated in individual specification for 
these equipment/systems. 

  
 The bidder’s detailed design and scope of supply shall include all components and systems, 

whether included in the system descriptions or not, required to provide a complete and fully 
functional facility. 

 
These specifications are on per unit basis.

 
2.01.04 The  equipment,  systems  and accessories furnished as  per  this   specification  shall  

be  designed and constructed  to  meet  all   specification requirements and performance 
specifications  during   the  continuous service life of the plant. The equipment or 
components that cannot meet this life expectancy   or  specified  design  and operational  
requirements  during  the   entire  service  life  shall be  identified  and  their  expected   
failure  rate  shall be indicated by the Bidder in his  proposal. When  no  such information 
is furnished the  equipment  shall  be   deemed   to  have been certified by bidder suitable  
for  the  above  service   life   and   requirements. 

 
During execution of the project or at the time of dispatch, any latest product is launched 
or introduced then the same shall be supplied with out any price implication. 
 
Technical specifications specified for all type of hardwares, instruments, equipments & 
software are the minimum requirements to be met and confirmed by bidder. All the 
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hardwares and softwares shall be latest, with advanced features and field proven at the 
time of supply / dispatch as available in the market with out any price implication. 
 
Bidder shall offer latest system available at the time of supply / dispatch & shall also 
confirm that DDCMIS/PLC system/microprocessor based control system, MIS, ERP 
system etc. hardware / software shall be upgraded free of cost (for hardware up to 
commissioning of the project and software up to handing over of the project), whenever 
at later stage such upgradation takes place for his system offered by him or by his 
collaborator. 
 
In addition to above requirements, Bidder shall also undertake to upgrade the system 
hardware if required by owner, at par with the new version, for a period of 5 years after 
commissioning at a reasonable extra cost and The future updated version of any type of 
software shall be supplied free of cost as and when such software is upgraded, on 
request by owner until 5 years from the date of commissioning of the unit. 

 
2.01.05 Even after the guarantee period, the Bidder shall be responsible for providing spare parts 

and other required support at reasonable cost during the service life of the plant as 
indicated   above. Any exception to these requirements   shall be clearly indicated in the 
Schedule of Technical Deviations. 

 
 Bidder shall also guarantee supply of spares for at least 15 (Fifteen) years after 

commissioning of the plant. In case of future up-gradation of a product in terms of 
hardware, bidder shall remain committed to upgrade the supplied system at Par with the 
new version as per scheduled agreed with owner for a period of 5 years from the date of 
commissioning of the unit. Beyond this period, for up to 15 years, Bidder shall be obliged 
to indicate whether it will be possible to upgrade the system by replacing certain 
pieces/components of hardware by suitable new generation equipments.  

 
2.01.06 All  requirements  of  auxiliary equipment  for  instruments  and   control  devices  

including thermocouples and  wells,  resistance   elements  and  wells,  transmitters,  
special wiring  and  piping   accessories,  air  filter  and  pressure  regulators,  separation   
chambers, condensation pots and all other special devices required for installation in 
instrument piping  and  wiring  system  shall be  furnished complete as required for each 
individual element, instrument  or system unless specifically stated otherwise in this 
specification.                              

  
2.01.07 Each pneumatic device requiring air supply and intended for field   mounting shall include 

a filter regulator air set with gauge,   to owner’s approval. 
 
2.01.08 Process fluids shall not be piped directly to instruments located   in Control Room (CR) 

and Control Equipment Room (CER) unless   otherwise specified herein. 
 
2.01.09 All parts subject to high pressure, temperature or other severe   duty shall be of materials 

and construction suitable for the   service conditions and long operating life. 
 
2.01.10 Components of instruments, control devices, accessories, piping   etc.  Which contact 

with steam, condensate or boiler feed water shall be manufactured from copper free 
materials which do not react with media at operating parameters. 

 

Page 210 of 617



2.01.11 Temperature measurements shall have fail safe protection feature   against open circuits 
of sensors. Apart from fail safe protection against open circuit, temperature measurement 
shall have protection against rate of rise of temperature more than pre-defined value. 

 
2.01.12 All motorised valves of 200NB or more than 200NB size shall be provided with integral 

motorised bypass valves on all process lines. 
 
2.01.13 All the LP heaters & HP Heaters shall be provided with upstream, downstream & bypass 

motorized valves.  
 
2.01.14 All the work stations, PC, OWS, Printers, Laptop, Servers as mentioned anywhere in this 

NIT/specification shall meet the minimum technical requirements specified in chapter 4, 
Vol. V. 

 
2.01.15 Each communication Network shall be industrial grade and shall be provided with 

industrial grade managed type Ethernet switches, external surge protection 
system/devices and industrial firewall. Industrial grade managed type Ethernet switches 
shall be provided with in built diagnostic features, 20% spare ports & in built redundant 
power supply.  
 

2.01.16 Bidder to note that all type of hardwares & electronic modules like controllers, I/O cards, 
communication modules and interface modules etc used in PLC shall be of same family 
and sourced/supplied from their Principal’s works. 

 
2.01.17 Valve end position (Open & Close) shall be monitored for the manual critical valves, 

wherever provided. 
 
2.01.18 Design criteria for continuous on line analytical measurements of important plant media 

such as water, steam and flue gas shall be based on microprocessor based instruments 
only.  

 
2.01.19 All the instruments/equipments/electrical items shall be provided & designed with 

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

 
2.01.20 In Fire Protection & Detection system, Loop wiring & Panel networking shall be designed 

meeting the NFPA Style 7 requirements.  
 
2.01.21 All the instruments/equipments/electrical items shall be provided & designed with 

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

 
2.01.22 All process parameters (i.e. pressure, temperature & flow) shall be indicated in the P&IDs 

on all important process lines.  
 
2.01.23 All approval/Inspection are to be carried out by Owner or owner appointed agency only. 
 
2.01.24 Incomer/outgoing feeders for any Distribution Board’s rated upto 63A shall be with fast 

acting semi conductor fuse & MCB controlled, from 63A to 400A shall be MCCB 
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Controlled. Above 400A it shall be breaker controlled. Each feeder shall be provided with 
LED indication.  

2.01.25 All tag nos. shall follow KKS numbering. For 2 x 660 MW, First unit’s tag nos shall have 
prefix 10, Second unit’s tag nos shall have prefix 20 and common system, Tag nos. shall 
have prefix 00. 

2.02.00 Environmental Conditions
 
2.02.01.01 Instruments for location in outdoor/indoor/air-conditioned areas   shall  be designed to 

suit the environmental conditions indicated   in specification elsewhere and  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 covered under this specification. 

 
2.02.01.02 All equipment/systems for air conditioned areas shall also be   designed and constructed 

to operate indefinitely without loss of   function, departure from specifications or damage 
during periods of air conditioning failure in summers even if such temperature may rise 
up to 55 deg. C.   

 
2.02.01.03 The period for which the equipment/system can function satisfactorily without A/C (Air 

Conditioning) shall be mentioned by the bidder. 
 
2.03.00 Power Supply and Air Supply
 
2.03.01 Power Supply
 
  A. UPS (Uninterrupted Power Supply System)
 

1. The parallel redundant UPS system furnished by the Bidder shall meet the 
power requirements of reliable 240 V AC, 50 Hz power supply for 
DDCMIS, DCS, microprocessor based control system, indicators, 
recorders, monitoring system, analytical instruments, SWAS, TSI, LVS, 
VMS & OWS, Printers, Sol. Valves, CCTV, Security System, PADO etc. 
as specified in various chapter for BTG packages. Separate parallel 
redundant ‘UPS’ of adequate capacity shall be supplied for PLC package 
and microprocessor based system provided with BOP & offsite packages 
as specified in specification elsewhere.  

 
2. All  major  equipment/systems shall be served  from UPS through 

redundant  two  100%   capacity  feeders (from 2x100% ACDB) with a 
automatic change over at load point to  ensure un-interrupted supply even 
on loss  of one feeder as described elsewhere in the specifications. 

 
B. 24 V DC Power Supply system

 
1. For 24 V DC power supply requirments, Bidder shall furnish the separate 

parallel redundant 24 V DC charger system for each unit for MFT control 
panels, Turbine protection panels, and Solenoid valves in BTG package. 
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2. Parallel redundant 240 V AC to 24 V DC convertor with 50% sharing shall 
be provided for 24 V DC power supply in each cubicle separately as per 
requirements for DDCMIS, DCS, PLC package and microprocessor based 
system provided with BTG & BOP packages as per chapter 4 & Annexure 
A.  

    
Detailed specification of UPS & 24 V DC system are specified elsewhere in the 
specification.  

C Power Supply Monitoring Facility
 

1. The power supplies for all control panels are to be monitored for under 
voltage/over voltage. Necessary alarms are to be initiated for under 
voltage/over voltage.   

 
2. Loss of single power source in case of redundant power supplies is to 

be alarmed in DDCMIS/PLC for all control panels by providing 
voltage monitoring relays.

 
2.03.02 Air Supply
 
2.03.02.01 Clean, dry, oil free instrument Quality air of the following quality shall be provided   by  

bidder for   various    pneumatic   instruments/control drives & accessories:- 
 
1. Nominal pressure   :  7Kg/cm2 gauge   
2. Range of pressure            : 3.5 to 8.5  Kg/cm2(g)   
3.Dewpoint     : + 2`C at the above pressure.  

- 40 deg.C at NTP 
4.Maximum particle size   :  5 microns   
 

2.03.02.02 Pneumatically  operated  equipment  offered  by  the  Bidder   shall  be designed to 
operate with the above air supply  and   adequately  cater to their respective duty within  
the  full   range of pressure variation.  Wherever required, moisture separator for vital 
instruments/actuator/analyzer may be provided in the airline by bidder. 
 

2.03.02.03 The Bidder shall indicate system  wise  requirement  of instrument air along with his 
proposal and same shall be included in the compressor capacity as supplied. 
 

2.04.00  Instrument Standard Scales and Ranges
 
2.04.01 Instrument Scales
 

Instrument  scales will be black graduations in white  dials   and   where  practicable  with  
scale  divisions  based   on   multiples of 10.   The smallest division shall preferably be   a  
whole  number approximately 1% of the scale range if  not   otherwise impracticable. 
 
All  scales  and charts shall be calibrated and  printed  in   Metric Units as follows:- 
 
Metering bases and chart units 
    
1.    Temperature      -  Degree centigrade (deg. C) 
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2.   Pressure           - Kilograms per square centimeter (kg/cm2)  
3.    Draught  -  Millimeters of water column (mm wcl.) 
4.         Vacuum            -  Millimeters of mercury gauge (mm Hg)  

            or  water column (mm wcl) 
5. Flow (All gases) - Tonnes/hour or Cubic meters per hour. 
6.   Flow (Steam)     -   Tonnes/ hour  
7.         Flow (liquid)  -  Tons/hr. or Litres/minute or cubic meters/hour  
8.  Flow base         -   Based - 760 mm Hg, 16 deg.C 
9.  Density           -   Grams per cubic centimeter 
 
Pressure instrument shall have the unit suffixed with 'a' or   'g' to indicate absolute or 
gauge pressure. 
 
Scales  and  charts  of all instruments  shall  have  linear   graduations  and  the Bidder 
shall offer devices for  square   root extraction or other functional operations required  for   
this  purpose.  Local indicator scales may be non-linear if approved by the Owner. 
 

2.04.02 Instrument Ranges
 

Instrument  ranges  will  be  selected to  have  the  normal   reading   preferably  at  75%  
of  full   scale.   Deviation   indicators shall have the null position at mid scale. Ranges   of 
pressure gauges shall  be  selected  to  allow   normal   operation in the middle one third 
of the scale. The normal operating parameters shall be identified with a clear green mark.  
 
