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INSTRUMENT STANDARD SPECIFICATIONS
(AS APPLICABLE)
GENERAL SPECIFICATIONS OF  INSTRUMENTATION

1.0 SCOPE
1.1 This specification together with the attachments cover the design of instruments and control system, complete with all accessories and materials along with special test equipment where the supply of such instruments of system is a part of a larger plant.

1.2 The detailed scope of work, specific job requirements, exclusions,   deviations, additions etc. if any, will be indicated in the materials requisitions, equipment or plant specifications and addendum to this specification.
1.3 Vendor shall be fully responsible for design, materials selection, sizing and selection of the proper instruments for their system.

1.4 All equipments supplied shall be of field proven quality both with respect to design and materials.  No prototype instrument or instrument of an experimental nature shall be offered or supplied.

1.5 Vendor shall prepare and submit a P&I Diagram for the system within the scope of his supply, showing all the instruments and interlock/trip operations.  Each instrument shall be given individual tag numbers from blocks of numbers allotted by the purchaser.  Symbols shall be as per ISA S5.1.

1.6 Vendor shall supply complete process data to the purchaser to specify those instruments not appearing in the vendor’s scope of supply but are an integral part for the control of this package.

1.7 Vendor shall clearly define the operational philosophy suggested by him, which should be in line with requirements specified in the job specification.  
2.0 DESIGN PHILOSOPHY 

2.1 Instrumentation shall be complete in every respect and liberal to the extent of providing data on all operation variables sufficient for the safe, efficient, easy operation, start up and shut down of the compressor.

2.2 The design and installation of instruments shall be generally in accordance with ISA/API recommended practices and other applicable standards like ISI, IBR etc.  Material specifications and practices shall, in general conform to appropriate ASTM or equivalent standards. All standards, code of practices shall be of the latest edition.

2.3 All instruments and equipments shall be suitable for use in hot, humid & tropical industrial climates in which corrosive gases and/or chemicals may be present.  As a minimum, all instruments and enclosures in field shall be dust proof, weather proof to NEMA 4 (IP65) and secure against the ingress of fumes, dampness, insects and vermin. All external surfaces shall be suitably treated to provide anti-corrosion protection against plant atmosphere.

2.4  All field mounting instruments and equipments shall be suitable for area classification mentioned in the bidding document as per IEC codes. All field instruments shall also be Weatherproof to NEMA-4 / IP 65 as per IS 2147 / IEC 529.  All junction boxes, cable glands and local panels etc. shall also be weatherproof to NEMA-4 / IP 65 as a minimum.  Junction boxes, cable glands and accessories shall be weather proof only when connected to intrinsically safe circuit and shall be weather proof and explosion proof / flame proof when connected to explosion proof instruments / circuits.

Certified intrinsically safe equipment shall be used in general in hazardous area.  In case where this is not possible explosion proof enclosures may be considered.

All intrinsically safer instruments shall be certified by the statutory bodies like CENELEC, BASEEFA, FM, PTB etc.

2.5 The instruments like control valves, pressure relief valves, thermo wells, orifice flanges, level instruments  etc., coming on pipes  and vessels under IBR shall be certified by IBR or equivalent statutory body.

2.6 Location of process connections shall be either from the side or from the top of the process equipment but not from the bottom.  This requirement is applicable to both pipes and vessels.  The location of lower side connection shall be high enough to prevent plugging due to dirt or other suspended solids.  In addition, the connections shall be short, vertical or horizontal and without any pockets.

2.7 Materials of construction of instruments shall be consistent with temperature, pressure, corrosion conditions and other process requirements. In case where suitable material procurement is not feasible, diaphragm seal shall be considered.

2.8 The design of control panel shall incorporate provision for expansion by installing spare capacity.  
2.9 Instrument power circuits shall be individually protected from fault with the help of fuses.  Power supply to the individual instrument shall be disconnectable with the help of switch and protected with the help of fuse.

2.10 Ranges for instruments shall be selected, in general, such that in normal process operation the indication on the indicator or chart is between 40% to 60% of span for linear and 60% to 80% of span for square root.

2.11 The complete instrument system shall be designed for safe operation, by using normally closed contacts which open on fault conditions.

