5.7
Instrument Specifications
5.7.1
Local Indicators
5.7.1.1
Pressure Gauges

Pressure gauges for general service shall be 4-1/2 inch diameter, Bourdon tube type.  Gauges shall have an accuracy of 0.5 percent of span.  The element and socket shall be bronze.  The case shall be Phenol with screwed ring.  The lens shall be glass.  The movement shall be stainless steel.  The gauges shall be provided with a 1/4 inch NPT bottom connection.  Pressure gauges shall be "Aschroft 1279AS-02L".  Ranges shall be as indicated on the P&ID's.  All gauges shall be provided with 1/4 inch brass pulsation dampeners "Aschroft 1106B".


Pressure gauges for use in low pressure non-corrosive gas systems (i.e. air ducts, booths, etc.) shall be 4-1/2 inch diameter, magnetic linkage diaphragm type.  The gauges shall have accuracy of two percent full scale.  The housing shall be irridited cast aluminum.  The lens shall be plastic.  The diaphragm shall be silicon rubber.  Connections shall be 1/8 inch NPT. Gauges shall be "Dwyer Series 2000 Magnehelic".  Ranges shall be as indicated on the P&ID's.


Gauges used in corrosive service shall include diaphragm seals.  When used in steel piping systems, the gauge seals shall have a Monel diaphragm and stainless steel components.  When used in plastic piping systems, the gauge seals shall have a Viton diaphragm and PVC components.  The fill fluid shall be a mixture of 50/50 ethylene glycol and water.  The gauge connection shall be 1/4 inch NPT.  Steel piping gauge seals shall be "Ashcroft 50-100-PM-02T-SE-YT-XSE".  Plastic piping gauge seals shall be "Plastomatic GGMVI-PV".


Gauges used in slurry service shall include in-line circumferential pressure sensors.  Pressure sensors shall have Buna-N seals and carbon steel bodies.  The fill fluid shall be a mixture of 50/50 ethylene glycol and water.  The gauge connection shall be 1/4 inch NPT.  The sensor size and type of connection shall be selected in accordance with the line class specifications under Section 3.1.15 of these specifications.  The sensors shall be "Red Valve".


Pressure gauges for use in steam systems shall include 1/4 inch NPT coil pipe siphons.  Siphons shall be ASTM A-106 seamless steel.  Siphons shall be "Ashcroft 1/4-1098S".

5.7.1.2
Thermometers

Thermometers for use in piping systems shall be 5 inch diameter, adjustable angle, bi-metal type.  The scale shall have an aluminum white background with black lines and numerals.  Accuracy shall be ±1 scale division.  The case shall be stainless steel with glass lens.  The bulb shall be stainless steel with a 1/2 inch NPT connection.  The bulb length shall be as indicated in the contract drawings.  Thermometers shall be "Weksler AF".  Ranges shall be as indicated on the P&ID's.  Thermowells shall be as described under Section 5.7.2.4.4.


Thermometers for use in low pressure non-corrosive gas systems (i.e. air ducts, booths, etc.) shall be 4-1/2 inch diameter, gas actuated remote dial type.  Accuracy shall be ±1 scale division.  The fill media shall comply with SAMA Class 3B.  The scale shall have an aluminum white background with black lines and numerals.  The case shall be phenol with a glass lens.  The bulb shall be 12 inch 304 or 316 stainless steel.  The bulb connection shall be one inch NEF sliding union.  An aluminum lagging extension flange shall be provided with the thermometer for attachment to the duct wall.  The armored capillary shall be stainless steel of length indicated on the contract drawings.  Thermometers shall be "Weksler 413BNPL".  The flange shall be "Weksler Type A13".  Ranges shall be as indicated on the P&ID's.

5.7.1.3
Flow Indicators

Flow indicators shall be the variable area (rotameters) type.  The tube shall be borosilicate glass.  The frame shall be stainless steel.  The O-rings shall be Viton.  Accuracy shall be two percent of full scale.  Tube sizes and type of connection shall be as indicated in the contract drawings.  Float materials and tube calibrations shall be selected to provide the ranges indicated on the P&ID's.  Flow indicators shall be "Wallace & Tiernan".

5.7.1.4
Level Indicators

Level indicators mounted to process storage tanks shall be the indirect reading type with magnetically actuated indicators.  Indicator housings shall be constructed of materials compatible with the material being stored within the tank, and capable of withstanding the operating pressure and temperature of the tank.  Level indicator connections shall be raised-faced flanges of sizes as indicated on the contract drawings and shall conform to the flange rating of the pipe classification in which they are installed (see Section 3.1.15).  Connection locations and overall gauge length shall be as specified on the contract drawings.  Level gauges shall have the capability of mounting external switching modules and/or analog level sensing devices as required, and be heat traced if called for on the contract drawings.  Level indicators shall be "Imo Delaval Gems Sensors 'Sure Site' indicators".

5.7.2
Transmitters and Transducers
5.7.2.1
Flow Transmitters
5.7.2.1.1
Pitot Tube


Pitot tube sensors for general service shall be the diamond-shaped interpolating type.  Their accuracy shall be one percent of actual rate.  The sensors shall have stainless steel tubes and mounting hardware.  The sensors shall include a stainless steel ball valve assembly to permit removal under line pressure.  Instrument connections shall be 1/8 inch female NPT by means of "stainless steel gate valves".  Packing glands shall be stainless steel with graphite rings.  The sensor size and type shall be as indicated on the contract drawings.  Pitot tube sensors shall be "Dietrich Standard Annubar Model DMT".  Ranges shall be as indicated on the P&ID's.