When  compensation  is required to implement the  functional   requirements and 
descriptive requirements of control systems   furnished   under  these specifications, the 
following compensation ranges shall apply: 
 
------------------------------------------------------------------------------------------------------ 
Measurement                 Temperature Range  Pressure range  
     `C    Kg/Sq.cm 
------------------------------------------------------------------------------------------------------- 
1.   Feed water Flow          150 to 300   300 to 400 
2.   Secondary airflow        0 to 500  
3.   Primary airflow          0 to 500  
4.   Steam flow              200 to 650     50 to 300 
 
Where temperature compensation  networks are furnished, they shall produce  
corrections  which are  in  accordance  with   theoretical requirements over the specified 
variations, over   a flow range from 10 percent to 100 percent of maximum flow,   subject  
to  a  plus or minus tolerance of one-half  of  one   percent of the maximum flow. 

2.05.00 Choice of Hardware
 
2.05.01 General
 

The primary objective for the design of instrumentation and   control systems shall be to 
assist in the attainment of   maximum unit availability. 
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Instrument sensing, transmission, measuring system shall be   of latest microprocessor 
based/solid state electronic type with signal transmission in   current   mode   with    4-20 
mA level except for local instruments. 

 
All instruments and control devices located on control panels   shall be of miniaturized 
design, suitable for modular flush   mounting on control panels with front draw out facility 
and   flexible plug-in connections at the rear. 

 
The interrogation voltage level for plant annunciation, interlock and protection systems 
shall be adequate to ensure   high signal to noise ratio.  but should not exceed 60V  DC.   
The logic system shall be adequately protected from signal   and power line borne noise 
and surge voltages and shall satisfy stipulations in specification. 

 
All instrument contacts unless otherwise specified shall  be   rated for interrupting 5 AMP 
at 240V AC,  50 Hz and 0.5 Amp at   220V DC.  Potential free contacts at output of 
interlock and   protection   system   for   interlocking   with   electrical   switchgear  &  
motor  control centers shall  be  capable  of   interrupting  at  least 10 Amps at 240V,  
50Hz and 2 Amp  at   220V DC. 

 
2.05.02 Operability & Maintainability
 

The design of the control systems and related equipment   shall adhere to the principle of 
"fail safe" operation at   all system level.  "Fail Safe Operation" signifies that  the   loss  of  
signal,  loss  of power        or failure  of  any   component  will not cause a hazardous 
condition and  at  the   same time prevent occurrence of false trips. 

 
The types of failure which shall be taken into account for   ensuring operability of the 
plant shall include but not   limited to:- 

 
1.  Failures of sensors or transmitters producing high or   low signal 
2.  Failure of controller other modules during automatic operation. 
3.  Loss of motive power to final control element 
4.  Loss of control power. 
5.  Loss of Instrument Air. 

 
The Bidder shall ensure proper operability of all instruments and control modules and 
also take into account protections to minimise accidental mal operations, in the operator   
interfaces and configuration of panel boards offered. 

 
2.05.03 Established Reliability
 

All components and systems offered by the Bidder shall be of   established reliability.  
The minimum target reliability of   each   component shall be established by   the   
Bidder,   considering its failure rate & meantime between failures & meantime to repair 
(MTTR), such that the availability of the   complete system i.e DDCMIS, DCS & PLC etc 
is assured for 99.7%. 

 
Further  the Bidder shall ensure that all equipment/parts of   his  system,  that are not 
listed under  recommended  spares   shall  have  the general service life for 15 years as 
per manufacturer standard practice. 
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In order to ensure the target reliability the bidder  shall   perform  necessary availability 
tests and burn in tests  for   major  systems.  Surge  protection  for  electronic  control   
systems,  annunciation  system and other solid state systems   conforming to SWC test 
per ANSI C 37.90a (IEEE standard 472)   and selection of proper materials,  
manufacturing processes,   quality controlled components and parts,  adequate  de-rating   
of  electronic components and parts shall be ensured by  the   Bidder to meet the 
reliability and life expectancy goals. 

 
Continuous self checking features shall be incorporated in   system design with automatic 
transfer to healthy/redundant   circuits to enhance the reliability of the complete system. 

 
In general, failure of equipment used for alarm purpose will   cause switching to the alarm 
state. 

 
Mean Time between Failure (MTBF) of the instruments shall be considerably higher than 
the equipments/system, they shall cater to in order to avoid shutdown on account of 
instrumentation failure.  
 
All instruments and control equipments shall ensure high reliablility, low down time and 
ease of maintenance.  

 
2.05.04 Provenness, Standardization and Uniformity of Hardware
 

All C&I equipments furnished must have proven performance of working in the power 
plant, at least two sets of such equipment installed in a power plant of capacity as 
specified in BQR have been running successfully for at least two years. No prototype 
components shall be used. The Bidder shall state the application, the performance of the 
equipment furnished, including accuracy, repeatability, drift due to time and temperature, 
etc. and give the equipment list and the examples and statements for their application in 
his proposal. 
 
To ensure smooth and optimal maintenance easy interchangeability and efficient spare 
parts management of various C&I instruments/equipment like vibration monitoring 
systems, all 4-20mA electronic transmitters/ transducers, control hardware, control 
valves, actuators and other instruments/ local devices etc. being furnished by the Bidder 
for main plant areas (eg. boiler/turbine etc.) and other plant and station auxiliaries, Off 
site/BOP packages for similar applications, the Bidder shall ensure that they are of the 
same make, series and family of hardware. 

The bidder shall obtain & furnish the certification from his tieup partners (as consortium 
or other wise) that their design, enginnering, procurement, manufacturing, erection, 
commissioning and shop test facility are adequate to meet the specified technical & 
performance/quality requirements for execution & commissssioning of the package 
offered to the satisfaction of owner.  

2.05.05 Redundancy Criteria for Sensors and Signals from MCC/SWGR
 

Redundancy of components and systems shall be dictated by availability criteria 
described under DDCMIS/DCS/PLC to ensure the system availability target as well as 
safety considerations in critical applications are fully met. 
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Bidder shall also introduce redundant control equipments or instruments wherever it is 
felt by owner that the introduction of the same shall lead to reduction of downtime of plant 
and equipments, in addition to the case/criteria clearly defined/identified in the 
specification.  
 
Triple redundancy or dual redundancy for signals from MCC/SWGR, sensors and 
transmitters will be used for   critical control /Protection application, critical monitoring 
application & other control/interlock applications. Where correction/ compensation for the 
measured signal are involved, the computed signal shall be the one transferred for 
control purposes. The measured value indicated shall be the duly corrected/ 
compensated signal. 

 
Sensor/signals/measurements redundancy required (2 out of 3 or 1 out of 2) requirement 
have been specified in respective control system specifications and as specified 
elsewhere in the technical specification.  However, sensor/signals/measurements 
utilization will be decided during detailed engineering. It is mandatory to use 
sensors/signals/measurements with 2 out of 3 logic for critical control & protection 
(Analog & Binary) application/service and sensors with 1 out of 2 logic for all other control 
& interlock (Analog & Binary) application/service as explained below 

2.05.05.01 Triple measurement scheme

Triple measurement scheme for 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 including, the 
following but not limited to, furnace draft, feed water flow, Feed Water Temperature, feed 
water pressure before Economiser, Discharge Flow of each BFP, BFP discharge 
Temperature, Boiler Separator level control, Steam Pressure, Main steam & RH steam 
temp. control, SH spray Flow, RH spray Flow, throttle pressure, PA/SA Air Flow, PA/SA 
Air Temperature, PA header pressure, Mill Air Flow, Mill outlet Temperature, Feeder 
Speed Control, Spray water flow, SH, RH & Aux. Steam Desuperheater inlet & outlet 
Temp at each stage, SH Platen Steam Temperature before Desuper heater, SH Platen 
Steam Temperature after all super heaters, RH steam Temperature at Turbine end, Main 
steam Temperature at turbine end, turbine first stage pressure, deaerator level, 
Deaerator Flow after Last LPH, Hotwell level, GS steam Pressure, condensate flow 
before recirculation line, turbine speed, Turbine Control Valve position, Power measuring 
device, HP/LP Heater level, PA header pressure, SCAPH temp. Control, HP Bypass 
controls, LP Bypass controls, Light Oil Pressure, Heavy Oil Pressure, Atomising Steam 
Pressure, Heavy Oil Temperature, Hydrogen gas pressure of generator, and all other trip 
& protection logics etc.  

For MFT/FSSS/BMS/Turbine protection/ Generator/Unit tripping, triple sensors shall be 
provided.  

For Binary and analog inputs required in major equipment (Furnace, Turbine, 
tripping/protection of any HT drive etc.) protection triple-sensing devices shall be 
provided.  Binary and analog inputs, which are, required for protection of more than one 
equipment as well as protection signals for HT Drives (fed by a supply feeder of ratings 
3.3 kV onwards)/MDBFP/TDBFP etc., triple sensing devices shall be provided. 
Triple sensors shall be provided for Instruments required for auto starting of HT driven 
pumps or pump tripping due to very low level of water/discharge pressure very low and 
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Trip  of  any  auxiliary  which  will  lead  to  substantial  (50%)  loss  of  unit availability. 
For lube oil protection of all the HT drives, 2 out of 3 logics and necessary pressure 
transmitters for lube oil pressure shall be provided by bidder accordingly. 
 
Left and right side shall be treated as individual path / individual parameter, and 
each side/path shall have own triple redundancy accordingly. 
 

2.05.05.02 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., min. 
dual sensors shall be provided. 
Dual sensors shall be provided for instruments required for auto starting of LT driven 
pumps or LT driven pump tripping due to very low level of water/discharge pressure very 
low. 
 
Dual sensors shall be provided for instruments required for Heat rate measurements & 
PADO calculations.  
Dual measurement scheme for analog inputs employing two independent transmitters/ 
temperature element, connected to separate tapping points shall be employed for the 
remaining measurements used for analog control functions. 

2.05.05.03 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.  

2.05.06 Back-Up Instrumentation
 

i. No full backup discrete hardwired based control or hardwired manual operation is 
envisaged in the 660 MW Unit control room for main plant. Bidder shall however 
perform a failure analysis to establish that the plant can be safely shutdown or 
can be brought to a safe operating condition without any damage to equipment 
and / or personnel during the unlikely event of catastrophic failure of 
DDCMIS/DCS. 

 
ii. Since nowadays the reliability and availability of control system is enhanced due 

to the redundancy path, backup panel with mosaic and vertical type (not L 
type) is to be provided with as minimum as possible for safe guarding the main 
equipments BTG and auxiliaries. 

 
iii. Hence in addition to the LVS and OWS, a limited operation from backup unit 

control vertical panel with mosaic is envisaged for emergency operation and to 
provide safe shut down of plant/equipments. The backup Unit control vertical 
panel with mosaic shall housed Conventional Push-button (ILPB) stations, 
Console inserts (SG & TG), Trip Push Buttons, Ammeters, CCTV for Furnace 
Flame, chartless recorders & digital display units for Boiler, Turbine & Generator 
Process/electrical parameters. Also bidder to refer details in Chapter 6.   
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iv. Back up panel system shall be designed for handling the situation in clause 
2.12.00 for failure of HMI.

v. For electrical layout, complete backup panel with mosaic shall have to be 
provided for complete on/off operations with necessary meters, DDUs, 
synchronoscope etc. as specified elsewhere in specification. 

 
iv. Control panel cum desk with HW annunciation windows, ILPBs, Ammeters, PBs, 

voltmeters, indicators, mimic, recorders etc. shall be provided as per Annexure A 
– Control System Philosophy for BOP packages. Profile/Overall GA of backup 
control panel cum desk for BOP packages shall be same as indicated in drawing 
no. 114-05-0105 attached with NIT.  

 
2.06.00   PROTECTION, CLASS OF CABINETS / PANELS, ENCL.OSURES ETC. 
 

a)  All panels, desks cabinets, consoles & enclosures furnished at least comply with 
the requirements of protection classes as indicated below.  

 
1.  In-door Air-conditioned (A.C.) areas -    IP32/42 (min.)  
2. In-door Non A.C. areas:  

(a) Ventilated enclosures -      IP42  
 

(b) Non Ventilated.      IP 54  
  

3. Out-door          IP55 /  
IP65  

(As per the requirement) 
 

b)  Distribution boxes, junction boxes, cold junction compensation boxes, terminal 
boxes and all other field mounted equipment to be furnished as per this 
specification shall have weather protection conforming to IP 65.  

 
c)  The design of panels, cabinets, enclosures and packaging density of components 

mounted therein shall be such that the temperature rise does not exceed 10 deg. 
C above the ambient under the worst conditions. 

  
d)  The panels housing electronic hardware shall be provided with flame and smoke 

detectors by bidder.  
 

e)  Enclosures for peripheral equipments like printers, etc. shall take care of noise 
and shall ensure minimum possible noise disturb to the working personnel.  