2.12 Automatic trip circuits shall meet the following requirements. 

a) They shall not be taken from the same actuating device as measurement.

b) All trips shall have pre-warning alarm and an alarm to indicate the trip condition.

c) If desired, adequate trip by-pass facilities are to be provided with warning lights to indicate that the trip has been by passed.

d)   All the solenoids and relays shall be normally energized.

2.13 Adequate alarms shall be provided to give audible and visual warning of malfunction.  Vendor shall also provide alarm contacts for the operation of parallel alarms, common pre-alarm and shut down alarm by the purchaser wherever indicated. 

2.14 All LED shall be provided with test facility. 

2.15 Gauge glasses shall be provided for all level measurements requiring automatic or manual control or monitoring.  They shall have at least the same pressure & temperature rating as that of equipments on which they are to be installed.  They shall have ball check off-set valves. 

2.16 All process switches shall be provided with DPDT switches with contact   rating, as a minimum of 110V, 24V DC 5 A.

2.17 In general, block and bypass valves shall be installed with all control valves up to and including 2” size except for butterfly and 3 way valves, slurry and freezing services. 

2.18 Control valve sizing formula shall, in general be as per ISA-75.01.  Control valves shall be sized for the available pressure drop at normal flow and in addition shall permit up to 150% or normal flow or 110% of the maximum flow, whichever is higher.  Vendor shall submit the sizing calculations for all control valves. 

2.19 All pressure relieving devices shall be designed in accordance with ASME code for Boilers and pressure vessel, API RP-521 and Indian Boiler Regulations.
Percentage accumulations used in calculating sizes shall be as follows:


a)
Steam service (ASME code)          


3%


b)
Gas or vapor and liquids except as noted below
10%


c)
Liquids for thermal relief




25%


d)
Fire exposure on unfired vessels



20%

Vendor shall submit calculations for all safety relief valves.

2.20 Thermal relief valves shall be provided on the cold side of heat exchangers    where ‘blocking-In’ is possible.

2.21 Zener barriers shall be used for isolating signals between hazardous areas mounted intrinsically safe transducers and safer area mounted receivers.

2.22 All transmitters shall be provided with output meter/output gauge at the transmitter end.

2.23 The vendor shall ensure that the packing of instruments and associated equipment is adequate to prevent damage from such contingencies as rough handling, weather, condensation, dew, vermin and vibrations. 

2.24 All solenoid valves shall be universal type and continuous rated type.

2.25 Air supply of pressure specified elsewhere shall be made available to the vendor at the battery limit for distribution to the instruments.  The vendor shall specify the total estimated power consumption under normal and peak load condition along with the offer. 

2.26 Wherever applicable, instrument junction boxes shall be provided as interface marshalling areas between purchaser/vendor tubing and cabling with corresponding junction box termination number allocated against appropriate purchasers’ instrument tag number.  Drawing shall be furnished separately for wiring & tubing for showing all instrument interface details between purchaser/vendor.

2.27 Instrument power supply   shall be made available to the vendor at one point.  Vendor shall be responsible for the further distribution.  The   vendor shall specify the total estimated power consumption under normal and peak load condition along with the offer.

3.0 
APPLICABLE NATIONAL / INTERNATIONAL STANDARDS 


Design & terminology shall comply, as a minimum, with the latest edition of following codes and standard practices and publications 
AGA
American Gas Association, Gas Measurement Committee Report No. 3

ANSI

American National Standards Institute.

B. 2.1

Pipe Threads


B. 16.5
Steel pipe flanges and flanged fittings.

B 16.104
Control valve leakage classification

MC 96.1
Temperature measurements, thermocouple. 

API
          
American Petroleum Institute 

RP 520
Recommended practice for design and installation of pressure relieving system in refineries.




Part –I  
- Design




Part-II

- Installation

RP 521
Guide for pressure relief and depressurizing 

Systems 

RP 526
Flanged steel safety valves.

RP 527
Commercial seat tightness of safety relief



Valves with metal to metal seal.

RP 550
Manual on installation of Refinery Instruments



And control system







S 1101
Measurement of Petroleum liquid hydrocarbon



by positive Displacement meter.

S 2000
Venting Atmospheric and low pressure storage tank

S 2534
Measurement of liquid hydrocarbons by turbine



meter systems.

ASME

American Society of Mechanical Engineers.

-
Boiler And Pressure Vessel Codes.