Pitot tube sensors for steam service shall be the diamond-shaped interpolating type.  Their accuracy shall be two percent of actual rate.  The sensors shall have stainless steel tube and carbon steel mounting hardware.  The sensors shall include a forged steel gate valve assembly to permit removal under line pressure.  Instrument connections shall be 1/2 inch male NPT by means of gate valves and cross-reservoirs with plugs.  Packing glands shall be graphite.  The sensor size shall be as indicated on the contract drawings.  Pitot tube sensors shall be "Dietrich Standard Annubar Model DMT".  Ranges shall be as indicated on the P&ID's.


Pitot tube sensors for use in low-pressure air systems (i.e. ducts) shall be the diamond-shaped interpolating type.  Their accuracy shall be 2 percent of actual rate.  The sensors shall have aluminum tubes and mounting hardware.  Instrument connections shall be 1/4 inch compression fittings.  Sensor size shall be as indicated on the contract drawings.  Pitot tube sensors shall be "Dietrich Standard Annubar AIR79".  Ranges shall be as indicated on the P&ID's.


Differential pressure transmitters for use in conjunction with Pitot tube sensors shall be as specified under Section 5.7.2.2.  Differential pressure switches for use in conjunction with Pitot tube sensors shall be as specified under Section 5.7.3.3.

5.7.2.1.2
Orifice Plates


Orifice plates shall be square edge concentric plates.  The plates shall be 316 Stainless Steel.  Orifice plates shall be provided with raised face flanges with accurately positioned 1/2 inch NPT pressure taps.  Flange sizes shall be as indicated on the contract drawings.  Flange materials shall be selected in accordance with line class specifications under Section 3.1.15 of these specifications.  Sizing shall be based on a differential of 100 inches of water across the flange taps.  When such a differential is not possible, sizing shall be based on differentials of 20, 50, or 200 inches of water across the flange taps.  Beta Ratios shall not exceed 0.7 and shall not be less than 0.25.  Ranges shall be as indicated on the P&ID's.


Differential pressure transmitters for use in conjunction with orifice plates shall be as specified under Section 5.7.2.2.

5.7.2.1.3
Turbine Flow Meter


Turbine flow meters shall operate using magnetic principles to detect the rotation of the turbine blades.  The flow meter shall be equipped with a pre-amplifier and associated electronics, capable of delivering either a zero to ten VDC pulse output or a 4 to 20 milliampere signal as required by the application for which it is installed when powered by a nominal 24 VDC supply.  The pre-amplifier may be integrally mounted on the flow meter or remotely mounted if required by the installation.  The pre-amplifier and associated electronics shall be capable of transmitting the output signal a minimum of 1000 feet.  The meter accuracy and linearity shall be at least 0.5 percent of rate for liquids.  The pre-amplifier and associated electronics shall be housed in either a NEMA 4 or NEMA 4X enclosure as required by the area classification where it is installed.


The meter body shall be constructed of 316 stainless steel or other corrosion resistant material if required by the process fluids.  The rotor and bearings shall be selected for maximum longevity considering the process fluids being measured.  The meter size shall be as shown on the contract drawings.  The meter end connections shall be in accordance with line class specifications under Section 3.1.15 of this specification.  Meter ranges shall be as shown on the project P&ID drawings.


Turbine flow meters shall be "Flow Technology FT Series".

5.7.2.1.4
Positive Displacement


Positive displacement meters two inches and larger shall be the double case, straight through, rotary vane type.  The meter body shall be carbon steel.  The meter wetted parts shall be iron, carbon steel, stainless steel, and aluminum.  The meter inlet and outlet nozzles shall be offset to minimize pressure drop.  Meter linearity shall be 0.15 percent between 20 percent and 100 percent of continuous rated capacity.  Meter connections shall be raised face flanges.  Meter sizes and accessories shall be as specified on the contract drawings.  Positive displacement meters shall be "Smith Meter Steel Rotary Vane Models".  Ranges shall be as indicated on the P&ID's.


Positive displacement meters 1-1/2 inches and smaller shall be the straight-through, nutating disc type.  The meter body and disc shall be bronze.  The meter accuracy shall be two percent of rate.  Meter connections shall be NPT.  Meter sizes and accessories shall be as specified on the contract drawings.  Nutating disc meters shall be "Badger Meter".  Ranges shall be as indicated on the P&ID's.

5.7.2.1.5
Vortex Shedding Flow Meter


Vortex shedding flow meters shall be bluff-body type which operate piezoelectric pressure sensors.  The flow meter shall be equipped with a pre-amplifier and associated electronics capable of delivering either a DC pulse output or a 4 to 20 milliampere signal as required by the application for which it is installed when powered by a nominal 24 VDC supply.  The pre-amplifier may be integrally mounted on the flow meter or remotely mounted if required by the installation.  The meter accuracy and linearity shall be at least one percent of rate for liquids.  The pre-amplifier and associated electronics shall be housed in either a NEMA 4 or NEMA 4X enclosure as required by the area classification where it is installed.  The signal conditioner shall be capable of mounting either a zero to 100 percent output meter or a digital flow totalizer if required.