 
2.06.01 Guards, barriers and access doors, covers of plates shall be marked to indicate the 

hazard, which may occur upon removal of such devices.  Danger or caution signs shall 
be used to   warn of specific hazards such as voltage or current.  The marking shall be 
permanently affixed to the equipment.  

2.07.00 System Documentation  
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Master document/drawing list along with dates within 3 months shall be submitted by 
bidder after award of contract for each package for approval of owner. The Bidder shall 
provide drawings, system overview & description, hardware/software details, Technical 
literature, functional & hardware schemes, bill of material, parts list, Inter connection 
diagrams, data sheets, erection/installation/commissioning procedures, 
Instruction/operating manuals, etc. for each of the C&I system/sub-systems/equipment, 
supplied under this package. The documentation shall include complete details of the 
C&I systems/sub-systems/equipment to enable review & approval by owner during 
detailed engineering stage and to provide information to plant personnel for Operation & 
Maintenance (including quick diagnostics & trouble shooting) of these C&I systems/sub- 
Systems/equipments at site. Following minimum documents shall be submitted by bidder 
during detailed engineering for review and approval:  

DATA / DETAILS TO BE FURNISHED 
S.no Description Category   

1 C&I System Design Basis Report incorporating Control philosophy / 
operation philosophy / Design philosophy / Redundancy philosophy. A   

2 Codes and application standard followed for the project. A   

3 Process & Instrumentation Diagrams (PID) indicating local gauges, 
transmitters, analysers for (alarm, control etc.) A   

4 

Engineering documents For DDCMIS/DCS & PLC based control 
systems: 
a.  Bill of Quantity for DDCMIS/DCS/PLC based system 
b.  I/O Assignment for DDCMIS/DCS, each PLC based control system 
including  nest loading. 
c.  Instrument Schedule with set points 
d.  I/O List 
e.  Drive List/ Solenoid Valve List 
f.  Annunciation List 
g. SOE list. 
h. Process  mimics/graphics indicating Analog and digital parameters 
i. List of logs with point assignment 
j.  Time Synchronisation System 
k. Historical Storage and Retrieval  (HSR) system details. 
l. List of Displays 
m. Plant Performance Calculation & Optimisation package Details 
n. Controller partitioning Diagram 
o. Data sheet for HART management system 
p. Drive Control Philosophy & MCC Interface diagrams 

A 

  

5 
Detailed technical catalog about the Analog / Digital input and output 
modules, drive control modules, main control processor, operator 
consoles, printers etc, shall be furnished for scrutiny. 

A 
  

6 Modulating Control and Sequential Control Schemes with Write ups A   

7 Logic diagrams (SAMA format) for Main Plant, Utility & Aux. Plants 
along with system description / functional write-up. A   

8 
System Architecture/System Configuration Drawing for DCS/ Each PLC 
based Offsite Package including MMI, interface with Third party 
systems, Master clock and Local Control Desks/Annunciator panel      

A 
  

9 Back up panel/Unit control panel, Annunciator window layout and 
inscription. A   
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10 LVS data sheets, GA drawings along with catalogs A   
11 Field Instruments data sheets along with catalogs    

12 

System Configuration Diagram with DDCMIS/DCS interfacing details 
for special monitoring & analysis systems like vibration analysis, PADO, 
Management information system, Security & Surveillance system, 
Flame Analysis , Tube Leak Detection etc. 

A 

  

13 Vendor Data sheets for C&I  system equipment including 
DDCMIS/DCS / PLC based control system.  A   

14 Sub-vendor's drawings and documents for all main & BOP packages A   

15 Central Control room layout / SWAS room layout / Local Control Room 
& all control panel layout including Unit control panel. A   

16 
G.A.(General Arrangement) and Internal arrangement drawings of all 
control panels/ cabinets / local panels with all dimensional details, 
wiring diagrams and terminal details. 

A 
  

17 Sampling schemes including SWAS schemes. A   
18 Interconnection diagram, cable schedule, MCC Interfacing diagram.  A   

19 

UPS/24 V DC system Single Line Diagram, UPS/24 V DC Load List, 
UPS Datasheets, G.A drawings of UPS/24 V DC system, Panel 
Specification, Operation Philosophy, Wiring Diagrams, Battery Sizing 
Calculations, Battery Data Sheets, Battery Stack GA Drawings and 
24VDC system  

A 

  

20 Heat load and power consumption data for PLCs and DCS. UPS and 
+24VDC A   

21 JB Schedule, LIE/LIR for Transmitter Groupings (P, DP, F, L and 
transmitters) A   

22 

Data Sheets, sizing calculation, for Control valves & its Accessories, 
Data Sheets, sizing calculation, for Flow elements,  BOQ, QAP, Internal 
TC, Technical catalogs, O&M Manuals Solenoid Valves Data Sheets 
for Solenoid valves, Control Valve noise calculation (both hydro-static & 
hydro-dynamic). 

A 

  

23 Installation sketches (Individual Instrument Hook Up Drawing and 
Installation isometric drawings.) A   

24 Hardware & software design manual (covering exhaustive details of 
compete DDCMIS/DCS / PLC based control system) A   

25 QAP(Quality assurance plan) for all major equipment. A   
26 Mandatory Spares and Recommended Spares List. A   

27 Detailed technical literature of each type of instrumentation equipment 
offered shall be furnished. A   

28 Detailed manufacturer's cable specification/data sheets with GA 
drawing for offered cable shall be furnished. A   

29 
Factory Acceptance Test  (FAT) procedure/Site Acceptance Test (SAT) 
Procedure / Availability test procedure / PG test procedure for C&I 
equipment including DDCMIS/DCS / PLC control systems. 

A 
  

30 Duly signed schedule of performance guarantees, List of softwares 
included. A   

31 All test certificates including degree of protection certificates for all 
packages and Explosion proof certificates for oil services. A   

32 Confirmation certificate for the latest version of software and hardware 
offered. A   
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33 Thermowell Sizing calculation. A 

34. Vendor data sheets/GA drawings/Catalogue for each C&I system as 
specified in NIT.  

A 
 

35. 

All other documents not specifically mentioned here but required for 
completion of engineering work and proper coordination shall be unit 
wise. All other documents specifically called for in various sections of 
specification. 

A/I as 
finalized by 

TANGEDCO 

36. 

Data sheet/specifications of components/modules etc. in respect of 
each and every electronic card/module as employed on the 
microprocessor based control system and equipment including 
conventional instruments, peripherals etc. 

A 

37. All type tests for the C&I systems/sub-systems/equipment as stipulated 
in QA section shall be included.  I 

38. Plant Process Simulator System documernts and data sheets  

 Above “A” stands for “Approval” and “I” stands for “Information”.   

If any documentations/ data sheets are required by the owner during evaluation stage or 
detailed engineering stage. Bidder is supposed to provide the complete information and 
satisfy the owner without any ambiguity. 

 
2.08.00 System Expandability

Modular System design shall be adopted to facilitate easy system expansion. The system 
shall have the capability and facility for expansion through the addition of controller 
modules, I/O cards, hand/auto stations, push button stations, peripherals like Large 
Video Screen (LVS), operator workstations (OWS), printers etc. while the existing system 
is fully operational. The system shall have the capability to add any new control loops, 
groups/subgroups, in control system while the existing system is fully operational. 

2.09.00 On Line Maintenance

It shall be possible to remove/replace online various modules (like I/O module, interface 
module etc.) from its slot for maintenance purpose without switching off power supply to 
the corresponding rack. System design shall ensure that while doing so, undefined 
signaling and releases do not occur and controller operation in any way is not affected 
(including any control loop trip to manual, etc) except that information related to removed 
module is not available to controller. Further, it shall also be possible to remove/replace 
any of the redundant controller module without switching off the power to the 
corresponding rack and this will not result in system disturbance or loss of any controller 
functions for the other controller. The on-line removal/insertion of controller, I/O modules 
etc. shall in no way jeopardise safety of plant and personnel. 

2.10.00 Fault Diagnostics

The DDCMIS/DCS/PLC shall include on-line self-surveillance, monitoring and diagnostic 
facility so that a failure/malfunction can be diagnosed automatically down to the level of 
individual channels of modules giving the details of the fault on the programmer station 
displays and printers. The faults to be reported shall include fault in main & standby 
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power supplies, sensor fault, Controller fault, any channel fault in 2V3 channels, failure of 
links to PLCs, LAN etc. These faults and Controller faults shall be reported as colour 
change on system status display and messages on programmer LVS/OWS as well as 
through local indication on the faulty channel/ module and on respective rack/ cubicle. 
The diagnostic system shall ensure that the faults are detected before any significant 
change in any controller output has taken place. Failure of any I/O modules, Controller 
etc. shall be suitably grouped and annunciated to Annunciation facia on LVS/OWS/BUP. 

2.11.00 Fault Tolerance & Controllability

2.11.01 The DDCMIS/DCS/PLC shall provide safe operation under all plant disturbances and on 
component failure so that under no condition the safety of plant, personnel or equipment 
is jeopardised. Control System shall be designed to prevent abnormal swings due to loss 
of Control System power supply, failure of any Control System component, open 
circuits/short circuits, instrument air supply failure etc. On any of these failures the 
controlled equipment/parameter shall either remain in last position before failure or shall 
come to fully open/close or on/off state as required for the safety of 
plant/personnel/equipment and as finalised during detailed engineering. System shall be 
designed such that there will be no upset when Power is restored. 

2.11.02 The system shall be designed to permit the operator to supplement but not inhibit the 
protective functions. 

2.11.03 The control system furnished under this specification shall not inhibit a greater capacity 
output than the rated capacity of the unit, if permitted by the main plant equipment and 
required by the Owner. 

2.11.04 The controlled variable response rate & controllability shall be limited by the 
characteristics of main equipment, which is being controlled, and DDCMIS/PLC shall not 
impose any limitations in the response rate or controllability. Controlled process variables 
shall return to normal values in a stable manner and without control loop interactions or 
cycling of generation when generation matches with load demand. 

2.11.05 No single failure either of equipment or power source shall be capable of rendering any 
part/system/sub-system of DDCMIS/PLC inoperative to any degree. 

2.12.00 STATION BLACKOUT
 Availability of all equipments, drives, emergency power supplies, controls, logics required 

for the protection/safe operation/shutdown of the boiler/turbine and auxiliaries during 
emergency blackout shall be ensured by bidder. All the related drives, controls shall 
operate automatically on the occurrence of blackout. All such drives, controls required 
during emergency and black out shall be provided with continuous power supply source 
(each type of power supply depending upon requirements, sizing shall be done 
considering this requirements) to ensure availability and shall be designed for fail safe 
mode. All the required controls shall be available as the system to be powered from plant 
UPS. The UPS sizing shall consider this requirement.   

2.13.00 ELECTRICAL NOISE CONTROL
 

The equipment furnished by the Bidder shall incorporate necessary   techniques to 
eliminate measurement and control problems caused   by electrical noise.   Areas in 
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Bidder’s equipment which are   vulnerable to electrical noise shall be hardened to 
eliminate   possible problems. 
 
The Bidder shall be fully responsible for detailed recommendations   on the type, size,  
shielding, input balancing, ripple amplitude    and  frequency,  isolation and grounding for 
field inputs and for   equipment furnished by the Bidder to achieve an installation with   
minimum noise from all sources. 
 
The   Bidder   shall carefully review the   Electrical   Field   Construction and cabling 
specifications given in Section-9 of   this volume.   If the performance of the equipment 
furnished  by   the  Bidder  is  likely to be adversely affected  in  any  manner   because  
of  these  cabling  and  electrical  field  construction   practices,  the  Bidder shall bring 
this to the attention of  the   Owner along with his proposal.   
 