ASTM

American Society For Testing And Materials.

BS

British Standards.

1042

Measurement Of Fluid Flow In Pipes.

DIN

Temperature VS Resistance Curves for RTDs.

43760

IBR

Indian Boiler Regulations.

IEC

International Electro-technical Commission.

IS-5

Indian Standards

-
Colors For Ready Mixed Paints.

ISA

Instrument Society of America.

-
Standards and Practices of Instrumentation.

NACE

National Association of Corrosion Engineers-

MR-01-75

NEC

National Electric code.

NEMA

National Electrical Manufacturer’s Association



ICS6- Enclosures for Industrial Controls and 

Systems.

NFPA

National Fire Protection Association
NFPA-496    -Purged and Pressurized enclosures

for Electrical Equipment.

4.0 GENERAL SPECIFICATIONS OF INSTRUMENTS 
4.1    INSTRUMENT CONCEPT
4.1.1  Major instrumentation shall be either pneumatic or electronic   type but final control elements shall be pneumatic.
4.1.2  Electronic instruments shall generally operate   on 110V, 50Hz/or 24V DC and shall have transmission and output signal generally of 4 to 20 MA DC.  Transmitters shall be two wires and shall be capable of delivering rated   current into external load of at least 600 ohms when powered with 24v DC. 

All receivers shall be suitable for voltage input of 1 to 5 V or 0.25 to 1.25 V DC or 4 – 20 mA.

All electronic instruments shall be immune to Radio frequency interference and Electro magnetic interference.

4.2 PANEL BOARD INSTRUMENTS
4.2.1 These shall generally be multibin subminiature 6”x3”, except recorders, which shall preferably be 6”x6”. Potentiometric recorders, temperature scanners etc. shall be large case type.

4.2.2  Units of measurement.

 Flow

Liquid


: m3/h

           Steam


: kg/h or tonnes/h

Gas & vapours
: Nm3/h

 Pressure
Gauge

: Kg/cm2g

Vacuum

: mm of H2O Abs, Kg/cm2Abs

Temperature


: (C

Level




:   %

Analysis



:   %,
ppm
4.2.3  Graduations

Flow with DP Cells


: 0 to 10 square root

Rotameters



: 1   to 10 linear

Pressure



: Direct Reading

Level




: 0 to 100 Linear

Temperature



: Direct Reading

Multiplying factors for flow scales shall be specified on manufacturer’s name plate 

4.2.4 All controllers shall have facility for bumpless auto-manual and manual/auto transfer and set point adjustment.  Flow, level and pressure controllers shall be provided with proportional plus integral action while   temperature controller with proportional plus integral plus derivative action.

4.2.5 Annunciators, in general, shall be solid state type with plug in module and LED display, in a cabinet with back lighted engraved windows and integral power supply.

Field mounted annunciator circuit shall be intrinsically safe with power supply unit in a safe area.

Annunciator alarm sequence shall be as per ISA standard.
4.3 CONTROL PANEL 
4.3.1 Control panels shall be freestanding type and fabricated preferably from 4mm thick cold rolled steel sheet.  If the same is not available, 5mm thick hot rolled steel sheet shall be used.  Angle iron framework shall use a minimum section of 50 x 50 x 6 mm angle.  The finish shall include shot blasting, grinding, chemical cleaning, surface finishing by suitable filler and two coats of high grade lacquer with wet sanding between coats, two coats of paint in panel colour shall be given for non glossy high stain finish.  Panel face final colour can be any of the following to IS 5.
	Opaline green

	IS275

	Light Admiralty gray

	IS697

	Sky-blue


	IS101



Panel rear surface, framework and bulkhead plates shall have a finish of pale cream IS 353 or Beige IS 388.  A final coat of paint shall be given at site.
4.3.2 Control panel shall be open back with each section of 2100mm high, 1000mm wide and 800mm deep, if mounted inside the control room covering from wall to wall but shall be totally enclosed cubical type with 2100mm high. The panel width to be increased if necessary.
4.3.3 Enclosed cubical panels shall have removable hinged doors, generally at the side or back for easy maintenance and accessibility of the instruments.  Doors shall be double leaved type with handle and shall be provided with lock and key.  Adequate illumination shall be provided inside the panel.  All light fittings shall be suitable for 230v, 50Hz A.C.
4.3.4 The local panel construction shall be suitable for the site condition and shall meet IEC requirements in accordance with electrical area classification.  Pressurization or purging shall be as per NFPA 496 or equivalent. 