The vortex shedding flow meter body shall be constructed of 316 stainless steel.  The vortex shedder shall be constructed of a material compatible with the process fluid being measured.  The flow meter's size and process connections shall be as described on the contract drawings.  The flow meter's range shall be as indicated on the project P&ID drawings.


Vortex shedding flow meters shall be "Johnson-Yokogawa Yewflow Model YF100" series meters.

5.7.2.1.6
Magnetic Flow Meters


Magnetic flow meters shall be the bi-polar pulsed DC type.  The meters shall be capable of measuring velocities in the range of one to 33 feet per second in fluids with conductivities greater than or equal to five micromhos per centimeter.  The meter accuracy shall be one percent of rate.  The magnetic flow meters shall have built-in grounding electrodes.  The electrode material shall be 316 stainless steel.  The measuring tube shall be 304 stainless steel.  The liner material shall be TFE.  Meter sizes shall be as indicated on the contract drawings.  End connections shall be selected in accordance with line class specifications under Section 3.1.15 of these specifications.  Magnetic flow meters shall be "Endress + Hauser FTI 1943".  Ranges shall be as indicated on the P&ID's.


Magnetic flow meters shall include microprocessor-based transmitters.  Transmitters shall have a 4 to 20 mA analog output and shall include a four and one half digit liquid crystal display.  Transmitter power shall be 120 VAC.  Transmitters shall be contained in a NEMA 4 enclosure.  Whenever indicated on the contract drawings, transmitters shall be remotely mounted.  The Contractor shall provide the necessary conduit, cable, and fittings to provide for remote installation of the transmitter.  Transmitters shall be "Endress + Hauser Variomag".

5.7.2.1.7
Mass Flow Meters


Mass flow meters shall be the obstructionless tube coriolis force type.  Mass flow meter accuracy shall be 0.4 percent of rate.  Sensor tube shall be 316L stainless steel.  Sensor electronics shall be enclosed in a NEMA 4 enclosure.  Mass flow meters shall include remote electronic transmitters.  Transmitters shall have analog outputs of 4 to 20 mA.  Transmitter power shall be 120 VAC.  Transmitters shall be contained in NEMA 4 enclosures.  Mass flow meters shall include ten feet of cable for interconnection between sensor and remote electronics. Whenever the contract drawings indicate mounting of remote electronics requiring more than ten feet of cable, the Contractor shall provide additional cable and junction boxes with terminals as required to provide a complete working installation.  Meter sizes shall be as indicated on the contract drawings.  End connections shall be raised face flanges.  Mass flow meters shall be "Micro-Motion Model D".  Ranges shall be as indicated on the P&ID's.

5.7.2.1.8
Variable Area Flow Transmitter


Variable area flow transmitters shall be metal tube magnetic float type.  The flow transmitter accuracy shall be one percent of span.  The tube material shall be 316 stainless steel.  The float material shall be 316 stainless steel or hastelloy C as required to meet the range indicated on the P&ID's.  Variable area flow transmitters shall include a zero to 100 percent analog output meter.  Transmitter electronics and the output meter shall be enclosed in a NEMA 4 enclosure.  Transmitters shall have two wire, 4 to 20 mA analog outputs when powered from a nominal 24 VDC supply.  Tube sizes shall be as indicated on the contract drawings.  End connections shall be raised face flanges.  Variable area flow transmitters shall be "Wallace and Tiernan Metal-Tube".

5.7.2.2
Pressure Transmitters
5.7.2.2.1
Electronic


Electronic pressure transmitters shall be of the capacitance sensing type.  Transmitters shall have integral temperature compensation sensors built into the sensing module.  Transmitter output shall be the two wire type delivering a 4 to 20 milliampere output signal when powered from a nominal 24 VDC supply.  Transmitter electronics modules shall be microprocessor based and be capable of either local or remote span and zero adjustments.  The microprocessor based system shall be capable of linearizing the input signal to the transmitter, re-ranging the input, damping the input, suppressing or elevating the "zero" of the transmitter, converting engineering units, performing diagnostic tests, and communications.  The electronics module shall be equipped with an EEPROM with sufficient non-volatile memory to store the transmitter configuration and to allow immediate operation upon power-up of the transmitter.  The transmitter shall be capable of communication with remote devices over the signal loop using the Highway Addressable Remote Transducer (HART) communication protocol.  Transmitter communication devices shall have on-line and off-line programming capabilities.  The transmitter shall be supplied with LCD meter.  


The transmitter body and wetted parts shall be 316 stainless steel.  Transmitter fill fluid shall be inert.  The transmitter shall be equipped with coplanar flange process connections with vent/drain valves as well as the optional "football" type mounting adapters.  Process connections shall be 1/2-14 NPT.  Transmitter assembly fasteners shall be 316 stainless steel.  The transmitter electronics housing shall be a low-copper aluminum rated for Class I, Division 1 and NEMA 4X with 1/2 inch NPT conduit connections.