Any additional equipment, services required for effectively   eliminating the noise 
problems shall be identified by the Bidder   and shall be included in his lump sum 
proposal. 
 
The   Bidder   shall  be  fully  responsible   for   satisfactory   elimination  of  any  noise  
problems  that  evidence  themselves   following  the  installation  of  the  equipment.   All 
expenses   incurred in the elimination of noise problems shall be borne by   the Bidder. 

2.14.00  SURGE-PROTECTION DESIGN CRITERIA FOR SOLID STATE/MICRO PROCESSOR 
BASED EQUIPMENTS/DCS/DDCMIS/PLC/UPS etc. 

 
i. All solid-state equipment shall be able to withstand the noise and surges inherent in 

a powerhouse.  The equipment shall be designed to successfully withstand without 
damage to components and/or wiring, application of surge withstand capability 
(SWC) wave whose shape and characteristics are defined in ANSI publication 
C37.90a - 1974 entitled "Guide for surge withstand capability (SWC) Tests". 

 
ii. All solid state equipments, power supply to electronic cards, power supply to 

controllers, PLC panels, DDCMIS panels, SMPS  power supply, UPS, battery 
chargers etc shall have external surge protection device with Plug ability and life 
indication as per IEC 61643-1:1998-02  and E DIN VDE 0675 part 6:1996-03/A2: 
1996-10, to withstand max. 40 kA, 8/20 u Sec of Surge. The connection of the 
devices should be made as per TT configuration wherever applicable. 

 
iii. Signal lines shall have surge protection devices with pluggability and testability as 

per IEC 61643-21:2000-09 and E VDE 0845 part 3-1:1999-07, to withstand max. 
20 kA, 8/20 u Sec of surges. 

 
iv.     For data lines, communication lines, Ethernet/Can networks/LAN, Coaxial lines 

modular surge protection device should be used as per IEC 61643- 21:2000-09 to 
withstand a min of 2.5 kA, 8/20 u Sec of surges. The surge protection device 
should be used with the corresponding connector as being used for the lines i.e. 
RJ45, D-Sub, BNC, N-Type etc. 

 
"The Bus systems (like Profibus/ Modbus etc) or the Serial Port Systems (like RS-
232/ RS-485 etc) shall be protected with suitable surge protection devices, 
confirming to the latest IEC-61643-21 guidelines. The surge handling capacity of 
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device shall at least be 10 KA, 8/20 μSec between core-core and 20 KA, 8/20 
μSec between core-ground. The device shall be pluggable & on-site testable".  

 
v. All electronic cards/modules shall also be protected from failure against 

accidental/inadvertent application of high voltage upto 500V DC (common mode) 
even though these modules may be designed to operate at lower voltage levels 
such as 24V/48V.  

 
vi. In the case of DC powered system/subsystem/instrument, the design shall ensure 

protection against reverse polarity. 
  

iv. The Bidder shall provide details of production tests being carried out to fully satisfy 
the Owner that the proposed equipment meets the above requirements and to 
assure that the products furnished shall be of the desired grade.   

 
2.15.00  General Tools and Tackles, Special Calibration Instruments:
 

Bidder must offer general tools & tackles and special calibration instruments required 
during start-up, trial run, operation and maintenance of the plant. 
 

2.16.00 PG TEST POINTS 
 
2.16.01 Pressure,  temperature  and  flow  test  points  shall  be  provided  in  line  with  latest  

performance test code requirements.   
 
2.16.02 In  addition,  pressure  and  temperature  test  points  shall  be  provided  for  the  

following services:     
 
  (a)  At the discharge of all pumps and fans  
 
  (b)  At the inlet and outlet of the heat exchangers for the fluid media involved  
 
  (c)  Adequate number at the Combustor at different zones  
 
  (d)  At the inlet and outlet of each control valve  
 
2.16.03 Pressure  test  points  shall  be  complete  with  root  valves  and  shall  terminate  with  a 

nipple. 
 
2.16.04 Temperature test points shall be provided with thermowell with a cap and chain.  
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CHAPTER-3

FIELD AND MEASURING INSTRUMENTS
�
3.00.00� FIELD & MEASURING INSTRUMENTS (PRIMARY & SECONDARY INSTRUMENTS)
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3.01.00� GENERAL REQUIREMENTS
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FIELD INSTRUMENTS SHALL BE SUPPLIED & OFFERED AS PER DATA SHEETS SPECIFIED BELOW: 
�
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3.03.00� TRANSMITTERS, SWITCHES, GAUGES AND PANEL MOUNTED INSTRUMENTS
�
3.03.01� Pressure, Differential Pressure, DP type Level and Flow Transmitters (PT, DPT, LT 

& FT)
�
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3.03.02  PRESSURE SWITCHES (PS) & DIFFERENTIAL PRESSURE SWITCHES (DPS)
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3.03.08 TEMPERATURE SWITCHES (TS)
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���������[���#�[���<��#���]<��	�?�����[#�����
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� � � � � � � �\�{�{�����<���[©_#��?����_�#��
�������#������]�����@�<��� � ��� �����_���������?�=������#_��������\��

� � � � � � � {�{��~�#�{����{{��=�[�<���_{�� �
� � � � � � � [�����@#��

����]���@�@���[#���������� � ��� ��#�
�
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� � � � � � � ���������{���_����������{��� � �
� � � � � � � ���#_��������#�{���}`���_��#���[�� �
� � � � � � � ��@_������#��

��`� � � � � ��� ����]<�#��[�#�@��[�\���]��##���?������
� � � � � � � �{��������#<����?����_#�[����� � �
� � � � � � � �{{��]�����#��<�����<����?������ �
� � � � � � � ���{����_������������{{������������� �
� � � � � � � ��]��[��<��#���]<�#���{������

3.03.09 TEMPERATURE GAUGES (TG)
�
� �{{��]�?���#���[��[������� � ���� }���������`�������}������������ �

� � � � � � ��]�{���#���[�\��[�����<�#�#{�]�\�]������
� Type/Construction    
�
� ������<������������������� � ���� }�[_#�������|{�����#���������[��|{�����<��

� � � � � � #�{���?����<���������
������������ ������<������������������� � � ���� `���#��]��
�
� Material
������������� �����`_�?� � � � ���� �������
�������������������� �����	�{�����|������������ � � ���� ����_��[����$�{{��]�?���\������ �

� � � � � � ]�{�����|��|{�+�
������������ �����	�#��@��������������� � � ���� ������~�����]�#����_���_�����<�#��=�[��

� � � � � � �������?��]�� \���#<���{��|�]�����@�� �
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� �]]_��]|������������������ � � ���� §�
���$�+�{��]�������?������
������������ ��#{��#������������������� � ���� �����_�����#�]��[#����<�_��� �

� � � � � � �<�����������[����#�]��[#����<��<���������������
� 	����]�����
� ����{��������������������� � � ���� ��������������
� ���<���������������������� � � ���� ���#_�����#��_��������<�#����[�#�@��]���������

#{�]�\��[�\������#��
�

�����]�##�	����]������ � �� $�+�����������
$��+�����������@�[��\�����������#��
#|#���#��� ��<�� ����@�\ ���@�#�� \�#�����#��
@�#���#���]���

�
�������#���� � � � �� �<���[�[�_�����$�����+��~�®�����$�+��

���<�� ����� {{��#� �\�� ������<� =��@�
�~�®���$�+��<���[#����?��<���[#�

�
� 
�<��������]_���#��
������������ ��	�{�����|����@�<�������� � � ��� ������#~��������#��#���^_���[��
������������ ��}����#�������@�<�������� � ��� ���<���§�����$��+�����\���]�������������

� � � � � � �\�{�{�����<����[©_#��?����_�#��
�
������������ �������#������]�����@�<��� � ��� �����_���������?�=������#_��������\��

� � � � � � {�{��~�#�{����{{��=�[�<���_{�[�����@#��
�
������������ �����{���������_��=��_���� � ��� ��������@�_@�#��\�#]�����
������������ �������������������������� � � ��� ���������|��[©_#��?���
�
� � � � � � �� }��@��������	����]���|{�����{��@�_@�#������

�����]]�{��?���\����������]����{����]������
�
	����]�� �|{��� ��{�� @�_@�#� �����]]� {��?���
\���� ������]��� �{� ���]������ ��]�#��� \�?��� ��@�
���{�����|��
�
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=������@��{����]������ � ���� ����{��]����$ +��\�\_���#]����
��]��#_���	��##� � �� }��������?������$��{��#���~������{���\�\����

��	�	��##������=�#����������+�
�
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� � � � � � �#�{����}`���_��#���[���@_������#�

�
3.03.10 TEST THERMOWELLS (TW)
�
� �{{��]�?�������[��[������� � ��� �������	����������������
� �|{�~	��#��_]������������� � ��� ��]<���[�\����`������]��
� ���������� ���������� � � ��� ������~���~���~����
� 	����]�����
������������ ����{��� � � � � ��� ��������
�
�������������� ����#��}�#��_������ � � ��� ���#_�����#����#��_����#����
� �]]�##����#��������������� � � ��� ��_@����<�]<����
� }`��	����\�]������ � � �� ����<�@<�{��##_���#��=�]���� � �

� � � � � � ����������{����_����������{���� �
� � � � � � ���#_��������#�{���� }`���_��#���[���
� � � � � � ��@_������#�

� � � � � � � `�[[���#<����{��=�[��]��]_��������
� � � � � � � \����<����������#�{��������£���	�� �

� � � � � � ����������������
�

��#������#�#<����?��{��=�[�[���������#��������<����#�����������]�����#������\��[��������
� ]��[��#�����#{��|������� ����#���[���<���{�{��@��#� ��^_���[����������������#����^_����
� ����#��

�
3.03.11  DIRECT MOUNTED LEVEL TRANSMITTERS (LT)

�
��#{��]����|{����=�������#�������#<��������?��_#�[�����<��{��]�##���|�<��������<��{������

3.03.12  Ultrasonic Level Transmitter (for Water sump/Tank level,�Raw water reservoir level, 
Cooling water fore bay level measurements)
�
����]�{����\�
{�������� � �� ����]������\���\��]��[�_����#���]�{_�#��� �
���#_���@����@�#� � �� !{������������#�$�|{�]��+�
��@�������]�##��@� � �� ��]��{��]�##���	��������[���@�������]�##��@�

{������@����^�� � ��� �����������������$�|{�]��+�
��#{��|�� � � �� ���[���_���[����{<���_����]�?�]������
� � � � � �	�~����
	���?���������	��\�@_������� �� �]]�##�?���\����\������\�{������������]���?��������
���@��#�#� � � �� 
�������
����_#� � � � �� ����{���������~����~�������~��������
� � � � � ��=�����[�]�������\�_�����]��
	��#��_]����� � � �� ��_@����?���[�
������#_{{�|� � � �� �������	�������~������	�
��@����
_�{_�� � � �� ���������	����<������$�#�����[+�������
<�����[��
�|#����#�#� � � �� �_��|��[©_#��?���{��\����[�

_�{_��]����]�#� � �� ����������������\����]<��@��=���
� � � � � ]����]�#�¡����������	��
��]]_��]|�����{����?����|� �� §����� ��\�#{������?������
��#��_����� � � �� §���� ��\�#{���
���{����_���	��{��#����������?��{��=�[�[����<�����#[_]����
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	�?���	����]����� � �� �~�®�����
��_����@� � � �� �«�£��«��������\���@�[��
�]]�##����#� � � �� 	�?���@���[��{��\�?�]�?�����
� � � � � ��_����@��]]�##����#�����������#������������

\���@�[���]��
       �[[��������#�{��������]���[�#{��|�_�������<����@����

��{<��_����]�?�]����@<���	�~���������?��{��=�[�[��
\����<����{{��]�����#��<�]<������?��[�]�[�[�[_���@��
[������[���@�������@��

�
3.03.13  CAPACITANCE TYPE LEVEL TRANSMITTER

�
�<��������#|#����#<����]��#�#���\�]�{�]����]��{��?���{�����{��\������[�����#�������
�
�|{�� � � � �� 	�{�]����]���|{��
���?�� � � � �� �+� ��[����#_#{��[�[����]���[���
� � � � � ?+� ��{���|{��{��?�#���|�?��_#�[����|��<�����

� � � � � � � ��^_���[�{��?�����@�<��#�@��������<����������#�
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�
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����#������� � � �� �<������#�������#<������]��=���_�{_���\��<��{����{��\����

� � � � � � ��[��]��=���������������������	��_�{_��#�@������
�]]_��]|� � � �� §�� ��\��_���#]����
�
��{����?����|� � � �� §����� ��\��_���#]����
�
���[� � � � ��� ��������
<�#��
��]��#_��� � � �� ���[��~�{��|�]����[�����]�#����_���_������<��

� � � � � � ���{�����@�#����]��\�����@����}������$��{��#�����
� � � � � � {���\�\�����	�	��##������=�#����������+��

���?��������{����_��� � �� �����°	���
��_����@� � � �� �����~��_�\�]��
�_{{�|�=����@��� � �� ������	�������~������	��
��#{��#�������� � �� ������#�]����?������ �
	�?���]����]����� � �� ¯«�����
�]]�##����#� � � �� 	�_�����\���@���	�?���@���[��{��\�?�]�?����\���|�
���\���?���\���_��#� � �� �������_�{_��]����]�#����<��[©_#��?���#���{�����\�]����|

� �
3.03.14 GUIDED WAVE RADAR/RADAR LEVEL TRANSMITTER 
  

�|{�� � � � �� �_�[�[���=����[���$	����]���
� � � � � �|{�+~��[���$����]����]���|{�+��#�\�������[�?|���������
�{{��]������ � � �� �����_�?�����_?��������������
�����
��������=�����
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��]__��=�##��#�� � � �

� � ��=���������	��##� � �� ��@<�|��?��#�=�����<���#�#���[��_��#�
� � 
����������� � �� �����]���
� � ���?���|{�� � �� �����?������@������[����<�]<_]���
� � ���?����������� � �� ��������
� � 	����]�������������|{�� � �� �«�����@�[����}������?�����������������
� � 	����]�������������� � �� ��������
� � �]]_��]|� � �� §~�������
� � ��#��_������ � �� §������
� � �|{��$����#������+� � �� ��������������
� � 
{������@�����]�{��� � �� ��������������\��]�������|�


_�{_��� � � �� ����������	����<�HART protocol���[��
����±��_�{_�����[��

� � ���]���]���	����]����� � �� ²«�����
��]��#_���	��##� �� }��������?������$��{��#���~������{���\�\����

��	�	��##������=�#����������+�
� � ���]���]��������� � �� ���������	�
� � ��_#��@���������� � �� ����	�#����_���_��
� � ���������������_@����������� � �� ���
� � ��[������@������������ � �� ���
� � ��]�����#{��|� � �� ���=�[�[�$�	����@����+�
� � !���#��\����#_������� � �� ���@�<���

���]�����@����]�]��{���?����|�� ���������
3.03.15 3 D TYPE ACOUSTIC WAVE LEVEL TRANSMITTER

�|{�� �� �]�_#��]���=����=�������#�������$����
�|{�+�

�{{��]������ �� 	������[��#<�`_�������=�������_�����
��##��

���{����_���]��{��#������ �� ��^_���[�\���<�@<����{��{{��]�����#�


{������@�����]�{��� �� ���� �� }���_#�=���]� _#��]� ��=��
����#��##��������\��]�����

���^_��]|����@�� �� ��£��������

�]]_��]|� �� §~������� �\����=���#_�\�]����§���� �
\���_��=���#_�\�]����

��#��_����� �� �����


_�{_�� �� ��������	����<������

Display Unit: � �
�|{�� �� ���[�� �_���[��	 ��� �#{��|� ���<�

��@@��!���#�
��]������� �� �_���?���� �]������ ���? _�����~ �� ����

�{������@�\����������
�����]�����	��##� �� }��������?�����~~�\�����{���\�$}�	�������

�����}+��#��{{��]�?��+��
Material Of construction: � �
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��_#��@� �� ���|{��{|�����

����@�� �� ���|{��{|�����

Sizes: � �
����@������� �� �«����}�������������

���]���]���]����]�����#���� �� ²«�����$�+�

�]]�##����#� �� ���� �_?���]� �{��##����� |{��� �]����
�����[�	�?���@���[#�

� � ����� _���?��� �����@��� ��@�����]� ##��|�
@�#���#���

� � �������]� ��[� #{��|�_�� ����[�� _���?���
��_����@�?� �]���#����]� ##��|�
��_����@�<� �[����� \�����]� ��[� #{��|�
_�����

� � �=��	 ��{�����#� \�������#� ��^_���[�� ��
<�=������=��������������#��

�
�������� Electronic�Water Level Indicator
�
� �{{��]������� �����<�����#���`��������{������������@��������
�

�<�#� ���]�����]� ��=���� �[�]�����#< ����?��{� �=�[�[�?| �?� [[����� n addition to continuous 
level transmitter�_#�[�\�����[_�����@�]��������\���#{�]��=����=������

� �
� ���]�����]����������=������������@��|#����������@����{���]�{����\�[�\\����]��������]���]���

]��[_]��=��|� ?������� #����� ��[� ������� �<�� ���������@� �|#���� #<���� ����� �<��
��^_�������#��#���[�]���[�?������
�
�<��#� �#��@��� �]���[�#�#< ����?��{� �]�[� ����^ _���{� �]<��� <�� �����_��[� #���]��$ @�{+�
?������� �������]���[��#<����?����������[� �<�����]���[�#�#<����?�������@�[� ���#_]<���
��|��<����<����#����[��<��\��#�����]���[��#<��������?�������|�������������{���=�����
`��<�� �[�]��������[�= ���[������#| #����#< ����?��#_ {{���[� ���<�[�_?� ��� #��������= ��=�#� ���
�������#������[�������[�=��������#���
��]<��� �]�����]#� _����# <����?��{� �=�[�[� ���<�� ���� �� �[_�[����{�� ���#_ {{�|�{�]��
]��=�����#����?��\�[�\��������\��[��#��\������	����������	�!���#|#�����#�{���#|#����
��^_����������<�#������{�����#_{{���#�#<����?�����������|�\_#�[���[�\���_����\�����{�����
#_{{�|�#<������� ��\ \�]��� <��{�� \�����]��� \�� <��#|#��������\����������@� \�]����|� ���[�� �]��
��[��������<����##��\�{�����#_{{�|�#<����?��{��=�[�[�  

�<��[� ��]����_�� ���� �@�]�_�� �#���� ��� �� �[_�[����{�� ���#_ {{�|�_�� �#~{�]�#� �# <����?� �
<�_#�[�� ��#� {��������[�� �[�{��[����]_ ?�]��#� \���{� �##_���=�##��������]< �#� [���\ �� <��
�������<�����]�����]�_������_���[� ��]���|�#<�_�[�<�=��[���]����_���#�� ��@�]�_���#���]�� ���
#<����?��� �[�{��[���� \�����]< �{� �##_���= �##��� �<��� ����� ]��#_���� ����@�} �� ���
�
}�[�]������#< ����?��{� �=�[�[� ���\ ���[� \���?� �<�� �[�]��������[�= ���[������# |#������ ������
��[�]������� #� ���?��{� �=�[�[�\ ���� �[�]������#| #������ � _���� ]�������{���� � ���		� ����]� ��
}�[�]������ #<�_�[� ?�� ��?_���� ��� ��]��� ���]�����]� _���� �
�
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���]���[���##� �?�|�#< ����<�=��? �����_� ���[�� ����@��{ ���\�#� ����@��� ���@��������� ��[�
{��=���]� ����]~���]�����{� �?�#� ���<�� �#_�������#_ ���?���\ ���[�#� @��{� �##_����� [�
���{����_����������?��{��=�[�[��

�<��#|#����[�#�@��#<����?��#_]<��<������#<������#_����<���\���_����\�����{��?��]��]_���#<����
�����\\�]������<���{��?��]��]_�����[�\���_����\���|����]���[�����������<��{��� �<��#|#����
\_�]�������[��{����������_��<����<���������#|#����#<����?���\�{��=���\����#�\��[�#�@���

�<����@�]�#<����?��#_]<��<����<�����{���[�����������|�]��]_��#�#<����?����[�{��[����\�����]<�
\��� ����� ��������� ��@<� ��[� ��@<���@<� ��=��#� �\� ������ � ���������@� �\� #��� ����� \��� ���{�
@������������[�{��=�#�����\�#�����@������[���|�#<����?���=����?�������<��#|#��������{���@�]�
#<����?����[�{��[������[�#�{������\����\�_��\��[��@���@�]��

�<��#|#����#<����<�=��\�_���[��@��#��]�\���_��#�#_]<��#� {��]�##�\�_����#|#����<��[�����
\�_����{��?��\���_����]��]_���?���[�\���_����#<����[��������]���_��<����<��#|#����#<����?���?���
���[�#���@_�#<�?���������]�?���\�_�����[�������]���[��\�_����

�<����]� ##��|�� ���|#� ��[�� ���|�� �[_��#� \���� <��
 _�{_��	 ����]�#� #<����?���\ �{� �=���
[�#�@����[���]<�]����]��#<����?������[�\�������������	~������������	������@�������<�#��
]����]�#�#<����?���������|{����<��vessel�<��[��@����]���[�#�shall be IBR certified��
�<��#|#����#<����?��{��=�����[��{{��=�[�?|���]���|��_�_����!����\��^_�=�������}`����]��

�
3.03.17 LEVEL SWITCHES (LS)

�
Type/Construction��������� ���� �+�� ���������\�����]�@���|{�������<�� �

� � � � � � � ��@����]�#���]<��]�_�����\�������#�� �
� � � � � � � ��[�=�##��#����������������������������������������� �

� � � � � ?+�� ���]���[�~	�{�]����]��$\�����������#+���������������������
� � � � � ]+� ��#{��]������{���_���[�\�������]�������

� � � � � � � ������#_�{#����
� � � � � [+� 	��[_]��=��|��|{��\���<�@<����##_���� �

� � � � � � � ��[�<�@<����{����_�����]��#�[�� �
� � � � � � � =�##��������[�����{�������<�����#���]��

  Materials 
��`�[|������������������� � �� 	�#��	��?��������~����]�#����_���_��#_���?�����\����

#{�]�\��[�{��##_�����[����{����_��������@#�
�
����������������������������������������� ��� ����]����#�=����^_�[#�#_���?����������]����#�=���

� � � � � � ]���~�����@���#<����?��{��=�[�[��
�������~��#{��]���� � ��� �������
���������{��� � � ���� �������
��\\���������������������� � ���� §������������_��$�[©_#��?��+�
	����]�#��
���_�?�������������������� � ���� ����~�������
���|{��������������������� � ���� ���{��]�������]���#���]<��_�����#������<�����������

�[©_#��?����
�������@������������������ � ���� ����{�������	���������{�������	�
	����]����������]�##������ ���� 
���$�+���]<��	����������������
�����
� � � � � 
���$�+���]<����}�����@�[�
�������������������������������������������� � ��_�$�+���]<����}�����@���\���#_�{�#��=�]�#��
���]���]������ � � ���� �_���?���\�����_@�����|{��]����]�����
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���{����_��~{��##_��������@������ �#�{���#��=�]��]��[�����#����������������
�]]�##����#�������������� � ���� 	�_�����\���@�#��#�����{�{���\���^_�#�������@�<����<��

����]����#�=��]�����@�\���#_�{�#��=�]�#��
� � �
�_]������]�{�]����]������_����#���]��|{����=���#���]<�\���?_�������������{{��]�����#��

� #<����?��{��=�[�[��

3.03.17.01 Conductivity Type Level Switch
�
�|{�� � � � � �� 	��[_]��=��|�[�#]������������

� � ��_����@� � � � �� ����@�[�£����#���[{�{���
� � ���?���
	� � � � �� �������##�#��������<�<�@<�{_���|�� �
� � � � � � � � ]�����]��
� � ���?�������@� � � � �� ¥������_��[�#�@��{��##_����\�� �
� � � � � � � � =�##����
� � }�{_�� � � � � �� ��_����[�{��[����]<���������<�� �
� � � � � � � � #���]��?���#���]<��@��<��#<��[�\���� �
� � � � � � � � ������]��[_]��=��|��
� � ����|�
_�{_�� � � � �� ��_���#�����[��_�{_������|#�\�������� �
� � � � � � � � ������������������
� � 	����]���|{���������@� � � �� ����������������¡���������	��

��_��#�����]������ � � ��� ����������~���]���[��	����]�����
� � � � ������������� � �
{���]��]_��~#<����]��]_������@��_�[���

���_�[�\���_����
}��?_�����������\����@�]��

}�[�]����� � � � ��� 
�����[�����\���#����~����������������
� � � � � � ���� � \���������~�������������������]<�\����

���]�##���#|#����\�_����
  ������#_{{�|� � � � �� �_���������	�����������<�������!���
� � ��]��#_��� � � � �� }�£����]����#������#�#��������������_����@��
� � � � � � � � �|{���
� � �]]�##����#� � � � �� ��� �����]�?���\����{��?��������]�����]#��

_����� Electronic unit shall be 
separate. ���[� ��_���[� ���]�����]�
_�����#�����{��\����[��

� � � � � � � � ���� ��_����@��]]�##����#�
� � � � � � � � ����� #���[{�{��
� � � � � � � � �=�� ��#<�����@�#����
� � ��#��{��##_��� � � � �� ��������#�����[�{��##_����

3.03.17.02 Capacitance Type Level Switch
�
� � �|{�� � � � �� 	�{�]����]���|{��
� � ���?�� � � � �� �+� ��[����#_#{��[�[����]���[��
� � � � � � � ?+� ��{���|{��{��?�#���|�?��_#�[����|�� �
� � � � � � � � �<������^_���[�{��?�����@�<��#�@��������
� � � � � � � � �<����������#��
� � ���?����_����@�� � ���� �������##�#��������~�����}��������@��~�¯ª�� �
� � � � � � � ����$�+�
� � ����������\�]��#��_]����� ��� �������
� � }�#_������� � � �� ���������~�_����#�{���#��=�]���
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� � ��]��#_��� � � �� ���[��~�{��|�]����[�����]�#����_����_���� �
� � � � � � � ���<����{�����@�#����]��\�����@����}������� �
� � � � � � � $��{��#����{���\�\�����	�	��##������=�#��������
� � � � � � � ����+��
� � ��?��������{����_��� � �� �����°	���
� � ��_����@� � � �� 
����{�
� � �_{{�|�=����@��� � �� ������	��������\����!��~������	��
� � ����|��_�{_�� � � �� �������
� � 	����]�������@� � � �� �����������������	������#�#��=�����[� �
� � ��#{��#�������� � �� ������#�]����?������ �
� � 	�?���]����]����� � �� ¯«�����
� � �]]�##����#� � � �� 	�_�����\���@���	�?���@���[��{��\�?�]�?�����[��
� � � � � � � #������##�#����������{�������@��=�[����<�� �
� � � � � � � ��{<���_����]��
�
3.03.17.03 RF TYPE LEVEL SWITCH 
�

A. Electronic Controller 
�
��������������� ��� }�{_���_{{�|�� � �� �������	�\����!���
���������������� ��� 	��#��_]����� � �� 	�#����_���_����_#��@�

��� ����|�
_�{_�� � �� ����#������|�	<��@��=������������������	����]�#$��
� � � � � � �����+�

��������������� ��� 	����]�������@��� �� �������������	������������������	�
��������������� ��� 	��##��\������]����� �� }�����
��������������� ��� ��?��������{����_��� �� �����@��	$���+�
��������������� ��� ��]���}�[�]������ ��� ��]�������}�[�]�����#�
� � � � ������ � ���� ���������=���
� � � � ��[���� � ���� ��������=���
� � � � ��������� ���� ���?�������<|�
��������������� ��� 	�?���	����]����� �� �~�«���$����#�+�\����_{{�|���[�
_�{_��
� � � � � � � �~�«���$�����+�\������?��	����]�����
��������������� ��� ��{����?����|� � �� ��� ����

            B. Sensing Probe 
�
����������������� ��� �|{���\����?�� � � �� ��@�[�
�
����������������� ��� ��������� � � �� �������##�#������������
����������������� ��� ���?�����[���_#��@� � �� 	�#����_���_��
����������������� ��� }�#_�������$`~���]��=��� �� �����
� � � ���<���[���[��<���[�
� � � �����_�[+�
����������������� ��� ���?�����[������]����� �� }�����
����������������� ��� ��_����@� � � �� ��[����_���[�
����������������� ��� 	�?���	����]����� � �� �~�«���$����+�
����������������� ��� ���]�##�	����]����� � �� ����`�`������������

������������ �� 	��� ��@����	�?��� � � �� 	�������]�?���\���	����]�����`��������
���#��@�{��?�����[����]�����]�	���������$¡����
���#��������=������?�+��
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�������������� ���� �{{��]������ � � �� �#<�����#� �

��������� LEVEL INDICATORS (Gauge Glass) (LI)
�

Type/Construction    : a) Reflex  � �
� � � � � � ?+� �_?_����$��������#��{�������

      ����#{<�������|+�
� ����������

�+� ���##���������� � ��� ���{���[�?���#���]������#�#���������<������#<�]�� �
� � ?+� 	�#����������� � ��� 	��?���#������
� � ]+������}���@����]�]�#���[��� ��� �+�� ���@�[�]��?���#��������<�[�����=��=�#��

#������##�#�������������#�
��+�� �_??�������[�]����#������#�#������
� ����#������##�#�����$\�������������#�[���[��

� 
#��#�#�������#��=�]�+����
� [+�������@#������� � � �� �+�� ���@�[�]��?���#��������

��+�� �_??��� ����[� ���� #����~��	� \��� ]����#�=��
��^_�[#������������#�[�� �[� 
#��#�#� ������
#��=�]�+�

� � � � � � � ���+�� �����������##�������\�������]����#�=����^_�[#�
� � �+� ��]���@��������� � ��� ��\����
� � �
� �����#���~#]��������� � ��� �������~���������#������_�����@�<����<��
� �
� �]����[�����#������� � ��� ��_���_�~������#]�������[_���[�������]�
� � 	����]������������� � ��� ����?~����?����}�����@�[�
� � �]]�##����#�������� ��� � �+�� }���@����]�]�#����
� � � � � � � ?+�� ������=��=�#����
� � � � � � � ]+� `���#���_�#���[�@�#���#�
� � � � � � � [+� }��_�������@����{#��#���^_���[������������
� � � � � � � �+� ����#]�{���#���^_���[�
�
� � ��#�#����������� ��� � ��#��[��������<_�[��[�$���+�{��]�����\��<��� �
� � � � � � � �����_��{��]�##�{��##_���
�
� � 
�<���[�����#� ��� � �������@������@�<#���[[��������@�_@��@��##�#�� �
� � � � � � � #<����?��{��=�[�[����<������_���\�������� �
� � � � � � � �=����{��
�
3.03.19 FLOAT & BOARD TYPE LEVEL GAUGE 
� � �|{���\�}�#��_����� � �� ��]<���]����|{��$������
{�����[+�
� � ���=�]�~��{{��]������� � �� �#�{���#��=�]����^_��������
� � ���#_���@����@�� � �� �#�{�����^_��������
� � ����������{�]�\�]�������
� � �+������������������ � ��� ������<�=��@�����#���_�[������#�
�
� � ?+��������������_���|�� � �� �<����]��{��#���\�����#��	�#����_���_���_���|��
� � � � � � � <�#��@��##��?�|����<��������{_���|���[�{_���|�#<�\���
� � � � � � � ������?����?�����@#�#<����?��{��=�[�[����{_���|�<�_#��@�
� � � � � � � \�����#����\�������=���������������������������#<����?��
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]+���_�[��������##��?�|� �� 	��]<��?������<�#{���@���[���[©_#����<�=��@��«�	��##�
� � � � � � � �������}�������\���@����_�[���������{��#<����?���
� � � � � � � ���������
� � [+��	�_��������@<���� � �� ���]�_�����£����@<�����<���_���_������������[��
� � � � � � � `��##��##��?�|��_���	<������
� � �+���]����� � � �� �������~��_���_��������������������<��� ��]]_��]|���
� � �������������#�� � �� ����\����������{_���|��##��?�|��������{{��@���[�\����
� � � � � � � @_�[��������##��?�|�������{{��@�����<����{��\��<���
� � � � � � � ����¬�������«��`�$��{����_����@��|{�+�
� � ���]�##�	����]������ � ��� ����@�[��#�{������}�`���������#_����«��`���������
� � � � � � � $����������@�<����������\���\������������������\����
� � � � � � � @_�[������+��
� � �]]�##����#�$���?��#_{{���[����<��<����#��_����+�
� � �+��	�_�����\���@��� � �� ���������@�����@�#����������
� � ?+���_����@��]]�##����#�� ��� ������_����@��]]�##����#��
� � ]+����@������� � � �� ���?��{��=�[�[�$��������������+��
�
3.03.20  MASS FLOW METER
�
  Sensor
�
� � ���#_���@�����]�{���� � � �� 	������#���##�\�����
� � ������|��������� � � �� ������_?���\����������?������
� � ������@������@�������� � ��� }���@�������<�������������
� � ���{����_���	������� � � �� ���?��{��=�[�[��
� � ����������@�
� � ���]�##�	����]������ � � �� ���}��������@�[���[�� ����@��#� {���{��]�##�
� � � � � � � � ��^_����������
� � ������ � � � � �� ���\�[������@�\�]����|�
� � �]]�##����#� � � � �� 	�_�����\���@�#����_����@��_�#��?���#���
� � � � � � � � @�#���#���]����
  Transmitter
�
� � ���#_��[�^_�������#�� � � �� ��##��������������������##����������#��|���
� � � � � � � � ���{����_����#������_���
� � }�{_����@�������]�##��@� � �� ��@��������]�##��@��
� � ��#{��|� � � � �� ��@�������#{��|�$�	�+��
� � 
_�{_��� � � � �� ����#���#�����[��_�{_���\���������	��
� � � � � � � � #���]��?���\����\�_�����#_��[�^_�������#��
�
� � ���[� � � � � �� ¦������<�#��
� � ������#_{{�|� � � � �� ������	��������������!���
� � �]]_��]|����������� � ��� �� ����� ��\����#_��[�=��_��\�����^_�[�
� � � � � � � �� ��� ��\����#_��[�=��_��\�����#�
� � ��{����?����|�������� � � �� ����� �
� � ��_#��@�������������� � � ������ }�����$��{��#����{���\�\�����	�	��##�����
� � � � � � � � ��=�#����������+�
� � �����[�_#�[_�|����#��������� �� ����� ��������[��[#��
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� � � � � � � � � ��\����������������������[©_#�������
� � � � � � � � � \�]����|�
� � � � � � � � ?+� ��_����@�!�?���#���_�#��?���#��{��\�?��
� � � � � � � � � ]�?�����]��
� � �{{��]������� � � � �� ��
��������������
�����#����
���]��]_��������
� � � � � � � � ����#���]���
�
3.03.21 Turbine Flow meter
�
� � Sensor

� � �|{�� �� � � � �� �_�?����$��������\_���?�����?�#�[������@����]��
� � � � � � � � {�]���\��{_�#�#+�
� � 
_�{_����@����������� � � ������ �_�#��
�
� � ����������\�	��#��_]����� � �� �+� `�[|����}�}�����
� � � � � � � � ?+� ��������}�}������������
� � � � � � � � ]+� `�����@#���_�@#����	��?�[��~��
� � � � � � � � � ��������[�����=��

�������������@������� � � ������ �#���^_���[��
��������|������������ � � �� ���� ����?�������
��{����?����|�������� � � �� ����� ����?�������
��?��������{����_��� �� � �� ���[�@�	�
��_����@������������� � � �� 
���������_����@����<����}����\���@�#��\��

#������##�#������
��]��#_�������������� � � �� }�����
Transmitter
���]�����]#���������� � � �� ����[�������
�������_{{�|��������� � � �� ������	��������!���
}�{_���������������� �� � � �� }�{_��\�������#���
��#{��|�������������� � � �� ���~��[�@����	��

_�{_���������������� � � ������ }#�����[���������	������
���#_���@��]]_��]|���� � �� ���� ��\�\_���#]�������@��
�
��������[����_������� � � ������ ��^_���[�
��_#��@�������������� � � ������ }�����$��{��#����{���\�\�����	�	��##�����

��=�#����������+�
����{����� � � � �� ��@��_�?����#��=�]����@��=�[����#������##��

#�������@�{�����
�]]�##����#���������� � � ���� ���+� ]���{��@�#���{��?��]�����{��\�?�]�?����

��]����[�	���?����������]��\�@_�������
�����

�
3.03.22 VORTEX FLOW METER
�
  Sensor
� � �|{�� � � � � ��� ��������
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� �� ���#�������� � � � �� �����~�<�@<���?�#�[�������{����_���
� � ��������@����� � � ��� ������ �#���^_���[��
� �� ��������|������������ � � �� ���� ����?�������
� �� ��{����?����|�������� � � �� ����� ����?�������
� � � ��?��������{����_����� � �� ���[�@�	�
� � ��_����@������������� � � �� 
���������_����@����<�\���@�#��\�#������##��
� � � � � � � � #������
� � ��]��#_�������������� � � �� }�����
� � �]]�##����#� � � � �� �_�#��?���#��@�#���#���]��
�
� � Transmitter
� � ���]�����]#���������� � � ������ ����[�������
� � �������_{{�|�������� � �� ������ ������	��������!���
� � }�{_������������� � � ����� ������ }�{_��\�������#���
� � ��#{��|������������� � ��� ������ ���~��[�@����	��
� � 
_�{_���������������� � � ������ }#�����[���������	��������
� � ���#_���@��]]_��]|�� � �� �� ���� ��\�\_���#]�������@��
� � ��������[����_������� � � ������ ��^_���[�
� � ��_#��@�������������� � � ������ }�����$��{��#����{���\�\�����	�	��##�����
� � � � � � � � ��=�#����������+�
� � ����{����� � � � �� ���@��_�?����#��=�]����@��=�[����#������##��
� � � � � � � � #�������@�{�����
� � �]]�##����#���������� � � ������ 	���{��@�#���{��?��]�����{��\�?�]�?�����]��
� � � � � � � � �{�]�������������\���]���?������~�]��\�@_���������
� � � � � � � �
3.03.23 Flow Transmitter (Ultrasonic)
�

�|{�� � � � �� !������
�}	��������[�
���#��@��������� � �� ����]����]��

_�{_��� � � ���� ����������<�����������]���
�]]_��]|� � � �� §���� ����

� � �_{{�|�� � � �� ������	�
��]��#_���]��##� � �� }�����

Transmitter
��_����@� � � �� 
���������
��_����@�{�#������ � �� ��{���_���[�
��_#��@� � � �� ���#��]�
��#{��|� � � �� ���[���_���[��	����#{��|���[���������	���

[�#{��|�
���]�##�]����]����� � �� ���~����@�[�

� ���]���]���]����]����� �� � ����
�_�������������� � �� ������

� ���#_���@����@����������������� �� �[©_#��?���$�#�{���{��]�##���^_�������+�
� ������#��� � � �� ��^_���[�

�]]�##����#� � � �� �#�{���{��]�##���^_��������
�[[��������#�{��������]���[�#{��|�_�������<����@����
��{<��_����]�?�]����@<���	�~���������?��{��=�[�[��
\����<����{{��]�����#��<�]<������?��[�]�[�[�[_���@��
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3.03.24 Positive Displacement Flow Transmitter
�

��#���=��[�#{��]������ \����� ���#������#�#<����?��� \\���[��������]�����]� ����������#<����?��
{��=�[�[�\�����]<�\�����������[�� <����]�������\��<�����������#�#<����?���] ]�{��?�������<��

��������������������#�#<������#��?��{��=�[�[������#_��������_���]]_��]|��
�
�|{�� � � � � ��� ������\\�]�����#���� �
� � �
`�[|���������� � � � �� �}�}�����~����	�#����_����_���
� � � �
�����[�{������������� � � �� �}�}�����~����	�#����_����_����
$�������#�����`�����@��@�����
��]+� � �
�

����@���������� � � �� �����~�<�@<���?�#�[�������{����_���
�
��������@����� � � ��� ������ �#���^_���[��
� � � �
�]]_��]|����������� � � �� §���� ����?�������\����[��@�
� � � �
��{����?����|�������� � � �� �§����� ����?�������
� � � �
��?��������{����_����� � �� ���[�@�	�
� � �
��_����@������������� � � �� 
���������_����@����<�\���@�#��\��
� � � � � � #������##�#������ �
� �
���]�����]#���������� � � ������ ����[�������
� � �
�������_{{�|�������� � �� ������ ������	��������!���
� � �
��#{��|������������� � � ������ ���~��[�@����	��\����������������

��������[�=��_���
� � �

_�{_���������������� � � ������ }#�����[���������	���
�
�_�������������� � � �� �����
� �
��������[����_������� � � ������ ��^_���[�
� � �
��_#��@�������������� � � ������ }����~�$��{��#����{���\�\�����	��

	��##������=�#����������+~�\�����{���\��
$}�	������������}+���#��{{��]�?��+�� � �

����{����� � � � �� ���@��_�?����#��=�]����@��=�[�����
� � � � � � #������##�#�������@�{�����
� � �
�]]�##����#���������� � � ������ �+� 	���{��@�#���{��?��]�����{��\�?��

� � � ]�?����?�����|���]��
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� � � � � � ?+� �{�]�������������\���� � �
� � � � � � � ]���?������~]��\�@_��������

�
3.03.25 Electromagnetic Flow meter
�
� ���]�����@����]�\���������#�#<����<�=��#�{����������#�������<�=��@��]]_��]|�§��� ����<�

����� #��?����|� \���_���� #_���?��� \��� {��]�##� ��[�_�� ���<� ¦¨� �� ��]���� ������#�
]��[_]��=��|��\���@�#���������������������]���[�������#_���@��_?�������������������������
�����������\������[���]� �#_���}��������]���[�@�����[�#{��|�]��\�@_��?����# �������#����� ����
����_�{_��#�@���������]��{���?������<��������[�#{���\���[��[©_#��?�����{{��]������£����
��������[�\�����<����{{��]�������#�[�]�[�[�?|��������

�
3.03.26 FLOW GAUGES (FG)

�
�|{�~	��#��_]������������� � ��� �+�� 
��������|{��������������\���� �

� � � � � � � � ����?���[�?�����������#�
������������������������������������������� � � ?+�� `|{�##��|{������������\���� �

� � � � � � � � �?�=������?��������#��
Material      

- For On-line type
�
�������@��_?��������������� � ���� `���#���]����@��##�
�������������������������� � � ���� �������
��]���@������������������� � � ���� ��\����������
��[�\�����@#�������������� � � ���� �������
���������������� �
-For Bypass type
�
�������@��_?��������������� � ���� `���#���]����@��##�
�������������������������� � � ���� �������
��]���@������������������� � � ���� ��\�������
��[�������@#�������������� � � ���� ����������

��\�]�������������������� � � ���� ����������
	����������@�������������� � � ���� �������
����@�#��������@�\���@�#�� � ���� ������#�{�{�����������������?#����}��

� � � � � � � �����
�
}�{_�#��{�{��������������� � � ���� ������#�{�{�����������
�
������@#������������������ � � ���� ��������}�������[#�������]<�����<���

� � � � � � � {�{������������
���������~�]�������@�<��� � ���� ����������
�]����������#������������� � � ���� ����]�����[��@��|{����@��=�[����
� � � � � � ���[���]<�?�����_���_��#]����
�]]_��]|������������������ � � ���� §�����$�+�{��]�������
��{��[_]�?����|��� � � �� ���\�$�~�+�{��]����
���@��?����|� � � � �� �����
	����]�������������������� � � ���� �	�������
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�]]�##����#��������������� � � ���� �+� }#������@�=��=�#�$\���`|{�##�����
� � � � � � � � �|{�����|+�

�������������������������������������������� � � ?+�� `���#���_�#���[���#���#����#���
� � � � � � � � ��^_���[�

��#�#��������������������� � � ���� �<����?����#��[��������<_�[��[���� �
� � � � � � � $���+�{��]�����\��<�������_����� �
� � � � � � � {��]�##�{��##_����

3.03.27 SIGHT FLOW GLASS INDICATORS
�

� �|{�~	��#��_]�������������������������������{{����|{���
�

Materials   � ��� �
� � `�[|� � ������� � ��� 	��?���#����~�������#�{���{��]�##���^_���������
� � ���##��������� � � ��� ��_@<���[�`���#���]����
� � ��#���#���� � � ��� ���{�����

`���#����_�#�������� � ��� ���
���{{��#�~��������@��<������ ��� ���������

� ����� ����{{��#�~��������@��<����� ��� ���������
<��[������
���]�##�	����]������������� ��� ���$��]�������[�[+�
�]]�##����#������������������� �������������]�����`���#���_�#��	�=���{����#���[���#���#��#��

��^_���[�
��#�#������������������������������������������� ��#��[��������<_�[��[�$���+�{��]�����\��<�������_���

{��]�##�{��##_����
�

�������� SOLID FLOWMETER

�|{�� � � � �� 
������}�{�]���|{����]��{��]�##���`�#�[�
�
���#_���@�����]�{������ �� �<��#|#�������#_��������#�?�#�]���|�{������#�����

�<��� ��#_�������� \� <����������[�\ ��]�����_#� �@�
������] �����[�?| �� <��� �{�]��� \�#� ��[� \����_{ ���
�������#��#��@�{�������<��<����������[�\��]�����?���@�
{��{�������������<����{�]��\��]�#�������]��=�����<�#�
<���������� ��=������ ����� ���]���]��� #�@����� �<��
��?_���� ����@������]��=���� �<�#�#�@���� ����������?�#�[�
\�����������[�]��������{��=�[����������[�\������#���

���#��@�{����� � � �� �������
���#��@�<��[� � � �� ���#��@���]<���#��#<����?����_���[��
� � � � � �_�#�[���<��{��]�##�\����������
��]��#_��� � � �� �������
�
��]��#_���{����]����� � �� }�����]��##�
�]]_��]|� � � �� §~�� �
��{����?����|� � � �� §~����� �
���\�� � � � �� `��<��������#{���§�� �~�����<�

_�{_��� � � �� ��������	��#�����[�����[������<��$���+�
��@�����]���_��]������� �� |�#��$����+�\�]����|�
������#_{{�|� � � �� �������	��������!���
��?�����]��[������ � �� ���{����_��������

� � � � � � � ��=���������£���@<�|��_#�|�
	������� �
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�]]�##����#� � � �� �<����?��]��{��������<������<���
�]]�##����#� ��]�_[��@� [�@����� [�#{��|� \��� � \���� ������
����@����=���#��?�\\��#�\�������#�{������������ ]���<�]<�
�=�����^_���[�\���#���#\�]���|��{���������

� �������
� � ��� �<���?�=����������\����������#<��������]��������|��?#��_]��������\�����

� � ��� !#���#���#��#<����?��#_?�����[����#_{{�������{��=���#���#\�]���|�{��\�����]��\����
� � #�������{��]�##��{{��]�������

�������� Instrument Air System 
�

�<��� �#��_������ ���� _{{�|�� |#���� \���= ����_#� {��_����]� 	�������� � }�#��_����������
[�=�]�#� ����� {��_����]� �]�_����#�� {����� ]|���[��#�� }~�� ]��=�����#�� {��_����]���|�
�{�����[�=��=�#���]��#<����?��]��{��������������#{�]�����<���]�##��|��������������@_�����#��
=��=�#��{�{��@~�_?��@���]�����]<�{��_����]���#��_�����#<����<�=�������[�=�[_�������#<_���\\�
=��=����<��{��##_�����@_�����@�=��=��#<����?��� ^_�{{�[����<���� ���������\ ������������� ��
{��##_���@�_@����[���?_�������\������<�_#��@�?����[����=��=���
�
�������#<����?���\������_������]����#������#������[�?����������������
�

��]����]������\������� ����<��[����#��\� ��#��_���������� ���#����]<���]����_������]�[����#�
��[�{����[�]���|�#������[��{�����[�[����#�$���<����]�����]�������������������������[���
��_�#��������@��[©_#��?��+��������?��{��=�[�[��

�
� ������]<���]��� �|{�������]���]��� �|{����<�� ��]�����#����?��{��=�[�[�����<�� ��#��_���������

����#��\�?�� ������ ����	<����|��� ����� _�?������ ����� ]���#<����?��[�]� [�[��[_� ��@�[� �����[�
��@�������@��

�
Bulk header� ����?|� �<�� ]���[�[� �{{��]�����#� #<���� ?�� {��=�[�[� ��[� \���� �<�#� ?_���
<��[�����[�=�[_�����������#����<���]�##��|��#��������=��_�#��������[�����<���{{��]��������

�
� � �<�#��?_���<��[����������?��{��=�[�[����<�mechanical / electronic based automatic 

Drains.
�

}�[�=�[_������#�_���#�{�������\���
�

�

�����|�������=������{{��]������#<����?��{��=�[�[�����?|�
�<��� �#��_�����#� ��#� �����<��]� �� <��]� ���� �\��� ��� <��{� �\�����]��� \�= �����\ �����]� ������
�������#���

�������� Air Filter Regulator (AFR) 
�������

	��#�����?���[��|{���������<�����]]_��]|��\�§����� �������{��##_������@���\������@~�]���
��[� #_���?��� #{���@� ���@�#� $���+� \��� _#�� ���<� {�#�������#� ��� ]������� =��=�#�� ]�������
[��{����� ~�� ]��=�����#���[�#< _��� \\�= ��=�#� \���{<�#{ <���?� ������� \������ �� �������¬�
��������@�{����]��#��?�=��\�=����]���#�������<�����[�����������{���\�����]��#_��������������\�
�]]�##����#������?���������

�
Air filter regulators shall be provided in the :

�
$�+� ����#_{{�|���������=��=��{�#�������#�~�{�����]|���[��#�
$?+� ����#_{{�|������������]���]����{��_����]�]��=�����#��
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$]+� ����#_{{�|���������{��_����]��������]��[�?��]��=��=�#��
$[+� ������]<���#��_�������]���\���[���#��_����#���]��#_���\���{_�@��@��

�
�������� Electro-Pneumatic Convertors (E/P)
�

����������|{���~��]��=�����#����<�����]]_��]|��\��§���� ��]]�{���@���������[]�#�@���#�
\����]� ������#| #������ [�]� �=�����@� ���� ���� �� ���@ ~]����� ��{ ��##_���� ���{�� ����= ��=��
{�#�������� �\� ���� \����� ]������� �������#¬� ��_#�[� ��� ]�#�� ��_���_�� ]�#��@� $���<�
{��|_���<����{����+¬���������� ��^_�=������[�@�����\�{����]�����\�����]��#_��������������
�\��]]�##����#������?��� ���� ~��]��=�����#�#<����<�=��\ ���� \������$#��|�{_� +� \���_�����#���
���]�##�]����]�����#<����?���~�«�����$�+���[����]���]���]����]�����#<����?��²«�����$�+��

���~#{����[ ©_#������ \�]����|�#<����?��{��=�[�[���<�������� �]��=�����#�#<���� retain the 
pneumatic signal (last value) even in failure of control signal� ��[�#< ���� <�=�� self 
volume boosters.���]�##��|�������]��[�=�]�#���[�{��##_���#���]<�#�\�������{��##_�������
�������@�#<����?��{��=�[�[��

�
�������� Solenoid Valves 
�

�������[�=��=�#�#<����?��{��=�[�[����<�]�������=��=�#�~�{��_����]�]�������=��=�#�<����[�
_{����<�{��]�##��������]����^_�������#���[��<����[���]�����{{��@��#���=��=�[���<���_�?���
�\���|#�\���#������[�=��=��#<����?��{��=�[�[��#���[�]���[�?������

�
$�+� ����$�+���|�#������[�=��=�#�#<����?��{��=�[�[���<����{��]�##�������\���##��<������

������<�����{��##_�����[����{����_����{{��]�������
$?+� �<����$�+���|�#������[�=��=��#<����?��{��=�[�[�]������|���<�����<��{��##_����#�

�[�����[�� ���� <�_#��[� \������ [��{<��@��= ��=���� �#� �@����] ���@� ]|���[����� �@��
���_����]��{�����[�#{��|�������?��]��=��=���

$]+� ��_��$ �+�� �|�#� �����[�= ��=��#< ����?��{� �=�[�[� \����{� �����@�[�_?� ���]� ��@�
]|���[��#����@�����_����]���|��{�����[�����\\��|{��[��{��#��

$[+� �����{���������\��<��\_�������]�������������=��=�#��\_����������{�=��=�#���]���double 
coil solenoid valve�$����]<�]�����������]<�]���+�#<����?���[�{��[���
Single coil usage requires always power and loss of power leads to closure 
of above valves resulting the unit trip or loss of generation.

$�+� �������[�� ��=��]� ��#� #<����?��	 ��##���< �@<����{����_����� �	 ��##���]� �#��_]�����
�#� �{{��]�?�����[�#< ����?��[�#� @��[� \��� ]�����_�_#� [_�|�� �<������|�#� �����[�
=��=�#� #<����?��[�#� @��[� \���_�� =��#����{�� ������#� � �<���� <��#_ {{�|��� ��� �|�?� �
]����]��[� �����|�{������������[���]��#_��#�#<����?��������+~� $��{��#����{���\�
\�����	�	��##������=�#����������+~� \�����{���\� $}�	������������ }+��#��{{��]�?��+��
`�[|�����������\�#������[�=��=��#<����?������	�#����_���_������������

��
� $\+� ����#������[�#<����?�����<�=���#�����������[�]�������#_�@��#_{{��##�[��[����[�]��]_��#��

3.03.33 Power Cylinders (Pneumatic)

� � ��_����@��|{��� � � �� �+� ����[�{�#��������_����@�$��[���
� � � � � � � � � ��_����@+��
� � � � � � � �� ?+� ��_��������_����@� � �
� � 	���������@���� � � � �� ����������@~�^��]���\����}~��]��=������\����
� � � � � � � � ��[_�����@�{_�{�#�#������~����	��{�����[��
� � � � � � � � #������[�=��=���{������@����{��_����]��������
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� � � � � � � � �<��������#������[������<�=��#�{������]���#�\����
� � � � � � � � �{���]��#��@�{_�{�#���
� � �_{{�|����� � � � �� �����@�~�	����
� � ����]������ � � � �� `�#�[�_{�����<�_#��~����^_���#���������@�<���
� � � � � � � � ��@_������=�������\_���#]�������=����������
� � � � � � � � ��{����?����|��#{�]��\�]������]�����=�#����\����
� � � � � � � � ��������{�����[��������]��#���{���������
� � 	�#��@�� � � � �� }������
� � �]]�##����#�$�#���^_���[+� � �� �+� ������]������|�
� � � � � � � � ?+� ���[��<�����
� � � � � � � � ]+� ����\��������@_���������<�@�_@���
� � � � � � � � [+� ���_���`��#�����
� � � � � � � � �+� ����������]<�#��
� � � � � � � � \+� ��#�����������<�}�{_���
_�{_����[��
� � � � � � � � � #_{{�|�{��##_���@�_@�#��
� � � � � � � � @+� �������������[����=��$��_?���	�����
� � � � � � � � � �|{�+�
� � � � � � � � <+� ��#����������#�������$���������	��
� � � � � � � � � ��������_�{_���������������]����]���
� � � � � � � � � �|{�+��
� � �����#�\���{�������� � � �� ���|�{_����{������]��#��{�#���������{��_����]�
� � � � � � � � ~����]���]���{�����#_{{�|�\���_����#�{���{��]�##�
� � � � � � � � #�\��|�]���������
� � ��{����?����|� � � � �� `�������<������ ��\�\_������=����
� � �|#����#�#� � � � �� ��##��<���� ��\�\_������=����
�
3.03.34 Nucleonic Type Density Meter (For Ash Handling Plant):- 
�
� � �|{�� � � � �� �_]������|{����[�������
� � �{{��]������ � � �� �?��#�=����_����#���	����#�=��	<���]��#�
� � �]]_��]|�� � � �� ¦�� ��\��{���
� � 
����������� � � �� �#�{�����^_���������
� � �|#�����|{�� � � �� ��[���������_�]�����]����������������]����
� � ��������������� � � �� �������~���_����_�����<���	�]�����@�
� � 	����]�������������� � � �� ��������
� � 	��{��#������ � � �� ���{��	��{��#��������^_���[�
� � �|{��$����#������+� � � �� �������������������?�#�[�
� � 
{������@�����]�{��� � � �� �#��<��[��#��|���]���#����<���
� � � � � � � � �������<����[�������\���[����[���]������[�=�]���
� � � � � � � � =��#���
� � 
_�{_��� � � �� ���<�{<����_���{����������������	�
� � ���]���]���	����]����� � � �� ²«�����
� � ��]��#_���	��##� � � �� }�����
� � ��]�����#{��|� � � �� ���=�[�[�
� � �]]�##����#� � � �� ��[��������_�=�|���������[������
� � � � � � � � ���]����~��#����������<��[������
�
3.03.35 Non - Nucleonic (Vibration) Type Density Meter (For DM & AHP Plant):- 
�
� � �{{��]������ � � �� ��^_�[����#��|����#_�������
� � Detector
�
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�� ����_������@��#��]#��
�� ���@���������?����|��
�� ��#����#{��#���
�� }�����~�������������]������
�� �_{{���[����<�	���?�������	����\�]�������]��?���

��������������}��������������_��[��|�����[��[#��
�� ���#���{����]��������<�#������[�\������
�� ��]����	����#{��|�\�������������

�������� Junction Boxes 

=�� �|{���� � � �� ������{���\~����<���{���\�
=��� ��]��#_���� � �� }����~��{��#���~����������\��#�{���������

]��##�\�]��������
=���� ���������� � �� �������<�{����]��=��	�����@��
=����� 	�?�������|�� � �� `�����������[��
���� 	�?���@���[#�� � �� ��_?���]��{��##�����|{��£���]����{����[��
� � � � � ?��##����<���	�<��[#��
��� ��_����@�� � �� }�[���~
_�[����
���� �����\���������#�� �� �#���^_���[����<�#���[��[�����������<��� ��

#{�����\���]<�#�������|{���
����� ��������#� � �� �<�����~��@��$#]������##�]�@��]���{��|{��#{���@��

���[�[+��
������ ���_�[��@�� � ��� ������������#�\���?�[|���[�#<���[�@��_�[��
��=�� ������ � � ��� ���@�[����]��?����|{����
���� �_���?�����_����@�]���{#���[���<����]]�##����#�#<����?�����#]�{���\�?�[[����
���� �<��? ��]���#��?�� �#���_ �#��#] ���#��@ ���[#��� _@#� ��^_���[� \����� �]�����#<����?���\ �

?��##��� �]�_[�[�� ��?� [[���#]� {�� �\�#_ {{�|��� �@<�= ����@��� �� �#_�������� �#�#���]��
��#��#<������#��?��]��[_]��[���

����� ������{����[�`��##�����<��@�#�_[�#<����?��{��=�[�[�$�������������#����������������+�
��=� ��#����$������+�����{������<�]���##��������

�
�������� Interposing Relays (IPR)
��������� �

���]������� �@����]� ��� |{����} ��#� �� ���<���� �[_����[�#� @���{� _@������� |{��]� ���]����#��
#_���?��� \���]<�����~�}�� �������_����@� � � ���]�?����#¬�]���� �����@�������	¬���#����\� #��=���
{����[�]<��@���=���]����]�#�����[�\���������������	~�����������	��������<�����@�[��[����
�]��##�����|�]�{{���]������[�#��\���#����|{��#���_#�������[�]�����\��@�$���]�����]+�#<����?��
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