4.3.5 No process fluid, except air shall be piped to the control panel.
4.4 PANEL PIPING AND TUBING 
4.4.1 The instrument air header shall be of 1” size with 1/2” branches, with SS 316 isolation valves and shall be complete with suitable dual filter-cum-air   reducing station.  
4.4.2 Panel tubing from the bulk head to the panel instruments and instrument air supply to the panel instruments shall be of 6x1mm polyethylene tubing. 
4.4.3 The tubing shall be laid in plastic slotted ducts.  Panel air header and tube fitting shall be of SS 316, suitably protected against corrosion.
4.4.4 Shut off valves shall be installed in any branch line taking off the transmission and output signal.  Each tube shall be identified at both the terminating ends.

4.5      PANEL WIRING 


4.5.1 Open terminals shall generally be avoided.  Terminal strips shall be of ‘Elmax’ or equivalent type and shall be on the side of the panel.
4.5.2 1.5 sq. mm multi stranded PVC insulated copper conductor shall be used in general.  These shall be laid in PVC troughs as far as possible.

4.5.3 Wire carrying measurement signals associated with thermocouples, resistance thermometers, pH instruments and other low level signals shall be routed in separate wire ways and not along with power cables.

4.5.4 All signal cable wires shall be routed in separate wire ways from non-intrinsically safe and power wiring.

4.5.5 Terminals of Intrinsically safe signals shall be separated from non-intrinsically safe terminals at least by 50 mm.

4.6      LOCAL GAUGE BOARD
4.6.1 Local gauge boards, where required, shall be constructed such that easy access is available at the rear for all instruments and accessories for maintenance.

4.6.2 All pressure gauges shall be provided with block and bleed valves securely fastened with identification tags.

4.7  INSTRUMENT CONNECTION 
4.7.1 The connection of Instruments installed on vessels, standpipes tanks and piping shall as per ISA standard.

4.7.2 Pneumatic connection for signal and air supply shall be ¼” or ½” NPTF.

4.7.3 Electrical connection shall be ½” or ¾” NPTF.

4.7.4 Threaded end connection shall be to NPT as per ANSI B 2.1.

4.7.5 Flanged end connections shall be as per ANSI B 16.5.

4.8 TEMPERATURE INSTRUMENTS 
4.8.1 All temperature elements shall be provided with Thermo-wells fabricated out of bar stock of minimum SS 304   material as per ISA Standard.
 Immersion length of thermo-wells shall be as    follows:
Line size


   Immersion length

 From 4” to 6”


           280 mm

 From 8” onwards


320 mm

Vessels



400 mm

4.8.2 Any pipe line less than 4” nominal bore shall be blown to 4” size to install thermo-well.

4.8.3 Local temperature gauges shall be generally Bi-metallic type in steel filled type, weatherproof, hermetically sealed with 150 mm dial size.  Filled type with capillary extension shall be used for local gauges, where vibration is a problem.  Capillary tubing shall be minimum of SS 304 with stainless    steel flexible   armoring.  The gauge shall have accuracy of 1% FSD.

4.8.4 For remote temperature indication/recording/control etc., thermo-couples or RTD shall be used depending on the requirement.

4.8.5 Thermo couples shall be as per ANSI MC 96.1 and shall be of 14 AWG magnesium oxide insulated grounded type.  These shall be selected as follows:
4.8.6 All Thermo Couples shall be of dual element type and shall have two separate conduit entries -

Copper-constantan (ISA-TYPE T) for ranges
: 200 to +200(C.

Copper-constantan (ISA-TYPE E) for ranges 
:200 to +600(C

Chromel-Alumel (ISA-TYPE K) for ranges
: 600 to 1200(C.

RTD shall be platinum element with 100 ohms resistance at 0(C. calibrated as per DIN 43760.  RTD shall be three wire type. All RTDs’ shall be of twin element sensor type and shall have two separate conduit entries.

4.8.7 Panel mounted electronic temperature indicators/scanners shall be digital type and recorders shall be potentio-metric null-balance type.  Burn out or RTD open protection shall be considered for local temperature control.