Type of sensing (absolute, gauge, or differential) shall be shown on the contract drawings.  Transmitter ranges shall be as shown on the project P&ID drawings.  Gauge valves and manifolds for use with pressure transmitters are described in Section 5.7.2.2.3.  Electronic pressure transmitters shall be "Rosemount Model 3051C; transmitter communications devices shall be "Rosemount Model 275 Hand Held Interface".

5.7.2.2.2
Pneumatic


Pneumatic pressure transmitters for process service shall use encapsulated sensor modules which are field replaceable in case of capsule failure or because of a change of pressure sensing range.  The pneumatic pressure transmitter output shall be three to 15 psig when connected to a 20 psig pneumatic supply.  When indicated on the contract drawings, the transmitter shall be equipped for zero suppression or elevation of up to 100 percent of the calibrated span.  When required by process fluid, wetted gaskets shall be either Viton or PTFE as required.  Pneumatic pressure transmitters shall have an accuracy of at least 1/2 percent.  The transmitter body and wetted components shall be housed in a NEMA 3 housing.  Pneumatic supply and output connections shall be 1/4 inch NPT female connections.  Process connection(s) shall be 1/2 inch NPT female.  Type of sensing (absolute, gauge, or differential) shall be indicated on the contract drawings.  Ranges shall be as indicated on the project P&ID drawings.  Gauge valves and manifolds for use with pneumatic transmitters are described in Section 5.7.2.2.3.  Pneumatic pressure transmitters shall be "Foxboro Model 11GM or 11GH"; pneumatic differential pressure transmitters shall be "Foxboro Model 13A".


Pneumatic pressure transmitters for draft service (ranges less than five inches of water pressure) shall be the "Hayes" diaphragm type.  The transmitter output shall be three to 15 psig, when connected to a 20 psig pneumatic supply.  When indicated on the contract drawings, the transmitter shall be equipped for zero suppression or elevation of up to 100 percent of the calibrated span.  The transmitter accuracy shall be at least 1/2 percent.  Transmitters shall include 1/8 inch isolating valves on the process connections.  Transmitter ranges shall be as shown on the project P&ID drawings.  Pneumatic pressure transmitters for draft service shall be "Moore Products Co. Model GC-17".

5.7.2.2.3
Transmitter Valve Manifolds


Absolute and gauge pressure transmitters or switches shall be connected to process lines using "Anderson-Greenwood Model M5VS-44" gauge valves, equipped with "Anderson-Greenwood Model H1VS-44Q" bleed/calibration valves.  All unused ports on the gauge valve shall be plugged with 1/2 inch NPT hexagon head pipe plugs.


Differential pressure transmitters or switches shall be connected to process piping systems using 1/2 inch globe or ball valves as the primary block valves at the process connections.  Differential pressure transmitters/switches shall be connected to these block valves with 1/2 inch OD stainless steel tubing.  The tubing shall be connected to a three-valve manifold, "Anderson-Greenwood Model M4AVS".  Differential pressure transmitters/switches shall not be installed "close coupled" directly to the process connection block valves.

5.7.2.3
Level Transmitters
5.7.2.3.1
Head Sensing Flange Mounted


Electronic head sensing level transmitters shall be the capacitance sensing type.  Transmitters shall have integral temperature compensation sensors built into the sensing module.  Transmitter output shall be the two wire type delivering a 4 to 20 milliampere output signal when powered from a nominal 24 VDC supply.  Transmitter electronics modules shall be microprocessor based and shall be capable of either local or remote span and zero adjustments.  The microprocessor based system shall be capable of linearizing the input signal to the transmitter, re-ranging the input, damping the input, suppressing or elevating the "zero" of the transmitter, converting engineering units, performing diagnostic tests, and communications.  The electronics module shall be equipped with an EEPROM with sufficient non-volatile memory to store the transmitter configuration and to allow immediate operation upon power-up of the transmitter.  The transmitter shall be capable of communication with remote devices over the signal loop using the Highway Addressable Remote Transducer (HART) communication protocol.  Transmitter communication devices shall have on-line and off-line programming capabilities.  The transmitter shall be supplied with a LCD meter.


The transmitter body and wetted parts shall be 316 stainless steel.  The transmitter fill fluid shall be inert.  Transmitter assembly fasteners shall be 316 stainless steel.  The transmitter electronics housing shall be a low-copper aluminum rated for Class I, Division 1 and NEMA 4X housing with 1/2 inch NPT conduit connections.


Transmitter ranges shall be as shown on the project P&ID drawings.  Electronic head sensing level transmitters shall be "Rosemount Model 3051C"; transmitter communications devices shall be "Rosemount Model 275 Hand Held Interface."

5.7.2.3.1.4
Pneumatic head sensing level transmitters shall use encapsulated sensor modules which are field-replaceable in case of capsule failure or because of a change of pressure sensing range.  The transmitter output shall be three to 15 psig when connected to a 20 psig pneumatic supply.  When indicated on the contract drawings, the transmitter shall be equipped for zero suppression or elevation of up to 100 percent of the calibrated span.  The transmitter body and wetted components shall be 316 stainless steel; transmitter body assembly fasteners shall be 316 stainless steel.  Pneumatic components shall be housed in a NEMA 3 housing.  Pneumatic supply and output connections shall be 1/4 inch NPT female connections.  The mounting flange size and extension shall be as indicated on the contract drawings.  Ranges shall be as indicated on the project P&ID drawings.  Pneumatic head sensing level transmitters shall be "Foxboro Model 13F or 13FE".