4.9  PRESSURE INSTRUMENTS 
4.9.1 Pressure gauges shall have an accuracy of 1%of FSD.  These shall be weather proof with dial size of 150mm and shall have features like screwed bezels, externally adjustable zero, over range protection and blow out discs. Pressure gauge sensing element shall be minimum of SS 316 and movement of SS 304.
4.9.2 Pressure transmitters with local indicator shall be electronic balance/capacitance/strain gauge type with minimum of SS 316 element material with a over range protection of minimum 130% of range.

4.9.3 Direct mounted pressure switch shall have element either diaphragm or bellow of minimum of SS 316 material with ½” NPT F connection.

4.9.4 Receiver pressure switches shall have bellows as measuring element with ¼” NPTF connection.

4.10  FLOW INSTRUMENTS 
4.10.1 Flow measurement shall normally be done with thin plate square edge concentric orifice plate mounted between a pair of weld neck flanges of minimum 300 pounds ANSI rating with flange taps.  The material of the orifice plates shall be normally SS 316.
4.10.2 Metering orifices shall not be installed in lines less than 40 mm nominal diameter.

4.10.3 Meter runs shall be for a maximum d/D ratio of 0.75.  For larger size pipes actual d/D ratio shall govern the straight run.  The recommended practice shall be as per API RP 550 and AGA Report No. 3.

4.10.4 Flow nozzles, venturies, rotameters, target meters, vortex meters, magnetic flow meters, ultrasonic flow meter etc, may be used wherever required.  

4.10.5 DP type flow transmitter shall normally be electronic balance / capacitance / strain gauge type with receiver gauge or indicator for output indication.

4.11 CONTROL VALVES     
4.11.1 Control valves   shall normally be Globe type.  Other types like butterfly ball   valves, angle valves, 3 way valves etc., shall be selected as per service.


4.11.2 Minimum body and flange rating of control valves shall be as per piping class.

4.11.3 Body material, as a minimum, shall be as per piping specifications.

4.11.4 Minimum control valve body size shall be 1”.  Reduced trims can also be considered.  Body size shall be limited to the following 1”, 11/2”, 2”, 3”, 4”, 6”, 8”, 10” and 12”.

4.11.5 Material used for trim shall be minimum 316 SS.  For higher pressure drops, flashing, erosive and slurry services and, in general, all steam services, trim shall be stellited. 

4.11.6 Valve seat leakage shall be as per ANSI B 16.104.

4.11.7 Leakage of shut down valves shall be Class V, as a minimum.

4.11.8 Valve positioners wherever used shall be side mounted force balance pneumatic type.  For electronic instrumentation, I/P converter shall be used along with pneumatic positioners.

4.11.9 Self actuating regulators for flow, pressure and temperature shall be used where loads are constants and requirement of precision and accurate controls are not stringent.

4.12 PRESSURE RELIEF VALVES AND RUPTURE DISCS 
4.12.1 Pressure relief valves shall be full nozzle full lift type except for thermal relief valves.

4.12.2 Conventional valves shall be specified for constant back pressure while bellow seal type valves shall specified for variable back pressure more than 10% set pressure.
4.12.3 Lifting lever shall be specified for steam and air services.  Open bonnet shall be used for steam services.
4.12.4 1/4” x 1” with 0.38 cm2 orifice modified nozzle type valves shall be specified for thermal relief.

4.12.5 The body material shall minimum be as per piping specification.

4.12.6 Nozzle and disc shall generally be of SS 316, spring shall be carbon steel cadmium plated for -30(C to 250(C.  Tungsten alloy steel springs shall be used above 250(C.

4.12.7 Flange connection shall be standard on sizes 1” or larger.  Minimum flange rating shall be 150 pounds ANSI.

4.12.8 Rupture disc shall be narrow face capsule type to fit inside the inner diameter of the bolt circle of standard flanges. Disc Material shall be compatible with the vessel contents consistent with the bursting requirements. Inconel discs shall be used above 100(C where possible. 

4.13 ZENER BARRIERS
4.13.1 Barrier input/output voltage and current shall be   24v DC, 4-20 mA DC respectively with maximum fault voltage of 250v rms on safe area side.  Barrier end-to-end resistance shall be less than 250 ohms and accuracy better than ( 0.1%.
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