5.7.2.3.2
Ultrasonic


Ultrasonic level transmitters shall be the non-contact, echo return time type.  The transmitters shall be specifically designed for sound transmission in air.  The beam angle shall not exceed 11 degrees.  The transmitters shall be capable of measurement spans up to 100 feet.  The accuracy shall be 1.0 percent of span.  Ultrasonic level transmitters shall consist of sensor and remote mounted electronics.  The sensor body shall be PVC.  The sensor connection shall be one inch male NPT.  Sensors shall include vibration isolators.  The remote mounted electronics shall consist of a microprocessor based signal conditioner with a 4 to 20 mA output and a six digit vacuum fluorescent display.  Transmitter power shall be 120 VAC.   Remote mounted electronics shall be contained in a NEMA 4 enclosure.  Transmitters shall include six feet of cable for interconnection between sensor and remote mounted electronics.  Whenever the contract drawings indicate mounting of remote electronics requiring more than six feet of cable, the Contractor shall provide additional cable and junction boxes with terminals as required to provide a complete working installation.  Ultrasonic level transmitters shall be "Kistler-Morse Sonologic".  Ultrasonic level sensors shall be "Kistler-Morse Sonologic".  Ranges shall be as specified on the P&ID's.

5.7.2.3.3
External Electronic


Storage tanks equipped with indirect reading magnetic level indicators shall be equipped with level transmitters mounted externally on the level gauge housing when called for on the contract drawings.  The transmitter shall be capable of delivering a 4 to 20 mA signal when powered by a nominal 24 VDC supply.  The level transmitter shall have externally adjustable zero and span.  Externally mounted electronic level transmitters shall be "Imo Delaval Gems Sensors Model 85875-XX (XX = inches of length)".

5.7.2.3.4
Dielectric Probe


Dielectric probe level transmitters shall be installed on storage tanks or sumps when called for on the contract drawings.  Dielectric probe level transmitters shall consist of two components:  the probe head mounted transducer unit and the transmitter electronics housing which shall be mounted separately.  The probe head mounted transducer unit shall be installed on a flanged connection on the storage tank, while the electronics housing shall be installed in a more protected area up to 1000 feet away.  The two units shall be capable of being connected using ordinary 12 to 20 gauge hook-up wire.  The transmitter shall deliver an isolated 4 to 20 ma signal.  The transmitter shall be powered from a 120 VAC supply.  The probe insertion length shall be as shown on the contract drawings.  Probes used with dielectric probe level transmitters shall be rigid, sheated probes insulated with PVC, Teflon, or ceramics if required to withstand the process fluid.  Dielectric probe level transmitters shall be "Delta Controls Corp. Model 162"; probes shall be "Delta Controls Corp. Series 20."

5.7.2.4
Temperature Transmitters/Sensors
5.7.2.4.1
Electronic


The electronic process temperature transmitter shall be capable of accepting and processing signals from RTD's, thermocouples, ohm, or millivolt inputs from field sensors.  The transmitter output shall be the two wire type delivering a 4 to 20 milliampere output signal when powered from a nominal 24 VDC supply.  The transmitter electronics module shall be microprocessor based and shall be capable of either local or remote span and zero adjustments.  The microprocessor based system shall be capable of linearizing the input signal to the transmitter, re-ranging the input, damping the input, suppressing or elevating the "zero" of the transmitter, converting engineering units, performing diagnostic tests, and communications.  The electronics module shall be equipped with an EEPROM with sufficient non-volatile memory to store the transmitter configuration and to allow immediate operation upon power-up of the transmitter.  The transmitter shall be supplied with a LCD meter.  The transmitter shall be capable of communication with remote devices over the signal loop using the Highway Addressable Remote Transducer (HART) communication protocol.  The transmitter communication devices shall have on-line and off-line programming capabilities.  Transmitter electronics housings shall be a low-copper aluminum rated for Class I, Division 1 and NEMA 4X classification with 1/2 inch NPT conduit and shall be "Rosemount Model 3144."  Transmitter communications devices shall be "Rosemount Model 275 Hand Held Interface."

5.7.2.4.2
Pneumatic


The pneumatic process temperature transmitter shall be the force balance diaphragm type with filled thermal sensors.  The transmitter output shall be three to 15 psig when connected to a 20 psig pneumatic supply.  When indicated on the contract drawings, the transmitter shall be equipped for zero suppression or elevation of up to 100 percent of the calibrated span.  Pneumatic pressure transmitters shall have an accuracy of at least 1/2 percent.  The transmitter body shall be low copper aluminum alloy.  Pneumatic components shall be housed in a NEMA 3 housing.  Pneumatic supply and output connections shall be 1/4 inch NPT female connections.  Ranges shall be as indicated on the project P&ID drawings.  Pneumatic temperature transmitters shall be "Foxboro Model 12A."

5.7.2.4.3
Sensors


Sensors used with electronic transmitters for temperature ranges between -150 and 1200°F shall be four wire platinum RTD's with 100 ohms ice point resistance and .00385 ohms/ohm/SYMBOL 176 \f "Symbol"C temperature coefficient of resistance.  Sensors shall be encased in a 0.25 inch diameter 316 stainless steel sheath.  Sensors not installed close-coupled to the transmitter shall be provided with standard sized cast aluminum connection heads and spring-loaded fittings.  Sensors installed in ductwork or other low pressure systems shall be installed with 1/4 inch NPT non-adjustable compression fittings.  Sensors in process piping shall be installed in thermowells described in Section 5.7.2.4.4.


Sensors for pneumatic temperature transmitters shall be filled systems with the fill fluid complying with SAMA Class 3 specifications.  Sensor bulbs shall be 316 stainless steel, 0.375 inch diameter with a four inch active portion.  Bulbs shall be provided with extension necks as necessary to obtain the insertion depths indicated on the contract drawings.  Sensors not installed close-coupled to transmitters shall be connected to the transmitters with 316 stainless steel armored capillary tubes of sufficient length for the installation.  Bulbs shall include 316 stainless steel, 3/16 inch adjustable compression fittings with 1/2 inch NPT process connections.  Sensors installed in ductwork or other low pressure systems shall be installed with 3/16 inch NPT non-adjustable compression fittings.  Sensors in process piping shall be installed in thermowells described in Section 5.7.2.4.4.

5.7.2.4.4
Thermowells


All temperature sensors shall be installed in process piping in 316 stainless steel drilled barstock thermowells.  No temperature sensor shall be installed directly in the process media.  Thermowell connections on vessels or pipes shall be 3/4 inch NPT.  Instrument connections on thermowells shall be 1/2 inch NPT.  The thermowell insertion length shall be sufficient to place the temperature sensor in the main flow of the pipe or vessel.  Thermowells installed in insulated pipes or vessels shall have sufficient lagging extensions so that they may be removed without breaking or removing the insulation.  Thermowells mounted in pipes of two inch diameter or smaller shall be installed in elbows or tees to minimize flow restriction.  Thermowell bores shall match the diameter of the sensor installed within.

5.7.2.5
Moisture Transmitters/Sensors
5.7.2.5.1
In Situ Dewpoint/Humidity Transmitters/Sensors


Dewpoint/humidity transmitters/sensors shall be of the thin-film capacitance type. They shall have an operational range of 0 - 100% relative humidity (RH) with an accuracy of 
+/- 1% between 0 and 90% RH and +/- 2% between 90 and 100% RH. The temperature measurement range shall be from -40 to 176 deg.F with an accuracy of +/-0.2%. Transmitters shall minimally allow for two (2) 4 to 20 mA analog output signals and shall include a three and one half digit local LED display for both temperature and RH . The transmitter operational voltage shall be 115 VAC.  The transmitter enclosure shall conform to the NEMA 4 standard, with a 1/2” conduit connection.  Dewpoint/humidity transmitters shall be "Vaisala HMP 233."

5.7.2.5.2
Dewpoint Devices (Sample Type)


Dew point transmitters shall be fully automatic chilled mirror hygrometers.  Transmitters shall have a 4 to 20 mA analog output and shall include a three and one half digit LED display.  The transmitter power shall be 120 VAC.  The transmitter range shall be -100 to +200°F.  The transmitter accuracy shall be 0.36°F.  Transmitters shall provide automatic sensor bridge balancing and contamination error reduction and shall include a mirror alarm.  The transmitter shall be enclosed in a NEMA 12 enclosure.  Dew point transmitters shall be "General Eastern 1200 DPS".


Dew point sensors shall be thermoelectrically cooled chilled mirror sensors.  The sensor body shall be stainless steel.  The mirror shall be rhodium-coated copper.  Sample system connections shall be 1/4 inch compression fittings.  Sensors shall provide two stages of mirror depression.  Sensors shall permit operating temperatures from five to 200°F and pressures up to 300 psig.  The sensor range shall be -32 to 200°F.  Sensors shall be "General Eastern 1211H".

5.7.2.6
Analytical Transmitters/Sensors

5.7.2.6.1
pH


pH transmitters shall be the two wire type having a 4 to 20 mA output when powered from a 24 VDC supply.  Transmitter accuracy shall be 0.5 percent of span.  Transmitters shall be provided with a zero to 14 pH analog meter.  The transmitter electronics and output meter shall be enclosed in NEMA 4X enclosure with 1/2 inch conduit connections.  The enclosure shall be PVC.  Transmitters shall include zero and span adjustments.  pH transmitters shall be "Great Lakes Instruments 690P1F5AON".  Ranges shall be as indicated on the P&ID's.


pH sensors shall be the differential type with automatic temperature compensation.  The process electrode shall be glass.  The ground electrode shall be titanium palladium.  The salt bridge shall be vinyl ester with a double ceramic junction.  The sensor body shall be vinyl ester.  Sensors for insertion into pipes or vessels shall include two inch CPVC ball valve assemblies.  Sensors for submersion into tanks shall be provided with CPVC assemblies of lengths as shown on the contract drawings.  The Contractor shall provide cable of lengths as required for easy removal of the sensor assemblies from the process without disconnecting from the system electronics.  Sensors for insertion shall be "Great Lakes Instruments 6070P0".  Insertion assemblies shall be "Great Lakes Instruments MH738".  Sensors for submersion shall be "Great Lakes Instruments 6020P0".  Submersion assemblies shall be "Great Lakes Instruments MH434B".

5.7.2.6.2
Conductivity


Conductivity transmitters shall be the two wire type having a 4 to 20 mA output when powered from a 24 VDC supply.  The transmitter accuracy shall be 1.0 percent of span.  Transmitters shall be provided with a zero to 100 percent analog output meter.  The transmitter electronics and output meter shall be enclosed in a NEMA 4X enclosure with 1/2 inch conduit connections.  The transmitter shall include range adjustments that permit selection of ranges from ten to 20000 micromhos depending on sensor cell constant.  Transmitters shall provide automatic temperature compensation in the range of five to 85°C.  Conductivity transmitters shall be "Rosemount Uniloc 1181C-01-07-08".  Ranges shall be as indicated on the P&ID's.


Conductivity sensors shall be the electrode type with an integral temperature compensation element.  The electrode shall be 316 stainless steel.  Sensors for insertion into pipes or vessels shall include one inch stainless steel ball valve assemblies.  Sensors for submersion into tanks shall be Kynar and shall include sufficient cable to allow removal from the tank without disconnecting the sensor from the transmitter.  The sensor cell constant shall be selected to provided the range specified on the P&ID's.  Sensors for insertion shall be "Rosemount Uniloc 140".  Sensors for submersion shall be "Rosemount Uniloc 150 or 160" (depending on cell constant).

5.7.2.7
Transducers
5.7.2.7.1
Current to Pressure (I/P)


I/P transducers shall be direct-acting, capable of being powered by the input signal.  The input shall be 4 to 20 mA.  The output shall be three to 15 psig when connected to a 20 psig supply.  The output capacity shall be two scfm.  The transducer accuracy shall be 0.25 percent of the calibrated span.  Transducers shall be enclosed on a Class I Div. I, NEMA 4X enclosure with 1/2 inch conduit connection.  Air supply and output connections shall be 1/4 inch NPT.  Transducers shall include input zero and span adjustments and supply and output gauges.  Transducers shall be "Masoneilan Model 7000."  Input ranges shall be as indicated on the P&ID's.

5.7.2.7.2
Frequency to Electric


Frequency to electric transducers shall be the two wire type having a 4 to 20 mA output when powered from a 24 VDC supply.  Transducer accuracy shall be 0.05 percent of span.  Transducers shall be the "hockey puck" type enclosed in an explosion proof housing with 1/2 inch conduit connections.  Transducers shall include zero and span adjustments.  Terminals shall be RF/EMI protected.  Input sensitivity shall be a minimum of ten millivolts peak-to-peak.  Transducers shall be capable of inputs from DC to 12,800 Hz.  The transducer shall be "Moore Industries FDX".  Ranges shall be as indicated on the P&ID's.

5.7.2.7.3
Pressure To Current (P/I)


P/I transducers shall be the two wire type having a 4 to 20 mA output when powered from a 24 VDC supply.  The input shall be three to 15 psig.  Transducer accuracy shall be 0.2 percent of span.  Transducers shall be the "hockey puck" type enclosed in an explosion proof housing with 1/2 inch conduit connections.  Transducers shall include zero and span adjustments.  Terminals shall be RF/EMI protected.  The input connection shall be 1/4 inch NPT.  The transducer shall be "Moore Industries PIX".  Input ranges shall be as indicated on the P&ID's.

5.7.3
Process Switches
5.7.3.1
Flow Switches


Flow switches shall be the unidirectional vane type.  The switch body and vane shall be stainless steel.  The switch shall have single-pole, double-throw contacts (SPDT) rated for five amperes at 120 VAC.  The switch shall include 3/4 inch NPT conduit connections and an aluminum explosion proof housing.  Flow switches for pipe sizes 1-1/2 inch and larger shall have 1-1/2 inch NPT process connections.  Switches for pipe sizes 1-1/2 inch and smaller shall be mounted on stainless steel tees of equal sizes as the pipe.  Flow switches shall be "W. E. Anderson Series V".  Setpoints shall be as indicated on the P&ID's.

5.7.3.2
Level Switches
5.7.3.2.1
Liquid Level


Liquid level switches up to 72 inches immersion shall be the conductance type with no moving parts.  Conductance switch assemblies shall be composed of two main components:  the sensing probe (electrode) which is immersed in the liquid being measured and a separately mounted housing containing electrical control devices (relays).  Sensing probes shall be mounted in multi-probe fittings allowing for up to a maximum of seven probes to be used per installation.  The type of probe fitting, number of probes, and probe length shall be as described on the contract drawings.  Each probe shall be connected to its own unique control relay in the separately mounted housing.  The housing shall be either a NEMA 4 or NEMA 12 housing as required and shall be large enough to contain all the control relays required for the probe assembly.  The control relays shall be powered by a 120 VAC source and shall provide multiple dry contact outputs for each probe.  Conductance probe electrode fittings shall be "Warrick Series 3" fittings with "Warrick Series 3R" electrodes.  Control relays shall be "Warrick Series 2".


Liquid level switches for immersion over 72 inches shall be displacer type.  Displacers shall be mounted on a common cable.  At each actuation level, a magnetic switch shall be tripped by the motion of a spring-mounted attractor.  Switch station magnets shall be mounted opposed to each other to minimize friction.  Switches shall have single-pole, double-throw (SPDT) contacts rated for five amperes at 120 VAC.  Switch stations shall be enclosed in a NEMA 4 enclosure.  Displacers shall be 304 stainless steel; cable, spring, and protector shall be 316 stainless steel.  Process connections shall be as shown on the contract drawings.  Displacer dimensions shall be selected to provide proper switch operation in the process fluid being measured.  Switch assemblies shall be "Delta Controls Corp. Type 71 ( ) - Sequence A ( )".

5.7.3.2.2
Bulk Level


Bulk level switches shall be the synchronous motor driven, rotating paddle type.  When bulk material reaches the paddle, torque shall actuate the switch.  The unit shall include an adjustable time delay of up to six seconds to prevent nuisance tripping.  A flexible coupling shall be provided to protect the shaft from sudden material surges.  Motor power shall be 120 VAC.  Switches shall have single-pole, double-throw (SPDT) contacts rated for ten amperes at 120 VAC.  The switches and motor shall be enclosed in an explosion proof enclosure with screw terminals and 1/2 inch conduit connections.  The paddle and shaft shall be 316 stainless steel.  Paddle dimensions shall be selected according to the density of the materials indicated on the contract drawings.  Bulk level switches shall be "Crouse-Hinds AFL".  Actuation levels shall be as indicated on the contract drawings.

5.7.3.3
Pressure Switches
5.7.3.3.1
General Service


Pressure switches for general service shall be the adjustable differential diaphragm type.  The diaphragm shall be Buna-N.  Process connection shall be 1/4 inch female NPT, nickel-plated aluminum.  Switches shall be enclosed in a NEMA 4 enclosure with screw terminals and 1/2 inch conduit connections.  Switches shall include separate adjustments for setpoint and differential.  Switches for gauge pressure service shall have a 1000 psig proof pressure rating.  Switches for vacuum service shall have a 30 psig proof pressure rating.  Switches shall have single-pole, double-throw (SPDT) contacts rated for 15 amperes at 120 VAC.  Pressure switches shall be "Barksdale E1H-H250-F2".  Actuation and deactuation pressures shall be as indicated on the P&ID's.

5.7.3.3.2
Pressure Differential Service


Pressure switches for pressure differential service shall be the adjustable deadband diaphragm type.  The diaphragm shall be Buna-N.  Process connection shall be 1/4 inch female NPT, die cast aluminum with a baked enamel finish.  Switches shall be enclosed in a NEMA 4 enclosure with screw terminals and a 1/2 inch conduit connection.  Switches shall include separate adjustments for setpoint and deadband.  Switches shall have a 225 psig proof pressure rating.  Switches shall have single-pole, double-throw (SPDT) contacts rated for 15 amperes at 277 VAC.  Pressure switches shall be "United Electric H-105K-1520".  Actuation and deactuation pressure differentials shall be as indicated on the P&ID's.

5.7.3.3.3
Low Pressure Non-Corrosive Gas Systems


Pressure switches for use in low pressure non-corrosive gas systems (i.e. air ducts, booths, etc.) shall be the magnetic linkage diaphragm type.  Switches shall include a 
4-1/2 inch diameter gauge with one indicating and two setpoint pointers. Process connections shall be 1/8 inch NPT.  Switches shall be enclosed in a general purpose enclosure.  Switches shall have two photocell-actuated, double-pole, double-throw (DPDT) relays with contacts rated for ten amperes at 120 VAC.  Pressure switch power shall be 120 VAC.  Pressure switches shall include adjustments for two independent setpoints.  Pressure switches shall be "Dwyer Series 3000 Photohelic".  Setpoints shall be as indicated on the P&ID's.

5.7.3.3.4
Corrosive Service


Pressure switches used in corrosive service shall include diaphragm seals.  When used in steel piping systems, the gauge seals shall have a Monel diaphragm and stainless steel components.  When used in plastic piping systems the gauge seals shall have a Viton diaphragm and shall be a mixture of 50/50 ethylene glycol and water.  The gauge connection shall be 1/4 inch NPT and the process connection shall be 1/2 inch NPT.  Steel piping gauge seals shall be "Ashcroft 50-100-PM-02T-SE-YT-XSE".  Plastic piping gauge seals shall be "Plastomatic GGMVI-PV".

5.7.3.3.5
Slurry Service


Pressure switches used in slurry service shall include in-line circumferential pressure sensors.  Pressure sensors shall have Buna-N seals and carbon steel bodies.  The fill fluid shall be a mixture of 50/50 ethylene glycol and water.  The gauge connection shall be a 1/4 inch NPT.  The sensor size and type of connection shall be selected in accordance with the line class specifications under Section 3.1.15 of these specifications.  The sensors shall be "Red Valve".

5.7.3.3.6
Pressure switches used in steam service shall utilize stainless steel welded process connections and stainless steel diaphragms.  A siphon filled with water shall be installed between the switch actuator and the process line in order to prevent live steam from coming in contact with the switch actuator.  The switch shall be watertight NEMA 4X with general purpose contacts and stainless steel for all wetted parts.  The switch shall include a chained cover, stainless steel tag, and top mounted pilot light.  Steam pressure switches shall be "Weksler WP4 24 S XCH XNH XPK XXX PSI" where 'XXX' covers the steam pressure range of the system.

STD SPEC
5.7 - 15

